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Row WatchID JavaEnable Title GoodEvent EventTime

#0 89354350662 1 Investor Relations 1 2016-05-18 05:19:20
#1 90329509958 0 Contact us 1 2016-05-18 08:10:20
#2 89953706054 1 Mission 1 2016-05-18 07:38:00
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Row: #0 #1 #2 #N
WatchiD: 89354350662 90329509958 89953706054

JavaEnable: 1 0 1

Title: Investor Relations Contactus Mission

GoodEvent: 1 1 1

EventTime: 2016-05-18 05:19:20 2016-05-18 08:10:20 2016-05-18 07:38:00
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Input/output
1. X RHEENR , BERFZILNRN—/NEBRY, EFINEEERMFRAIURIZEURREENEIE. fl , MRAFTEIE
EX100%FRRY5%1 |, iXIGEENIRER VIRV 2018891/ OjE %,

2. ATHIESRITEAMEIZRN , MAERRIEEEZN. RRBERINDNFEILESZEMHE. XH—PRET
I/OBIAR,

3. BFI/ORIR , XIEFHESHBIBERARETT.

fign , EE R BT STEAMICRBE FTEIZIN T SEEID"X -5 , EERERWEATHEEINFIHITFME, W0
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AISKILATIRE,
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$ clickhouse-client

ClickHouse client version 0.0.52053.

Connecting to localhost:9000.

Connected to ClickHouse server version 0.0.52053.

:) SELECT CounterID, count() FROM hits GROUP BY CounterID ORDER BY count() DESC LIMIT 20

SELECT

CounterID,

count()
FROM hits
GROUP BY CounterID
ORDER BY count() DESC
LIMIT 20

—CounterlD———count()—
| 114208 | 56057344 |
| 115080 | 51619590 |
| 3228 | 44658301 |
| 38230 | 42045932 |
| 145263 | 42042158 |
| 91244 | 38297270

| 154139 | 26647572 |
| 150748 | 24112755 |
| 242232 | 21302571 |
| 338158 | 13507087 |
| 62180 | 12229491

| 82264 | 12187441 |
| 232261 | 12148031 |
| 146272 | 11438516 |
| 168777 | 11403636 |
| 4120072 | 11227824
| 10938808 | 10519739
| 74088 | 9047015 |
| 115079 | 8837972 |
| 337234 | 8205961 |

1

20 rows in set. Elapsed: 0.153 sec. Processed 1.00 billion rows, 4.00 GB (6.53 billion rows/s., 26.10 GB/s.)
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FELEREREL BN BIRMEMTAIZIEL T ARRIEELRE W FHFERMNEE B TEH,

SIHETE
ClickHouse @ {#t & M & H#E AP R SUR I EIER T St (THEM 5% -

1. BFECHTERNSERESEREL , 90 : distinct values, medians, quantiles
2. BT RS HEAFITIEINER, XA, XSNEERE LD IS thHIREEE,
3. NMERELMRERM  BUMEIEEERMBEREFHHITRE, XERERSFMFEREEDHRET  ERM

AL ERNRES ERORREE T i E R ER.
IR S R BT

ClickHouseff BFZHZ EEHIFA, HBRBRENEFA—INATREIERE  RASERERBIES REEMEIE , BMRIE
RSGEARR A LRFERNEIE. EASHIER FClickHousefEEMER BINIRE , E— L EANBATEELENF
e,

EZER.

W

TS 5,

ClickHouse®] LA [E R S T RE

1. RBTBNESSH.
2. ROEIME | RIERAMEKMBIREFERENEES, NERTHEMPRIEREIE , (BIXFFS GDPR,

5]
3. WHRS|E#SClickHouse MBS BT HEM RBITHIREIN,

Performance

RIEYandexBIAERMIALSR | ClickHouse®RIL L T EERIZEATELAR = mEB MLAVIERE, (RATIAE X2 EBBRRIMINER,

Y2 E M I SEX — &, (RETAERERMIEREIEN] , NAIRBAT MM B £ 18 %% 1 R EE,
BARENWELE

BFHErMERSYVAENITHSEVAENFTRREGE, MRBUEKKNEEpage cached , M—MRKRKERNEIBTE
BARRS R ERLIBENBLA2-10GB / s (KRES ) ANEEHITAIE (W FEREER , EEFIBALAFI30GB /s) , NREBIER
Bffpage cacheIiE , AL EEFEUR TRHVME R ANMBEHIE R, a0, WR—MHEERITFLA400MB / sHIEE 1R
R FERIEESRRES , NEENGIEEE H1.2GB/s, XEBKE , IRMFEARN—MOFTHT , BAECHIAIE
BERAZR-221TE,

WFAMANAIE , MIERELFREAMT RY , EXZRTREVAFHNERNIZRLKRMNERLT,

AL IEFE E 1R IEIR A 8]

MR—AERFERERARGEASTULTR)HITLE , FERBEERASHI , BBLERIERPage cacheZFHIIENR
T, EREER NI/ TFE0ER(EREMNER TN Z/NF102R)., SN, ERERTRIENERRE, MRIEHFIERR
ZHDD , ERIELBMHMEAT , EWMFEEMERAIUEL U T AVTESH . EHXEE (10ms) * BiFRFIFHRE
* ERIBIERBE.


https://gdpr-info.eu
https://clickhouse.yandex/benchmark.html
https://clickhouse.yandex/#independent-benchmarks

AIBRERERNELE

FEHERMERT | ClickHouser] AFEE MRS 28 LB IERBENENR (ERENEA TRSAIULERT) . ERH
FRERAERTHNEGR, FLEHBITZINENRSER00X,

HIRHIE A\ EEE

BINBWEBRBEARNLF10001THHEBA , BV ARBI—INMEABER, HfEMtab-separatediF VT —HEBIRES AZ!
MergeTreeRAEY , EANRE ALY H50FI200MB/s, MREEARKREETHIKb , BABARNEE H50 , 000F]

200, 0001T&Y. WMREMITEN , MLBARERES, B TREBEAMEE  EAIAERSNMNSERTHITHITEA , X
EE SRR RER T

Yandex.Metricaf){E A 2= 5

ClickHouse& ]2} Yandex.Metrica ttt 5755 — KWeb & MA LK., SER—EFHEZRFNRDEBHFRZASRTTE
A%, BalAlt , ZRFEClickHouseR BT 13HZFICR , FEBRBE200SZNMEHRLIE, ERVTEENMNERR
BIRPNSEBFEMBS. AXEENA T ClickHouseTE H R HA KL R ERRY B 4T,

Yandex.MetricaE TR FEXKFEE , WEAAR, EERE , ERIRNATRER, IMERFEFTESHREAN .,
tEANX il P HITRE. MEBRRIAE | XA ERFERE,

EF201454H , Yandex.MetricaB RIREFARLI1201ZANEMH (BFHIREFNE ) . AT UEIEBEEXHHRE , Filw
AFEEHILSEH, i, ILERPEREFEC/LEEVARBRERITHRE | SE/LRREERIZITIERIE.

Yandex.MetricalA Sz EfthYandex PR 53 &1 A = 4

7EYandex.Metrica® , ClickHouse#i B FZM7amH, EMTEBEZEERAFBIBELMNIRHEMIUERSE. ©EME374
BIRSEEMNER , FET2030121THEE. EEREESEIRIIENEAT , EHENEIBAZI T2PB, KRELS A (TSV
&) EXEE17PB,

ClickHouseiZ # {EFTE :
o FfiEKBYandex.MetricaBliEE HRELIE,
o ALIEAR(E)EIE
o 5Analytics—2HME LR R,
 AifitYandex.Metrica3|Ziz1TE
o HHTREAPIFIFRFRENBSHIE

ClickHousefEEfthYandexfRZH ZE /L H 1241 E © search verticals, Market, Direct, business analytics, mobile
development, AdFox, personal servicess,

RESERSHIR
B-MIRTHONLEIAN , BEERNITEAITE Y ASRERE  BhRSBRELER.
ERMERSR—NEESRAINMARTSE , I :

o {RTURBIANE A P E X BIRRIFERTIR

o APTEEEXRE

o HREFISH , TRARBLEE  RERTH.
o FHERERRN , BEASHREEN (ASRIE)


https://metrica.yandex.com/
http://w3techs.com/technologies/overview/traffic_analysis/all

o HREFHBIFERMWELRE (9 :url) , WBREEAKBL (LFFHE)
- REMNBIRETREIERKMARINYE
o APASEERR(AMERMFERS , REHHTERELAN
- SMRSAEEE 7 AENZETEY
MRBANERERERSBIEMAAITERARSH , HNWOTEEEE R,
AT, AN TFREFERR—BHLFERBELTN AL TEFTERRVTMITE  BORFPESHER.

Yandex.Metrica BE—MNEITHETFREHIBIARS , i Metrage , ERJURERE DR, M20095FH

%8 , Yandex.Metricaif HIER S HIBER T IRIOLAPEUREE |, ¥R AOLAPServer , ELABIF TIRFRMEZR %, OLAPServer
AIUNRIFM TEEIEREHIEL  BREBIESRE , SR ERBEFEZRERATHRERED. 1, ROWHIBLEENSH
(RZHHE) | TEEEENERHIE (REBISRESHIETAN ) . OLAPServerR@2—MABEEREZRSL , ER

= MNURE,

7977 iBFROLAPServert XL FIR M , BAFMERRERIERSHURHIEIA , T & T ClickHouse iR EEER A,

NBECLE]
RBEENK
MBEMESCERS , BERREEANREG6 6AIBEMRILInuGt B RHSSE 421508

KMERADRFFSSEAL2 :
grep -q sse4_2 /proc/cpuinfo && echo "SSE 4.2 supported” || echo "SSE 4.2 not supported"”

HAEFEHRUbuntus & Debian, iR AERAUTF-84%73,
EFrpmM R % (R MERE =HNEREE : https://packagecloud.io/altinity/clickhouse 5{#& HiEZ& ¥ debianZE fl,

ClickHouseix F] LA7EFreeBSD5Mac OS X ETAF, FEIETEFRIBATERZHFSSE 4.209x86_64 52 F1AArch64 CPUs E4Ri%,

TR
JoDebian/Ubuntu® %

1E /etc/apt/sources.list (BXBIEE /etc/apt/sources.list.d/clickhouse.list SXEF)FIRIIEE :

deb http://repo.yandex.ru/clickhouse/deb/stable/ main/

NRFEEARIEIMIAARAE |, BfERA testing'&#'stable’,
RIaiaiT !

sudo apt-get install dirmngr  # optional

sudo apt-key adv --keyserver hkp:/keyserver.ubuntu.com:80 --recv EOC56BD4 # optional
sudo apt-get update

sudo apt-get install clickhouse-client clickhouse-server

RBETBAMIX B FEH THEES  https://repo.yandex.ru/clickhouse/deb/stable/main/,

ClickHouseBZ1A0)iZHIEE , BT usersxml XHEFF(5'configxmI'BEF), ZKIANERT , RIFMERSERZKIA
#Y'default’ B P 2 REHYiA[]ClickHouse, £33 ‘user/default/networks’, BXEZBER , HEE"Configuration files"&B

AN
7J0


https://repo.yandex.ru/clickhouse/deb/stable/main/

ERRBERR
Bix4wi¥ 7N BAZEbuild.md,
RE]ARIFHRREN]. R UERERMAHRITER,

Client: dbms/programs/clickhouse-client
Server: dbms/programs/clickhouse-server

ERSEFBFHBECIZWTER !

/opt/clickhouse/data/default/
/opt/clickhouse/metadata/default/

(EA1=] LATEserver confighEZ &, ) AEERIFFIZ{T chown’
HEMI& 128 LA#Eserver config (src/dbms/programs/server/config.xml)FEE &,

Bt LR *E

Dockerimage : https://hub.docker.com/r/yandex/clickhouse-server/

CentOSE{RHELZ %A : https://github.com/Altinity/clickhouse-rpm-install

Gentoo : emerge clickhouse

=1
BT e ERE RIRS -
sudo service clickhouse-server start
BJBATE /var/log/clickhouse-server/ B EEHE,

MNRRSEER , BMERE XY /etc/clickhouse-server/config.xml ,

R E] ATEIEHI & P EZBHRS !

clickhouse-server --config-file=/etc/clickhouse-server/config.xml

EXMIEAT , BEEHITENAESIES , IEALTERRGE, NREEXGEEHFERT , FReTUREE --config-
file's$, BEIAER"./config.xml’,

fRE] AMER &G L 1TE P imEERIARSS
clickhouse-client

FIABE R T ERA default AP L Z /B A Slocalhost:9000fR Z &%, FFint ] AT EEEERS |, FW :
clickhouse-client --host=example.com

BXREZER , B55E"Command-line client"&B 5

RERRROTF


https://hub.docker.com/r/yandex/clickhouse-server/
https://github.com/Altinity/clickhouse-rpm-install

milovidov@hostname:~/work/metrica/src/doms/src/Client$ ./clickhouse-client
ClickHouse client version 0.0.18749.

Connecting to localhost:9000.

Connected to ClickHouse server version 0.0.18749.

:) SELECT 1

SELECT 1

—1—

| 11

I—

1 rows in set. Elapsed: 0.003 sec.

)
NE , RAEETHET!

JTHREHITRE , RRIBAEIR T RN AIR S,

AL X1 TEUE
THIE -

for sin 'seq 1987 2018’

do

formin'seq 112

do

wget https://transtats.bts.gov/PREZIP/On_Time_Reporting_Carrier_On_Time_Performance_1987_present_${s} ${m}.zip
done

done

(31 A https://github.com/Percona-Lab/ontime-airline-performance/blob/master/download.sh)
BliRREM

CREATE TABLE “ontime™ (
“Year Ulnt16,
“Quarter” UInt8,
*Month® UlInt8,
‘DayofMonth™ UlInt8,
‘DayOfWeek™ UInt8,
“FlightDate™ Date,
“UniqueCarrier® FixedString(7),
“AirlinelD" Int32,
“Carrier’ FixedString(2),
“TailNum® String,
“FlightNum® String,
“OriginAirportID™ Int32,
“OriginAirportSeqID" Int32,
“OriginCityMarketID" Int32,
"Origin® FixedString(5),
“OriginCityName™ String,
“OriginState” FixedString(2),
“OriginStateFips™ String,
“OriginStateName™ String,
“OriginWac® Int32,
“DestAirportID" Int32,
“DestAirportSeqID" Int32,
"DestCityMarketID" Int32,
"Dest” FixedString(5),
"DestCityName™ String,
“DestState” FixedString(2),
"DestStateFips” String,
“"DestStateName™ String,

“Nact\Mar® Int22


https://github.com/Percona-Lab/ontime-airline-performance/blob/master/download.sh

Uoowvvau  1iuc,

"CRSDepTime’ Int32,
‘DepTime’ Int32,
‘DepDelay’ Int32,
‘DepDelayMinutes’ Int32,
"DepDel15" Int32,
“DepartureDelayGroups” String,
‘DepTimeBIk™ String,
“TaxiOut™ Int32,
"WheelsOff" Int32,
"WheelsOn" Int32,

“Taxiln™ Int32,
"CRSArTime" Int32,
“ArrTime™ Int32,

“ArrDelay” Int32,
“ArrDelayMinutes’ Int32,
“ArrDel15" Int32,
“ArrivalDelayGroups® Int32,
“ArrTimeBIk™ String,
“Cancelled” UInt8,
“CancellationCode" FixedString(1),
“Diverted” UInt8,
"CRSElapsedTime’ Int32,
“ActualElapsedTime’ Int32,
“AirTime” Int32,

“Flights™ Int32,

‘Distance’ Int32,
“DistanceGroup” UInt8,
“CarrierDelay" Int32,
“WeatherDelay" Int32,
‘NASDelay" Int32,
“SecurityDelay” Int32,
“LateAircraftDelay” Int32,
"FirstDepTime™ String,
“TotalAddGTime" String,
‘LongestAddGTime’ String,
‘DivAirportLandings™ String,
‘DivReachedDest™ String,
‘DivActualElapsedTime’ String,
‘DivArrDelay" String,
‘DivDistance” String,
"Div1Airport™ String,
"Div1AirportID” Int32,
‘DiviAirportSeqID" Int32,
‘DiviWheelsOn" String,
‘DiviTotalGTime" String,
‘DiviLongestGTime™ String,
‘DiviWheelsOff" String,
"DiviTailNum® String,
“Div2Airport™ String,
“Div2AirportID" Int32,
‘Div2AirportSeqID" Int32,
‘Div2WheelsOn" String,
‘Div2TotalGTime" String,
‘Div2LongestGTime™ String,
‘Div2WheelsOff" String,
‘Div2TailNum® String,
“Div3Airport™ String,
"Div3AirportID” Int32,
‘Div3AirportSeqID’ Int32,
"DivBWheelsOn" String,
"Div3TotalGTime" String,
"Div3LongestGTime" String,
"Div3WheelsOff" String,
“Div3TailNum® String,
“Div4Airport™ String,
“Div4AirportID" Int32,
"Div4AirportSeqID’ Int32,
"DivdWheelsOn" String,
"Div4TotalGTime" String,
"Div4LongestGTime" String,
"DivdWheelsOff" String,
"Div4TailNum® String,



"DivbAirport™ String,
“Div5AirportID" Int32,
“Div5AirportSeqID’ Int32,
"DivBWheelsOn" String,
"Div5TotalGTime" String,
‘Div5LongestGTime™ String,
"DivbWheelsOff" String,
‘Div5TailNum® String
) ENGINE = MergeTree(FlightDate, (Year, FlightDate), 8192)

IEEEHE

for i in *.zip; do echo $i; unzip -cq $i "*.csv' | sed 's/\.00//g' | clickhouse-client --host=example-perftest01j --query="INSERT INTO ontime FORMAT
CSVWithNames"; done

&if :
QO.

select avg(c1) from (select Year, Month, count(*) as ¢1 from ontime group by Year, Month);

Q1. Eif A 20005 22008 F B R AIRAHILL

SELECT DayOfWeek, count(*) AS ¢ FROM ontime WHERE Year >= 2000 AND Year <= 2008 GROUP BY DayOfWeek ORDER BY ¢ DESC;

Q2. Eif)\20005F 12008 F 5 A IR HBIL 1073 HHHIRAHIEL,

SELECT DayOfWeek, count(*) AS ¢ FROM ontime WHERE DepDelay>10 AND Year >= 2000 AND Year <= 2008 GROUP BY DayOfWeek
ORDER BY ¢ DESC

Q3. Eif2000F 22008 F S MUAE IR BT 105 # A _EHTIRER

SELECT Origin, count(*) AS ¢ FROM ontime WHERE DepDelay>10 AND Year >= 2000 AND Year <= 2008 GROUP BY Origin ORDER BY ¢
DESC LIMIT 10

Q4. Eif2007F FHNZ= A EEIRBIT 105 ¥ A LHIREL

SELECT Carrier, count(*) FROM ontime WHERE DepDelay>10 AND Year = 2007 GROUP BY Carrier ORDER BY count(*) DESC

Q5. BEf2007F FME LB EIRBIT 109 #HEA LRIF S EE

SELECT Carrier, ¢, c2, c*100/c2 as c3
FROM
(
SELECT
Carrier,
count(*) AS ¢
FROM ontime
WHERE DepDelay>10
AND Year=2007
GROUP BY Carrier
)
ANY INNER JOIN
(
SELECT
Carrier,
count(*) AS c2
FROM ontime
WHERE Year=2007
GROUP BY Carrier
) USING Carrier
ORDER BY ¢3 DESC;



BIFHEBRE

SELECT Carrier, avg(DepDelay > 10) * 100 AS ¢3 FROM ontime WHERE Year = 2007 GROUP BY Carrier ORDER BY Carrier

Q6. B L—N&E#—K AR EEEEY KEI20005F FI120085F

SELECT Carrier, ¢, ¢2, ¢c*100/c2 as c3
FROM
(
SELECT
Carrier,
count(*) AS ¢
FROM ontime
WHERE DepDelay>10
AND Year >= 2000 AND Year <= 2008
GROUP BY Carrier
)
ANY INNER JOIN
(
SELECT
Carrier,
count(*) AS c2
FROM ontime
WHERE Year >= 2000 AND Year <= 2008
GROUP BY Carrier
) USING Carrier
ORDER BY ¢c3 DESC;

BIFHNERRE

SELECT Carrier, avg(DepDelay > 10) * 100 AS ¢3 FROM ontime WHERE Year >= 2000 AND Year <= 2008 GROUP BY Carrier ORDER BY
Carrier

Q7. EFMIIEIRBIT107HHIE DL

SELECT Year, c1/c2
FROM
(
select
Year,
count(*)*100 as c1
from ontime
WHERE DepDelay>10
GROUP BY Year
)
ANY INNER JOIN
(
select
Year,
count(*) as c2
from ontime
GROUP BY Year
) USING (Year)
ORDER BY Year

BIFREIRARA

SELECT Year, avg(DepDelay > 10) FROM ontime GROUP BY Year ORDER BY Year

Q8. BFEZAMNEEZNEMH

SELECT DestCityName, unigExact(OriginCityName) AS u FROM ontime WHERE Year >= 2000 and Year <= 2010 GROUP BY DestCityName
ORDER BY u DESC LIMIT 10;

Qo.



select Year, count(*) as ¢1 from ontime group by Year;

Q10.

select
min(Year), max(Year), Carrier, count(*) as cnt,
sum(ArrDelayMinutes>30) as flights_delayed,
round(sum(ArrDelayMinutes>30)/count(*),2) as rate
FROM ontime
WHERE
DayOfWeek not in (6,7) and OriginState not in (‘AK', 'HI', 'PR', 'VI')
and DestState not in ('AK', 'HI', 'PR’, 'VI')
and FlightDate < '2010-01-01'
GROUP by Carrier
HAVING cnt > 100000 and max(Year) > 1990
ORDER by rate DESC
LIMIT 1000;

Bonus:

SELECT avg(cnt) FROM (SELECT Year,Month,count(*) AS cnt FROM ontime WHERE DepDel15=1 GROUP BY Year,Month)
select avg(c1) from (select Year,Month,count(*) as ¢1 from ontime group by Year,Month)
SELECT DestCityName, unigExact(OriginCityName) AS u FROM ontime GROUP BY DestCityName ORDER BY u DESC LIMIT 10;

SELECT OriginCityName, DestCityName, count() AS ¢ FROM ontime GROUP BY OriginCityName, DestCityName ORDER BY ¢ DESC LIMIT
10;

SELECT OriginCityName, count() AS ¢ FROM ontime GROUP BY OriginCityName ORDER BY ¢ DESC LIMIT 10;

XAMEEgEMt B Vadim TkachenkoiZ i, 8%

¢ https://www.percona.com/blog/2009/10/02/analyzing-air-traffic-performance-with-infobright-and-monetdb/
¢ https://www.percona.com/blog/2009/10/26/air-traffic-queries-in-luciddb/
¢ https://www.percona.com/blog/2009/11/02/air-traffic-queries-in-infinidb-early-alpha/

¢ https://www.percona.com/blog/2014/04/21/using-apache-hadoop-and-impala-together-with-mysql-for-data-
analysis/

¢ https://www.percona.com/blog/2016/01/07/apache-spark-with-air-ontime-performance-data/

¢ http://nickmakos.blogspot.ru/2012/08/analyzing-air-traffic-performance-with.html

Ly HHFEE
EHSARBRIE

B LAZ&E https://github.com/toddwschneider/nyc-taxi-dataFlhttp://tech.marksblogg.com/billion-nyc-taxi-rides-
redshift. htmIFfRRIX FEIBSREMEIR S BIE T HIES KA,

BIEE B E227GBHICSVX M, XRAFE— NN THME(1GbItHFET , FT FRAEBR —FifE). FTHEEEMR
MBS, EIRAME B RNFER T IR,

BEXMHHRES—LEXMT , BRIUERMTEDESE /]

sed -E '/(.*,){18,}/d" data/yellow_tripdata_2010-02.csv > data/yellow_tripdata_2010-02.csv_
sed -E '/(.*,){18,}/d" data/yellow_tripdata_2010-03.csv > data/yellow_tripdata_2010-03.csv_
mv data/yellow_tripdata_2010-02.csv_ data/yellow_tripdata_2010-02.csv
mv data/yellow_tripdata_2010-03.csv_ data/yellow_tripdata_2010-03.csv


https://www.percona.com/blog/2009/10/02/analyzing-air-traffic-performance-with-infobright-and-monetdb/
https://www.percona.com/blog/2009/10/26/air-traffic-queries-in-luciddb/
https://www.percona.com/blog/2009/11/02/air-traffic-queries-in-infinidb-early-alpha/
https://www.percona.com/blog/2014/04/21/using-apache-hadoop-and-impala-together-with-mysql-for-data-analysis/
https://www.percona.com/blog/2016/01/07/apache-spark-with-air-ontime-performance-data/
http://nickmakos.blogspot.ru/2012/08/analyzing-air-traffic-performance-with.html
https://github.com/toddwschneider/nyc-taxi-data
http://tech.marksblogg.com/billion-nyc-taxi-rides-redshift.html

AR IR TEPOStgreSQLAAFIALIEX LE AR, XIFRIEZ B IR (AREEMERALTHER ) , AEEdER
JOINE BB REAES R —MEEHRAR. 7T EXE D RF |, BFEELRPostgreSQLAYERT L 2 PostGISHF.

1Z1T initialize_database.sh BRI/l , HAFNEFKRERBEHEIETHER,
TEPostgreSQLAAIEEN BIBUE RLEE20-300 5 , RHKAFEZA8/\AT,
TR AR T A E T EHAVITEL :

time psql nyc-taxi-data -c¢ "SELECT count(*) FROM trips;"
#i## Count

1298979494

(1 row)

real 7m9.164s
({B#EMark Litwintschik I R I EEIRELIEIE S R111217)
PostgreSQLAMEIX LEH iR A E 2 370GBRVH R =S (8],

MPostgreSQLH S H #44E :



COPY
(

SELECT trips.id,
trips.vendor_id,
trips.pickup_datetime,
trips.dropoff_datetime,
trips.store_and_fwd_flag,
trips.rate_code_id,
trips.pickup_longitude,
trips.pickup_latitude,
trips.dropoff_longitude,
trips.dropoff_latitude,
trips.passenger_count,
trips.trip_distance,
trips.fare_amount,
trips.extra,
trips.mta_tax,
trips.tip_amount,
trips.tolls_amount,
trips.ehail_fee,
trips.improvement_surcharge,
trips.total_amount,
trips.payment_type,
trips.trip_type,
trips.pickup,
trips.dropoff,

cab_types.type cab_type,

weather.precipitation_tenths_of_mm rain,
weather.snow_depth_mm,

weather.snowfall_mm,
weather.max_temperature_tenths_degrees_celsius max_temp,
weather.min_temperature_tenths_degrees_celsius min_temp,
weather.average_wind_speed_tenths_of_meters_per_second wind,

pick_up.gid pickup_nyct2010_gid,
pick_up.ctlabel pickup_ctlabel,
pick_up.borocode pickup_borocode,
pick_up.boroname pickup_boroname,
pick_up.ct2010 pickup_ct2010,
pick_up.boroct2010 pickup_boroct2010,
pick_up.cdeligibil pickup_cdeligibil,
pick_up.ntacode pickup_ntacode,
pick_up.ntaname pickup_ntaname,
pick_up.puma pickup_puma,

drop_off.gid dropoff_nyct2010_gid,
drop_off.ctlabel dropoff_ctlabel,
drop_off.borocode dropoff_borocode,
drop_off.boroname dropoff_boroname,
drop_off.ct2010 dropoff_ct2010,
drop_off.boroct2010 dropoff_boroct2010,
drop_off.cdeligibil dropoff_cdeligibil,
drop_off.ntacode dropoff_ntacode,
drop_off.ntaname dropoff_ntaname,
drop_off.puma dropoff_puma
FROM trips
LEFT JOIN cab_types
ON trips.cab_type_id = cab_types.id
LEFT JOIN central_park_weather_observations_raw weather
ON weather.date = trips.pickup_datetime::date
LEFT JOIN nyct2010 pick_up
ON pick_up.gid = trips.pickup_nyct2010_gid
LEFT JOIN nyct2010 drop_off
ON drop_off.gid = trips.dropoff_nyct2010_gid
) TO "Jopt/milovidov/nyc-taxi-data/trips.tsv';

IR RIBNAIBREL N BH50MB, ERIRIRIRAT , PostgreSQLIAGHHL28 MBAYIEE M &2 AUAE,
AINE,  BRALERITSVIH $9590612904969 bytes,



TEClickHouse 8l 2 IIFETER :

CREATE TABLE trips
(

trip_id UInt32,
vendor _id String,
pickup_datetime DateTime,

dropoff_datetime Nullable(DateTime),

store_and_fwd_flag  Nullable(FixedString(1)),

rate_code_id Nullable(UInt8),
pickup_longitude Nullable(Float64),
pickup_latitude Nullable(Float64),
dropoff_longitude Nullable(Float64),
dropoff_latitude Nullable(Float64),
passenger_count Nullable(UInt8),
trip_distance Nullable(Float64),
fare_amount Nullable(Float32),

extra Nullable(Float32),
mta_tax Nullable(Float32),
tip_amount Nullable(Float32),
tolls_amount Nullable(Float32),
ehail_fee Nullable(Float32),

improvement_surcharge Nullable(Float32),
total_amount Nullable(Float32),
payment_type Nullable(String),

trip_type Nullable(UInt8),
pickup Nullable(String),
dropoff Nullable(String),
cab_type Nullable(String),
precipitation Nullable(UInt8),
snow_depth Nullable(UInt8),
snowfall Nullable(UInt8),
max_temperature Nullable(UInt8),
min_temperature Nullable(UInt8),

average_wind_speed  Nullable(UInt8),
pickup_nyct2010_gid  Nullable(UInt8),
pickup_ctlabel Nullable(String),
pickup_borocode Nullable(UInt8),
pickup_boroname Nullable(String),
pickup_ct2010 Nullable(String),
pickup_boroct2010 Nullable(String),

pickup_cdeligibil Nullable(FixedString(1)),

pickup_ntacode Nullable(String),
pickup_ntaname Nullable(String),
pickup_puma Nullable(String),
dropoff_nyct2010_gid Nullable(UInt8),
dropoff_ctlabel Nullable(String),
dropoff_borocode Nullable(UInt8),
dropoff_boroname Nullable(String),
dropoff_ct2010 Nullable(String),
dropoff_boroct2010  Nullable(String),
dropoff_cdeligibil ~ Nullable(String),
dropoff_ntacode Nullable(String),
dropoff_ntaname Nullable(String),
dropoff_puma Nullable(String)

) ENGINE = Log;

BETRFEEFFERISHRMEEMIBIELE , FEAEENERT |, IBRNULL,

time clickhouse-client --query="INSERT INTO trips FORMAT TabSeparated" < trips.tsv

real 75m56.214s

HIFERZERE H112-140 Mb/#, BT XM A IV RIENHEILogRPFEET6

MR == (8).

( BB LA ${#FFS COPY ... TO PROGRAM M Postgres 5 AR )

BATHIBEPFESXRSBEXNABELE (precipitation

\
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average_wind_speed ) #IEZR TNULL, FTUA , B VG MERLEIESE



FREREA
B, BAERREERSR[LER , FERNNEES ET R LEIBXER,
BIRREMFABALIE

CREATE TABLE trips_mergetree
ENGINE = MergeTree(pickup_date, pickup_datetime, 8192)
AS SELECT

trip_id,

CAST(vendor_id AS Enum8('1'=1,"2'=2, 'CMT' = 3, 'VTS' = 4, 'DDS' = 5, 'B02512' = 10, 'B02598' = 11, 'B02617' = 12, 'B02682' = 13, 'B02764' =
14)) AS vendor_id,

toDate(pickup_datetime) AS pickup_date,

ifNull(pickup_datetime, toDateTime(0)) AS pickup_datetime,

toDate(dropoff_datetime) AS dropoff_date,

ifNull(dropoff_datetime, toDateTime(0)) AS dropoff_datetime,

assumeNotNull(store_and_fwd_flag) IN ('Y", '1', '2') AS store_and_fwd_flag,

assumeNotNull(rate_code_id) AS rate_code_id,

assumeNotNull(pickup_longitude) AS pickup_longitude,

assumeNotNull(pickup_latitude) AS pickup_latitude,

assumeNotNull(dropoff_longitude) AS dropoff_longitude,

assumeNotNull(dropoff_latitude) AS dropoff_latitude,

assumeNotNull(passenger_count) AS passenger_count,

assumeNotNull(trip_distance) AS trip_distance,

assumeNotNull(fare_amount) AS fare_amount,

assumeNotNull(extra) AS extra,

assumeNotNull(mta_tax) AS mta_tax,

assumeNotNull(tip_amount) AS tip_amount,

assumeNotNull(tolls_amount) AS tolls_amount,

assumeNotNull(ehail_fee) AS ehail_fee,

assumeNotNull(improvement_surcharge) AS improvement_surcharge,

assumeNotNull(total_amount) AS total_amount,

CAST((assumeNotNull(payment_type) AS pt) IN ('CSH', 'CASH', 'Cash’, 'CAS', 'Cas', '1") ? 'CSH' : (pt IN ('CRD', 'Credit', 'Cre', 'CRE', 'CREDIT',
'2') ?'CRE' : (pt IN ('NOC', 'No Charge', 'No', '3') ? 'NOC' : (pt IN ('DIS', 'Dispute', 'Dis', '4') ? 'DIS' : 'UNK'))) AS Enum8('CSH' = 1, 'CRE' = 2, 'UNK'
=0, 'NOC' = 3, 'DIS' = 4)) AS payment_type_,

assumeNotNull(trip_type) AS trip_type,

ifNull(toFixedString(unhex(pickup), 25), toFixedString(", 25)) AS pickup,

ifNull(toFixedString(unhex(dropoff), 25), toFixedString(", 25)) AS dropoff,

CAST (assumeNotNull(cab_type) AS Enum8('yellow' = 1, 'green' = 2, 'uber' = 3)) AS cab_type,

=9 999 Fr9vr-vr-FrFrvr

assumeNotNull(pickup_nyct2010_gid) AS pickup_nyct2010_gid,

toFloat32(ifNull(pickup_ctlabel, '0")) AS pickup_ctlabel,

assumeNotNull(pickup_borocode) AS pickup_borocode,

CAST (assumeNotNull(pickup_boroname) AS Enum8('Manhattan' = 1, 'Queens' = 4, 'Brooklyn' = 3, " = 0, 'Bronx' = 2, 'Staten Island' = 5)) AS
pickup_boroname,

toFixedString(ifNull(pickup_ct2010, '000000'), 6) AS pickup_ct2010,

toFixedString(ifNull(pickup_boroct2010, '0000000'), 7) AS pickup_boroct2010,

CAST(assumeNotNull(ifNull(pickup_cdeligibil, ' )) AS Enum8(' ' =0, 'E' = 1, 'I' = 2)) AS pickup_cdeligibil,
toFixedString(ifNull(pickup_ntacode, '0000'), 4) AS pickup_ntacode,

CAST(assumeNotNull(pickup_ntaname) AS Enum16(" = 0, 'Airport' = 1, 'Allerton-Pelham Gardens' = 2, 'Annadale-Huguenot-Prince\'s Bay-
Eltingville' = 3, 'Arden Heights' = 4, 'Astoria’ = 5, 'Auburndale' = 6, 'Baisley Park' = 7, 'Bath Beach' = 8, 'Battery Park City-Lower Manhattan' = 9,
'‘Bay Ridge' = 10, 'Bayside-Bayside Hills' = 11, 'Bedford' = 12, 'Bedford Park-Fordham North' = 13, 'Bellerose' = 14, 'Belmont' = 15, 'Bensonhurst
East' = 16, 'Bensonhurst West' = 17, 'Borough Park' = 18, 'Breezy Point-Belle Harbor-Rockaway Park-Broad Channel' = 19, 'Briarwood-Jamaica
Hills' = 20, 'Brighton Beach' = 21, 'Bronxdale' = 22, 'Brooklyn Heights-Cobble Hill' = 23, 'Brownsville' = 24, 'Bushwick North' = 25, 'Bushwick South'
= 26, 'Cambria Heights' = 27, 'Canarsie' = 28, 'Carroll Gardens-Columbia Street-Red Hook' = 29, 'Central Harlem North-Polo Grounds' = 30,
‘Central Harlem South' = 31, 'Charleston-Richmond Valley-Tottenville' = 32, 'Chinatown' = 33, 'Claremont-Bathgate' = 34, 'Clinton' = 35, 'Clinton
Hill' = 36, 'Co-op City' = 37, 'College Point' = 38, 'Corona' = 39, 'Crotona Park East' = 40, 'Crown Heights North' = 41, '‘Crown Heights South' = 42,
'Cypress Hills-City Line' = 43, 'DUMBO-Vinegar Hill-Downtown Brooklyn-Boerum Hill' = 44, 'Douglas Manor-Douglaston-Little Neck' = 45, 'Dyker
Heights' = 46, 'East Concourse-Concourse Village' = 47, 'East Elmhurst' = 48, 'East Flatbush-Farragut' = 49, 'East Flushing' = 50, 'East Harlem
North' = 51, 'East Harlem South' = 52, 'East New York' = 53, 'East New York (Pennsylvania Ave)' = 54, 'East Tremont' = 55, 'East Village' = 56,
‘East Williamsburg' = 57, 'Eastchester-Edenwald-Baychester' = 58, 'EImhurst' = 59, 'EImhurst-Maspeth' = 60, 'Erasmus' = 61, 'Far Rockaway-
Bayswater' = 62, 'Flatbush' = 63, 'Flatlands' = 64, 'Flushing' = 65, 'Fordham South' = 66, 'Forest Hills' = 67, 'Fort Greene' = 68, 'Fresh Meadows-
Utopia' = 69, 'Ft. Totten-Bay Terrace-Clearview' = 70, 'Georgetown-Marine Park-Bergen Beach-Mill Basin' = 71, 'Glen Oaks-Floral Park-New Hyde
Park' = 72, 'Glendale’ = 73, 'Gramercy' = 74, 'Grasmere-Arrochar-Ft. Wadsworth' = 75, 'Gravesend' = 76, 'Great Kills' = 77, 'Greenpoint' = 78,
'‘Grymes Hill-Clifton-Fox Hills' = 79, 'Hamilton Heights' = 80, 'Hammels-Arverne-Edgemere' = 81, 'Highbridge' = 82, 'Hollis' = 83, 'Homecrest' = 84,
'Hudson Yards-Chelsea-Flatiron-Union Square' = 85, 'Hunters Point-Sunnyside-West Maspeth' = 86, 'Hunts Point' = 87, 'Jackson Heights' = 88,
‘Jamaica' = 89, 'Jamaica Estates-Holliswood' = 90, 'Kensington-Ocean Parkway' = 91, 'Kew Gardens' = 92, 'Kew Gardens Hills' = 93, 'Kingsbridge
Heights' = 94, 'Laurelton' = 95, 'Lenox Hill-Roosevelt Island' = 96, 'Lincoln Square' = 97, 'Lindenwood-Howard Beach' = 98, 'Longwood' = 99,
‘Lower East Side' = 100, 'Madison' = 101, 'Manhattanville' = 102, 'Marble Hill-Inwood' = 103, 'Mariner\'s Harbor-Arlington-Port Ivory-Graniteville' =



104, 'Maspeth' = 105, 'Melrose South-Mott Haven North' = 106, 'Middle Village' = 107, 'Midtown-Midtown South' = 108, 'Midwood' = 109,
'‘Morningside Heights' = 110, 'Morrisania-Melrose' = 111, 'Mott Haven-Port Morris' = 112, 'Mount Hope' = 113, 'Murray Hill' = 114, 'Murray Hill-Kips
Bay' = 115, 'New Brighton-Silver Lake' = 116, 'New Dorp-Midland Beach' = 117, 'New Springville-Bloomfield-Travis' = 118, 'North Corona' = 119,
‘North Riverdale-Fieldston-Riverdale' = 120, 'North Side-South Side' = 121, 'Norwood' = 122, 'Oakland Gardens' = 123, 'Oakwood-Oakwood
Beach' = 124, 'Ocean Hill' = 125, 'Ocean Parkway South' = 126, 'Old Astoria' = 127, 'Old Town-Dongan Hills-South Beach' = 128, 'Ozone Park' =
129, 'Park Slope-Gowanus' = 130, 'Parkchester' = 131, 'Pelham Bay-Country Club-City Island' = 132, 'Pelham Parkway' = 133, 'Pomonok-Flushing
Heights-Hillcrest' = 134, 'Port Richmond' = 135, 'Prospect Heights' = 136, 'Prospect Lefferts Gardens-Wingate' = 137, 'Queens Village' = 138,
‘Queensboro Hill' = 139, 'Queensbridge-Ravenswood-Long Island City' = 140, 'Rego Park' = 141, 'Richmond Hill' = 142, 'Ridgewood' = 143, 'Rikers
Island' = 144, 'Rosedale’ = 145, 'Rossville-Woodrow' = 146, 'Rugby-Remsen Village' = 147, 'Schuylerville-Throgs Neck-Edgewater Park' = 148,
'‘Seagate-Coney Island' = 149, 'Sheepshead Bay-Gerritsen Beach-Manhattan Beach' = 150, 'SoHo-TriBeCa-Civic Center-Little ltaly' = 151,
'‘Soundview-Bruckner' = 152, 'Soundview-Castle Hill-Clason Point-Harding Park' = 153, 'South Jamaica' = 154, 'South Ozone Park' = 155,
'Springfield Gardens North' = 156, 'Springfield Gardens South-Brookville' = 157, 'Spuyten Duyvil-Kingsbridge' = 158, 'St. Albans' = 159, 'Stapleton-
Rosebank' = 160, 'Starrett City' = 161, 'Steinway' = 162, 'Stuyvesant Heights' = 163, 'Stuyvesant Town-Cooper Village' = 164, 'Sunset Park East' =
165, 'Sunset Park West' = 166, 'Todt Hill-Emerson Hill-Heartland Village-Lighthouse Hill' = 167, "Turtle Bay-East Midtown' = 168, 'University
Heights-Morris Heights' = 169, 'Upper East Side-Carnegie Hill' = 170, 'Upper West Side' = 171, 'Van Cortlandt Village' = 172, 'Van Nest-Morris
Park-Westchester Square' = 173, 'Washington Heights North' = 174, 'Washington Heights South' = 175, 'West Brighton' = 176, 'West Concourse'
=177, 'West Farms-Bronx River' = 178, 'West New Brighton-New Brighton-St. George' = 179, 'West Village' = 180, 'Westchester-Unionport' = 181,
'Westerleigh' = 182, 'Whitestone' = 183, 'Williamsbridge-Olinville' = 184, 'Williamsburg' = 185, 'Windsor Terrace' = 186, 'Woodhaven' = 187,
'Woodlawn-Wakefield' = 188, 'Woodside' = 189, "Yorkville' = 190, 'park-cemetery-etc-Bronx' = 191, 'park-cemetery-etc-Brooklyn' = 192, 'park-
cemetery-etc-Manhattan' = 193, 'park-cemetery-etc-Queens' = 194, 'park-cemetery-etc-Staten Island' = 195)) AS pickup_ntaname,

toUInt16(ifNull(pickup_puma, '0") AS pickup_puma,

assumeNotNull(dropoff_nyct2010_gid) AS dropoff_nyct2010_gid,

toFloat32(ifNull(dropoff_ctlabel, '0")) AS dropoff_ctlabel,

assumeNotNull(dropoff_borocode) AS dropoff_borocode,

CAST (assumeNotNull(dropoff_boroname) AS Enum8('Manhattan' = 1, '‘Queens' = 4, 'Brooklyn' = 3, " = 0, 'Bronx' = 2, 'Staten Island' = 5)) AS
dropoff_boroname,

toFixedString(ifNull(dropoff_ct2010, '000000'), 6) AS dropoff_ct2010,

toFixedString(ifNull(dropoff_boroct2010, '0000000'), 7) AS dropoff_boroct2010,

CAST (assumeNotNull(ifNull(dropoff_cdeligibil, ' ')) AS Enum8('' = 0, 'E' = 1, 'I' = 2)) AS dropoff_cdeligibil,
toFixedString(ifNull(dropoff_ntacode, '0000'), 4) AS dropoff_ntacode,

CAST (assumeNotNull(dropoff_ntaname) AS Enum16(" = 0, 'Airport' = 1, 'Allerton-Pelham Gardens' = 2, 'Annadale-Huguenot-Prince\'s Bay-
Eltingville' = 3, 'Arden Heights' = 4, 'Astoria’ = 5, 'Auburndale’ = 6, 'Baisley Park' = 7, 'Bath Beach' = 8, 'Battery Park City-Lower Manhattan' = 9,
'‘Bay Ridge' = 10, 'Bayside-Bayside Hills' = 11, '‘Bedford' = 12, 'Bedford Park-Fordham North' = 13, 'Bellerose' = 14, 'Belmont' = 15, 'Bensonhurst
East' = 16, 'Bensonhurst West' = 17, 'Borough Park' = 18, 'Breezy Point-Belle Harbor-Rockaway Park-Broad Channel' = 19, 'Briarwood-Jamaica
Hills' = 20, 'Brighton Beach' = 21, 'Bronxdale’ = 22, 'Brooklyn Heights-Cobble Hill' = 23, 'Brownsville' = 24, 'Bushwick North' = 25, 'Bushwick South'
= 26, 'Cambria Heights' = 27, 'Canarsie' = 28, 'Carroll Gardens-Columbia Street-Red Hook' = 29, 'Central Harlem North-Polo Grounds' = 30,
‘Central Harlem South' = 31, 'Charleston-Richmond Valley-Tottenville' = 32, 'Chinatown' = 33, 'Claremont-Bathgate' = 34, 'Clinton' = 35, 'Clinton
Hill' = 36, 'Co-op City' = 37, 'College Point' = 38, 'Corona’ = 39, 'Crotona Park East' = 40, 'Crown Heights North' = 41, '‘Crown Heights South' = 42,
'‘Cypress Hills-City Line' = 43, 'DUMBO-Vinegar Hill-Downtown Brooklyn-Boerum Hill' = 44, 'Douglas Manor-Douglaston-Little Neck' = 45, 'Dyker
Heights' = 46, 'East Concourse-Concourse Village' = 47, 'East Elmhurst' = 48, 'East Flatbush-Farragut' = 49, 'East Flushing' = 50, 'East Harlem
North' = 51, 'East Harlem South' = 52, 'East New York' = 53, 'East New York (Pennsylvania Ave)' = 54, 'East Tremont' = 55, 'East Village' = 56,
‘East Williamsburg' = 57, 'Eastchester-Edenwald-Baychester' = 58, 'ElImhurst' = 59, 'EImhurst-Maspeth' = 60, 'Erasmus' = 61, 'Far Rockaway-
Bayswater' = 62, 'Flatbush' = 63, 'Flatlands' = 64, 'Flushing' = 65, 'Fordham South' = 66, 'Forest Hills' = 67, 'Fort Greene' = 68, 'Fresh Meadows-
Utopia' = 69, 'Ft. Totten-Bay Terrace-Clearview' = 70, 'Georgetown-Marine Park-Bergen Beach-Mill Basin' = 71, 'Glen Oaks-Floral Park-New Hyde
Park' = 72, 'Glendale' = 73, 'Gramercy' = 74, 'Grasmere-Arrochar-Ft. Wadsworth' = 75, 'Gravesend' = 76, 'Great Kills' = 77, 'Greenpoint' = 78,
'Grymes Hill-Clifton-Fox Hills' = 79, 'Hamilton Heights' = 80, 'Hammels-Arverne-Edgemere' = 81, 'Highbridge' = 82, 'Hollis' = 83, 'Homecrest' = 84,
'Hudson Yards-Chelsea-Flatiron-Union Square' = 85, 'Hunters Point-Sunnyside-West Maspeth' = 86, 'Hunts Point' = 87, 'Jackson Heights' = 88,
‘Jamaica’ = 89, 'Jamaica Estates-Holliswood' = 90, 'Kensington-Ocean Parkway' = 91, 'Kew Gardens' = 92, 'Kew Gardens Hills' = 93, 'Kingsbridge
Heights' = 94, 'Laurelton’ = 95, 'Lenox Hill-Roosevelt Island’ = 96, 'Lincoln Square' = 97, 'Lindenwood-Howard Beach' = 98, 'Longwood' = 99,
‘Lower East Side' = 100, 'Madison' = 101, 'Manhattanville' = 102, 'Marble Hill-lInwood' = 103, 'Mariner\'s Harbor-Arlington-Port Ivory-Graniteville' =
104, 'Maspeth' = 105, 'Melrose South-Mott Haven North' = 106, 'Middle Village' = 107, 'Midtown-Midtown South' = 108, 'Midwood' = 109,
'Morningside Heights' = 110, 'Morrisania-Melrose' = 111, 'Mott Haven-Port Morris' = 112, 'Mount Hope' = 113, 'Murray Hill' = 114, 'Murray Hill-Kips
Bay' = 115, 'New Brighton-Silver Lake' = 116, 'New Dorp-Midland Beach' = 117, 'New Springville-Bloomfield-Travis' = 118, 'North Corona' = 119,
'‘North Riverdale-Fieldston-Riverdale' = 120, 'North Side-South Side' = 121, 'Norwood' = 122, 'Oakland Gardens' = 123, 'Oakwood-Oakwood
Beach' = 124, 'Ocean Hill' = 125, 'Ocean Parkway South' = 126, 'Old Astoria' = 127, 'Old Town-Dongan Hills-South Beach' = 128, 'Ozone Park' =
129, 'Park Slope-Gowanus' = 130, 'Parkchester' = 131, 'Pelham Bay-Country Club-City Island' = 132, 'Pelham Parkway' = 133, 'Pomonok-Flushing
Heights-Hillcrest' = 134, 'Port Richmond' = 135, 'Prospect Heights' = 136, 'Prospect Lefferts Gardens-Wingate' = 137, 'Queens Village' = 138,
'‘Queensboro Hill' = 139, '‘Queensbridge-Ravenswood-Long Island City' = 140, 'Rego Park' = 141, 'Richmond Hill' = 142, 'Ridgewood' = 143, 'Rikers
Island' = 144, 'Rosedale' = 145, 'Rossville-Woodrow' = 146, 'Rugby-Remsen Village' = 147, 'Schuylerville-Throgs Neck-Edgewater Park' = 148,
'Seagate-Coney Island' = 149, 'Sheepshead Bay-Gerritsen Beach-Manhattan Beach' = 150, 'SoHo-TriBeCa-Civic Center-Little Italy' = 151,
'Soundview-Bruckner' = 152, 'Soundview-Castle Hill-Clason Point-Harding Park' = 153, 'South Jamaica' = 154, 'South Ozone Park' = 155,
'Springfield Gardens North' = 156, 'Springfield Gardens South-Brookville' = 157, 'Spuyten Duyvil-Kingsbridge' = 158, 'St. Albans' = 159, 'Stapleton-
Rosebank' = 160, 'Starrett City' = 161, 'Steinway' = 162, 'Stuyvesant Heights' = 163, 'Stuyvesant Town-Cooper Village' = 164, 'Sunset Park East' =
165, 'Sunset Park West' = 166, 'Todt Hill-Emerson Hill-Heartland Village-Lighthouse Hill' = 167, 'Turtle Bay-East Midtown' = 168, 'University
Heights-Morris Heights' = 169, 'Upper East Side-Carnegie Hill' = 170, 'Upper West Side' = 171, 'Van Cortlandt Village' = 172, 'Van Nest-Morris
Park-Westchester Square' = 173, 'Washington Heights North' = 174, 'Washington Heights South' = 175, '"West Brighton' = 176, 'West Concourse'
=177, 'West Farms-Bronx River' = 178, 'West New Brighton-New Brighton-St. George' = 179, 'West Village' = 180, 'Westchester-Unionport' = 181,
'Westerleigh' = 182, 'Whitestone' = 183, 'Williamsbridge-Olinville' = 184, 'Williamsburg' = 185, 'Windsor Terrace' = 186, 'Woodhaven' = 187,
‘Woodlawn-Wakefield' = 188, 'Woodside' = 189, 'Yorkville' = 190, 'park-cemetery-etc-Bronx' = 191, 'park-cemetery-etc-Brooklyn' = 192, 'park-
cemeterv-etc-Manhattan' = 193. 'nark-cemeterv-etc-Queens' = 194. 'nark-cemeterv-etc-Staten Island' = 195)) AS droooff ntaname.



toUInt16(ifNull(dropoff_puma, '0')) AS dropoff_puma

FROM trips

XFEE3030% |, BEL EF428,0001T, EMPHERE , FICAER Log 5IZEE ' MergeTree 5| ZREIBR, EXMER
T, FTHIZEEBZ200%,

NREZ(EA126GBRIRE =8,

Ki

:) SELECT formatReadableSize(sum(bytes)) FROM system.parts WHERE table = 'trips_mergetree' AND active

SELECT formatReadableSize(sum(bytes))
FROM system.parts
WHERE (table = 'trips_mergetree') AND active

—formatReadableSize(sum(bytes))—
| 126.18 GiB |
|

BRUEZ S , fREF]LATEMergeTree EIZ{TOPTIMIZEE R # T, EXAREMEY , EREEEEEHITRILHBERLT
EMNRIARARRIFN,

BHERSB[BTITER

Q1:

SELECT cab_type, count(*) FROM trips_mergetree GROUP BY cab_type

0.490 seconds.

Q2:
SELECT passenger_count, avg(total_amount) FROM trips_mergetree GROUP BY passenger_count

1.224 seconds.

Q3:
SELECT passenger_count, toYear(pickup_date) AS year, count(*) FROM trips_mergetree GROUP BY passenger_count, year

2.104 seconds.

Q4.

SELECT passenger_count, toYear(pickup_date) AS year, round(trip_distance) AS distance, count(*)
FROM trips_mergetree

GROUP BY passenger_count, year, distance

ORDER BY year, count(*) DESC

3.593 seconds.
HIERANRMN TEREEMRS S -
Two Intel(R) Xeon(R) CPU E5-2650 v2 @ 2.60GHz, 16 physical kernels total,128 GiB RAM,8x6 TB HD on hardware RAID-5

AITHHE R ZREITHRIFNE , BERNBREBALR , ERMHAXERENEFPIZINEE, ENESXIZEFL
EBERNME#HITET.
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CREATE TABLE default.trips_mergetree_third ( trip_id UInt32, vendor_id Enum8('1' = 1, '2' = 2, 'CMT' = 3, 'VTS' = 4, 'DDS' = 5, 'B02512' = 10,
'B02598' = 11, 'B02617' = 12, 'B02682' = 13, 'B02764' = 14), pickup_date Date, pickup_datetime DateTime, dropoff_date Date, dropoff_datetime
DateTime, store_and_fwd_flag UInt8, rate_code_id UInt8, pickup_longitude Float64, pickup_latitude Float64, dropoff_longitude Float64,
dropoff_latitude Float64, passenger_count UInt8, trip_distance Float64, fare_amount Float32, extra Float32, mta_tax Float32, tip_amount Float32,
tolls_amount Float32, ehail_fee Float32, improvement_surcharge Float32, total_amount Float32, payment_type_ Enum8('UNK' =0, 'CSH' =1,
'CRE' =2, 'NOC' = 3, 'DIS' = 4), trip_type UInt8, pickup FixedString(25), dropoff FixedString(25), cab_type Enum8('yellow' = 1, 'green' = 2, 'uber' =
3), pickup_nyct2010_gid UInt8, pickup_ctlabel Float32, pickup_borocode UInt8, pickup_boroname Enum8(" = 0, 'Manhattan' = 1, 'Bronx' = 2,
'‘Brooklyn' = 3, 'Queens' = 4, 'Staten Island' = 5), pickup_ct2010 FixedString(6), pickup_boroct2010 FixedString(7), pickup_cdeligibil Enum8(' ' = 0,
'E'=1,"l'= 2), pickup_ntacode FixedString(4), pickup_ntaname Enum16(" = 0, 'Airport' = 1, 'Allerton-Pelham Gardens' = 2, 'Annadale-Huguenot-
Prince\'s Bay-Eltingville' = 3, 'Arden Heights' = 4, 'Astoria’ = 5, 'Auburndale’ = 6, 'Baisley Park' = 7, 'Bath Beach' = 8, 'Battery Park City-Lower
Manhattan' = 9, 'Bay Ridge' = 10, 'Bayside-Bayside Hills' = 11, 'Bedford' = 12, 'Bedford Park-Fordham North' = 13, 'Bellerose' = 14, 'Belmont' = 15,
'‘Bensonhurst East' = 16, 'Bensonhurst West' = 17, 'Borough Park' = 18, 'Breezy Point-Belle Harbor-Rockaway Park-Broad Channel' = 19,
‘Briarwood-Jamaica Hills' = 20, '‘Brighton Beach' = 21, 'Bronxdale' = 22, 'Brooklyn Heights-Cobble Hill' = 23, 'Brownsville' = 24, 'Bushwick North' =
25, 'Bushwick South' = 26, 'Cambria Heights' = 27, 'Canarsie' = 28, 'Carroll Gardens-Columbia Street-Red Hook' = 29, 'Central Harlem North-Polo
Grounds' = 30, 'Central Harlem South' = 31, 'Charleston-Richmond Valley-Tottenville' = 32, 'Chinatown' = 33, 'Claremont-Bathgate' = 34, 'Clinton' =
35, 'Clinton Hill' = 36, 'Co-op City' = 37, 'College Point' = 38, 'Corona’ = 39, 'Crotona Park East' = 40, 'Crown Heights North' = 41, 'Crown Heights
South' = 42, 'Cypress Hills-City Line' = 43, 'DUMBO-Vinegar Hill-Downtown Brooklyn-Boerum Hill' = 44, 'Douglas Manor-Douglaston-Little Neck' =
45, 'Dyker Heights' = 46, 'East Concourse-Concourse Village' = 47, 'East Elmhurst' = 48, 'East Flatbush-Farragut' = 49, 'East Flushing' = 50, 'East
Harlem North' = 51, 'East Harlem South' = 52, 'East New York' = 53, 'East New York (Pennsylvania Ave)' = 54, 'East Tremont' = 55, 'East Village'
= 56, 'East Williamsburg' = 57, 'Eastchester-Edenwald-Baychester' = 58, 'EImhurst’ = 59, 'Elmhurst-Maspeth’ = 60, 'Erasmus' = 61, 'Far
Rockaway-Bayswater' = 62, 'Flatbush' = 63, 'Flatlands' = 64, 'Flushing' = 65, 'Fordham South' = 66, 'Forest Hills' = 67, 'Fort Greene' = 68, 'Fresh
Meadows-Utopia' = 69, 'Ft. Totten-Bay Terrace-Clearview' = 70, 'Georgetown-Marine Park-Bergen Beach-Mill Basin' = 71, 'Glen Oaks-Floral Park-
New Hyde Park' = 72, 'Glendale' = 73, 'Gramercy' = 74, 'Grasmere-Arrochar-Ft. Wadsworth' = 75, 'Gravesend' = 76, 'Great Kills' = 77, 'Greenpoint’
= 78, 'Grymes Hill-Clifton-Fox Hills' = 79, 'Hamilton Heights' = 80, 'Hammels-Arverne-Edgemere' = 81, 'Highbridge' = 82, 'Hollis' = 83, 'Homecrest'
= 84, 'Hudson Yards-Chelsea-Flatiron-Union Square' = 85, 'Hunters Point-Sunnyside-West Maspeth' = 86, 'Hunts Point' = 87, 'Jackson Heights' =
88, 'Jamaica' = 89, 'Jamaica Estates-Holliswood' = 90, 'Kensington-Ocean Parkway' = 91, 'Kew Gardens' = 92, 'Kew Gardens Hills' = 93,
'Kingsbridge Heights' = 94, 'Laurelton' = 95, 'Lenox Hill-Roosevelt Island’ = 96, 'Lincoln Square' = 97, 'Lindenwood-Howard Beach' = 98,
‘Longwood' = 99, 'Lower East Side' = 100, 'Madison' = 101, 'Manhattanville' = 102, 'Marble Hill-Inwood' = 103, 'Mariner\'s Harbor-Arlington-Port
Ivory-Graniteville' = 104, 'Maspeth' = 105, 'Melrose South-Mott Haven North' = 106, 'Middle Village' = 107, 'Midtown-Midtown South' = 108,
‘Midwood' = 109, 'Morningside Heights' = 110, 'Morrisania-Melrose' = 111, 'Mott Haven-Port Morris' = 112, 'Mount Hope' = 113, 'Murray Hill' = 114,
'‘Murray Hill-Kips Bay' = 115, 'New Brighton-Silver Lake' = 116, 'New Dorp-Midland Beach' = 117, 'New Springville-Bloomfield-Travis' = 118, 'North
Corona' = 119, 'North Riverdale-Fieldston-Riverdale' = 120, 'North Side-South Side' = 121, 'Norwood' = 122, 'Oakland Gardens' = 123, 'Oakwood-
Oakwood Beach' = 124, 'Ocean Hill' = 125, 'Ocean Parkway South' = 126, 'Old Astoria’' = 127, 'Old Town-Dongan Hills-South Beach' = 128, 'Ozone
Park' = 129, 'Park Slope-Gowanus' = 130, 'Parkchester' = 131, 'Pelham Bay-Country Club-City Island' = 132, 'Pelham Parkway' = 133, 'Pomonok-
Flushing Heights-Hillcrest' = 134, 'Port Richmond' = 135, 'Prospect Heights' = 136, 'Prospect Lefferts Gardens-Wingate' = 137, 'Queens Village' =
138, 'Queensboro Hill' = 139, 'Queensbridge-Ravenswood-Long Island City' = 140, 'Rego Park' = 141, 'Richmond Hill' = 142, 'Ridgewood' = 143,
'Rikers Island' = 144, 'Rosedale' = 145, 'Rossville-Woodrow' = 146, 'Rugby-Remsen Village' = 147, 'Schuylerville-Throgs Neck-Edgewater Park' =
148, 'Seagate-Coney Island' = 149, 'Sheepshead Bay-Gerritsen Beach-Manhattan Beach' = 150, 'SoHo-TriBeCa-Civic Center-Little Italy' = 151,
'Soundview-Bruckner' = 152, 'Soundview-Castle Hill-Clason Point-Harding Park' = 153, 'South Jamaica' = 154, 'South Ozone Park' = 155,
'Springfield Gardens North' = 156, 'Springfield Gardens South-Brookville' = 157, 'Spuyten Duyvil-Kingsbridge' = 158, 'St. Albans' = 159, 'Stapleton-
Rosebank' = 160, 'Starrett City' = 161, 'Steinway' = 162, 'Stuyvesant Heights' = 163, 'Stuyvesant Town-Cooper Village' = 164, 'Sunset Park East' =
165, 'Sunset Park West' = 166, 'Todt Hill-Emerson Hill-Heartland Village-Lighthouse Hill' = 167, 'Turtle Bay-East Midtown' = 168, 'University
Heights-Morris Heights' = 169, 'Upper East Side-Carnegie Hill' = 170, 'Upper West Side' = 171, 'Van Cortlandt Village' = 172, 'Van Nest-Morris
Park-Westchester Square' = 173, 'Washington Heights North' = 174, 'Washington Heights South' = 175, 'West Brighton' = 176, 'West Concourse'
=177, 'West Farms-Bronx River' = 178, 'West New Brighton-New Brighton-St. George' = 179, 'West Village' = 180, 'Westchester-Unionport' = 181,
'Westerleigh' = 182, 'Whitestone' = 183, 'Williamsbridge-Olinville' = 184, 'Williamsburg' = 185, 'Windsor Terrace' = 186, 'Woodhaven' = 187,
‘Woodlawn-Wakefield' = 188, 'Woodside' = 189, 'Yorkville' = 190, 'park-cemetery-etc-Bronx' = 191, 'park-cemetery-etc-Brooklyn' = 192, 'park-
cemetery-etc-Manhattan' = 193, 'park-cemetery-etc-Queens' = 194, 'park-cemetery-etc-Staten Island' = 195), pickup_puma UlInt16,
dropoff_nyct2010_gid UInt8, dropoff_ctlabel Float32, dropoff_borocode UInt8, dropoff_boroname Enum8(" = 0, 'Manhattan' = 1, 'Bronx' = 2,
'‘Brooklyn' = 3, '‘Queens' = 4, 'Staten Island' = 5), dropoff_ct2010 FixedString(6), dropoff_boroct2010 FixedString(7), dropoff_cdeligibil Enum8(' ' =
0,'E'=1,'l' = 2), dropoff_ntacode FixedString(4), dropoff_ntaname Enum16(" = 0, 'Airport' = 1, 'Allerton-Pelham Gardens' = 2, 'Annadale-
Huguenot-Prince\'s Bay-Eltingville' = 3, 'Arden Heights' = 4, 'Astoria’ = 5, 'Auburndale’ = 6, 'Baisley Park' = 7, 'Bath Beach' = 8, 'Battery Park City-
Lower Manhattan' = 9, 'Bay Ridge' = 10, 'Bayside-Bayside Hills' = 11, 'Bedford' = 12, 'Bedford Park-Fordham North' = 13, 'Bellerose' = 14,
‘Belmont' = 15, 'Bensonhurst East' = 16, 'Bensonhurst West' = 17, 'Borough Park' = 18, '‘Breezy Point-Belle Harbor-Rockaway Park-Broad
Channel' = 19, 'Briarwood-Jamaica Hills' = 20, 'Brighton Beach' = 21, 'Bronxdale' = 22, 'Brooklyn Heights-Cobble Hill' = 23, '‘Brownsville' = 24,
'‘Bushwick North' = 25, 'Bushwick South' = 26, 'Cambria Heights' = 27, 'Canarsie’ = 28, 'Carroll Gardens-Columbia Street-Red Hook' = 29, 'Central
Harlem North-Polo Grounds' = 30, 'Central Harlem South' = 31, 'Charleston-Richmond Valley-Tottenville' = 32, 'Chinatown' = 33, 'Claremont-
Bathgate' = 34, 'Clinton' = 35, 'Clinton Hill' = 36, 'Co-op City' = 37, 'College Point' = 38, 'Corona’ = 39, 'Crotona Park East' = 40, 'Crown Heights
North' = 41, 'Crown Heights South' = 42, 'Cypress Hills-City Line' = 43, 'DUMBO-Vinegar Hill-Downtown Brooklyn-Boerum Hill' = 44, 'Douglas
Manor-Douglaston-Little Neck' = 45, 'Dyker Heights' = 46, 'East Concourse-Concourse Village' = 47, 'East Elmhurst' = 48, 'East Flatbush-Farragut'
=49, 'East Flushing' = 50, 'East Harlem North' = 51, 'East Harlem South' = 52, 'East New York' = 53, 'East New York (Pennsylvania Ave)' = 54,
‘East Tremont' = 55, 'East Village' = 56, 'East Williamsburg' = 57, 'Eastchester-Edenwald-Baychester' = 58, 'Elmhurst' = 59, 'Elmhurst-Maspeth' =
60, 'Erasmus’' = 61, 'Far Rockaway-Bayswater' = 62, 'Flatbush' = 63, 'Flatlands' = 64, 'Flushing' = 65, 'Fordham South' = 66, 'Forest Hills' = 67,
'Fort Greene' = 68, 'Fresh Meadows-Utopia' = 69, 'Ft. Totten-Bay Terrace-Clearview' = 70, 'Georgetown-Marine Park-Bergen Beach-Mill Basin' =
71, 'Glen Oaks-Floral Park-New Hyde Park' = 72, 'Glendale' = 73, 'Gramercy' = 74, 'Grasmere-Arrochar-Ft. Wadsworth' = 75, 'Gravesend' = 76,
'Great Kills' = 77, 'Greenpoint' = 78, 'Grymes Hill-Clifton-Fox Hills' = 79, 'Hamilton Heights' = 80, 'Hammels-Arverne-Edgemere' = 81, 'Highbridge'
= 82, 'Hollis' = 83, 'Homecrest' = 84, 'Hudson Yards-Chelsea-Flatiron-Union Square' = 85, 'Hunters Point-Sunnyside-West Maspeth' = 86, 'Hunts
Point' = 87, 'Jackson Heights' = 88, 'Jamaica’ = 89, 'Jamaica Estates-Holliswood' = 90, 'Kensington-Ocean Parkway' = 91, 'Kew Gardens' = 92,
'Kew Gardens Hills' = 93, 'Kingsbridge Heights' = 94, 'Laurelton' = 95, 'Lenox Hill-Roosevelt Island' = 96, 'Lincoln Square' = 97, 'Lindenwood-
Howard Beach' = 98, 'Longwood' = 99, 'Lower East Side' = 100, 'Madison' = 101, 'Manhattanville' = 102, 'Marble Hill-Inwood' = 103, 'Mariner\'s



Harbor-Arlington-Port Ivory-Graniteville' = 104, 'Maspeth' = 105, 'Melrose South-Mott Haven North' = 106, 'Middle Village' = 107, 'Midtown-Midtown
South' = 108, 'Midwood' = 109, 'Morningside Heights' = 110, 'Morrisania-Melrose' = 111, 'Mott Haven-Port Morris' = 112, 'Mount Hope' = 113,
‘Murray Hill' = 114, 'Murray Hill-Kips Bay' = 115, 'New Brighton-Silver Lake' = 116, 'New Dorp-Midland Beach' = 117, 'New Springville-Bloomfield-
Travis' = 118, 'North Corona' = 119, 'North Riverdale-Fieldston-Riverdale' = 120, 'North Side-South Side' = 121, 'Norwood' = 122, 'Oakland
Gardens' = 123, 'Oakwood-Oakwood Beach' = 124, 'Ocean Hill' = 125, 'Ocean Parkway South' = 126, 'Old Astoria' = 127, 'Old Town-Dongan Hills-
South Beach' = 128, 'Ozone Park' = 129, 'Park Slope-Gowanus' = 130, 'Parkchester' = 131, 'Pelham Bay-Country Club-City Island' = 132, 'Pelham
Parkway' = 133, 'Pomonok-Flushing Heights-Hillcrest' = 134, 'Port Richmond' = 135, 'Prospect Heights' = 136, 'Prospect Lefferts Gardens-
Wingate' = 137, 'Queens Village' = 138, 'Queensboro Hill' = 139, 'Queensbridge-Ravenswood-Long Island City' = 140, 'Rego Park' = 141,
‘Richmond Hill' = 142, 'Ridgewood' = 143, 'Rikers Island' = 144, 'Rosedale’ = 145, 'Rossville-Woodrow' = 146, 'Rugby-Remsen Village' = 147,
'Schuylerville-Throgs Neck-Edgewater Park' = 148, 'Seagate-Coney Island' = 149, 'Sheepshead Bay-Gerritsen Beach-Manhattan Beach' = 150,
'SoHo-TriBeCa-Civic Center-Little Italy' = 151, 'Soundview-Bruckner' = 152, 'Soundview-Castle Hill-Clason Point-Harding Park' = 153, 'South
Jamaica' = 154, 'South Ozone Park' = 155, 'Springfield Gardens North' = 156, 'Springfield Gardens South-Brookville' = 157, 'Spuyten Duyvil-
Kingsbridge' = 158, 'St. Albans' = 159, 'Stapleton-Rosebank' = 160, 'Starrett City' = 161, 'Steinway' = 162, 'Stuyvesant Heights' = 163, 'Stuyvesant
Town-Cooper Village' = 164, 'Sunset Park East' = 165, 'Sunset Park West' = 166, 'Todt Hill-Emerson Hill-Heartland Village-Lighthouse Hill' = 167,
‘Turtle Bay-East Midtown' = 168, 'University Heights-Morris Heights' = 169, 'Upper East Side-Carnegie Hill' = 170, 'Upper West Side' = 171, 'Van
Cortlandt Village' = 172, 'Van Nest-Morris Park-Westchester Square' = 173, 'Washington Heights North' = 174, 'Washington Heights South’ = 175,
‘West Brighton' = 176, "West Concourse' = 177, 'West Farms-Bronx River' = 178, 'West New Brighton-New Brighton-St. George' = 179, 'West
Village' = 180, 'Westchester-Unionport' = 181, 'Westerleigh' = 182, 'Whitestone' = 183, 'Williamsbridge-Olinville' = 184, 'Williamsburg' = 185,
‘Windsor Terrace' = 186, 'Woodhaven' = 187, 'Woodlawn-Wakefield' = 188, 'Woodside' = 189, "Yorkville' = 190, 'park-cemetery-etc-Bronx' = 191,
‘park-cemetery-etc-Brooklyn' = 192, 'park-cemetery-etc-Manhattan' = 193, 'park-cemetery-etc-Queens' = 194, 'park-cemetery-etc-Staten Island' =
195), dropoff_puma UInt16) ENGINE = MergeTree(pickup_date, pickup_datetime, 8192)

FEZRIARSS BEHPEBIT ¢
CREATE TABLE trips_mergetree_x3 AS trips_mergetree_third ENGINE = Distributed(perftest, default, trips_mergetree_third, rand())
ST TEREHRSHRIE
INSERT INTO trips_mergetree_x3 SELECT * FROM trips_mergetree
XN ERFEEIEIT2454F),
E=aRSBEHTIEITIG
Q1:0.212 seconds. Q2: 0.438 seconds. Q3: 0.733 seconds. Q4: 1.241 seconds.
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Q1:0.028 sec. Q2: 0.043 sec. Q3: 0.051 sec. Q4: 0.072 sec.
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servers (o) Q2 Q3 Q4
1 0.490 1.224 2.104 3.593
3 0.212 0.438 0.733 1.241
140 0.028 0.043 0.051 0.072
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sudo apt-get install s3cmd

mkdir tiny; cd tiny;

s3cmd sync s3://big-data-benchmark/pavlo/text-deflate/tiny/ .

cd ..

mkdir 1node; cd 1node;

s3cmd sync s3://big-data-benchmark/pavlo/text-deflate/1node/ .
cd ..

mkdir 5nodes; cd 5nodes;

s3cmd sync s3://big-data-benchmark/pavlo/text-deflate/5nodes/ .
cd ..

7EClickHouseiz{TaN F&if :


https://aws.amazon.com
https://console.aws.amazon.com/iam/home?nc2=h_m_sc#security_credential

CREATE TABLE rankings_tiny
(
pageURL String,
pageRank UInt32,
avgDuration UInt32
) ENGINE = Log;

CREATE TABLE uservisits_tiny
(
sourcelP String,
destinationURL String,
visitDate Date,
adRevenue Float32,
UserAgent String,
cCode FixedString(3),
ICode FixedString(6),
searchWord String,
duration UInt32
) ENGINE = MergeTree(visitDate, visitDate, 8192);

CREATE TABLE rankings_1node
(

pageURL String,

pageRank UInt32,

avgDuration UInt32
) ENGINE = Log;

CREATE TABLE uservisits_1node
(
sourcelP String,
destinationURL String,
visitDate Date,
adRevenue Float32,
UserAgent String,
cCode FixedString(3),
ICode FixedString(6),
searchWord String,
duration UInt32
) ENGINE = MergeTree(visitDate, visitDate, 8192);

CREATE TABLE rankings_5nodes_on_single
(

pageURL String,

pageRank UInt32,

avgDuration UInt32
) ENGINE = Log;

CREATE TABLE uservisits_5nodes_on_single
(

sourcelP String,

destinationURL String,

visitDate Date,

adRevenue Float32,

UserAgent String,

cCode FixedString(3),

ICode FixedString(6),

searchWord String,

duration UInt32
) ENGINE = MergeTree(visitDate, visitDate, 8192);

EEEFRI BTN TGS



for i in tiny/rankings/*.deflate; do echo $i; zlib-flate -uncompress < $i | clickhouse-client --host=example-perftest01j --query="INSERT INTO
rankings_tiny FORMAT CSV"; done

for i in tiny/uservisits/*.deflate; do echo $i; zlib-flate -uncompress < $i | clickhouse-client --host=example-perftest01j --query="INSERT INTO
uservisits_tiny FORMAT CSV"; done

for i in 1node/rankings/*.deflate; do echo $i; zlib-flate -uncompress < $i | clickhouse-client --host=example-perftest01j --query="INSERT INTO
rankings_1node FORMAT CSV"; done

for i in 1node/uservisits/*.deflate; do echo $i; zlib-flate -uncompress < $i | clickhouse-client --host=example-perftest01j --query="INSERT INTO
uservisits_1node FORMAT CSV"; done

for i in 5nodes/rankings/*.deflate; do echo $i; zlib-flate -uncompress < $i | clickhouse-client --host=example-perftest01j --query="INSERT INTO
rankings_5nodes_on_single FORMAT CSV"; done

for i in Snodes/uservisits/*.deflate; do echo $i; zlib-flate -uncompress < $i | clickhouse-client --host=example-perftest01]j --query="INSERT INTO
uservisits_5nodes_on_single FORMAT CSV"; done

ERMERRA

SELECT pageURL, pageRank FROM rankings_1node WHERE pageRank > 1000
SELECT substring(sourcelP, 1, 8), sum(adRevenue) FROM uservisits_1node GROUP BY substring(sourcelP, 1, 8)

SELECT
sourcelP,
sum(adRevenue) AS totalRevenue,
avg(pageRank) AS pageRank
FROM rankings_1node ALL INNER JOIN
(
SELECT
sourcelP,
destinationURL AS pageURL,
adRevenue
FROM uservisits_1node
WHERE (visitDate > '1980-01-01') AND (visitDate < '1980-04-01")
) USING pageURL
GROUP BY sourcelP
ORDER BY totalRevenue DESC
LIMIT 1

HEHI0ENIE
&% http://dumps.wikimedia.org/other/pagecounts-raw/
BlIEREM .

CREATE TABLE wikistat
(
date Date,
time DateTime,
project String,
subproject String,
path String,
hits UInt64,
size UInt64
) ENGINE = MergeTree(date, (path, time), 8192);

INELERIE

for i in {2007..2016}; do for j in {01..12}; do echo $i-$j >&2; curl -sSL "http://dumps.wikimedia.org/other/pagecounts-raw/$i/$i-$j/" | grep -oE
‘pagecounts-[0-9]+-[0-9]+\.gz'; done; done | sort | uniq | tee links.txt

cat links.txt | while read link; do wget http://dumps.wikimedia.org/other/pagecounts-raw/$(echo $link | sed -r 's/pagecounts-([0-9]{4})([0-9]{2})[0-9]
{2}-[0-9]+\.gz\1/)/$(echo $link | sed -r 's/pagecounts-([0-9]{4})([0-9]{2})[0-9]{2}-[0-9]+\.gz/\1-\2/')/$link; done

Is -1 /opt/wikistat/ | grep gz | while read i; do echo $i; gzip -cd /opt/wikistat/$i | ./wikistat-loader --time="$(echo -n $i | sed -r 's/pagecounts-([0-9]{4})
([0-9]{2})([0-9]{2})-([0-9]{2})([0-9]{2})([0-9]{2})\.gz/\1-\2-\3 \4-00-00/")" | clickhouse-client --query="INSERT INTO wikistat FORMAT TabSeparated";
done


http://dumps.wikimedia.org/other/pagecounts-raw/

Criteo TBR B = EHEHE
a] BAMhttp://labs.criteo.com/downloads/download-terabyte-click-logs/_E T £ Z&

BIRRIA BRI AR EEH

CREATE TABLE criteo_log (date Date, clicked UInt8, int1 Int32, int2 Int32, int3 Int32, int4 Int32, int5 Int32, int6 Int32, int7 Int32, int8 Int32, int9
Int32, int10 Int32, int11 Int32, int12 Int32, int13 Int32, cat1 String, cat2 String, cat3 String, cat4 String, cats String, caté String, cat7 String, cat8
String, cat9 String, cat10 String, cat11 String, cat12 String, cat13 String, cat14 String, cat15 String, cat16 String, cat17 String, cat18 String,
cat19 String, cat20 String, cat21 String, cat22 String, cat23 String, cat24 String, cat25 String, cat26 String) ENGINE = Log

TEEE

for i in {00..23}; do echo $i; zcat datasets/criteo/day_${i#0}.gz | sed -r 's/*/2000-01-'${i/00/24}"\t/' | clickhouse-client --host=example-perftest01] --
query="INSERT INTO criteo_log FORMAT TabSeparated"; done

BRI E BRI R AR L5

CREATE TABLE criteo

(
date Date,
clicked UInt8,
int1 Int32,
int2 Int32,
int3 Int32,
int4 Int32,
int5 Int32,
int6 Int32,
int7 Int32,
int8 Int32,
int9 Int32,
int10 Int32,
int11 Int32,
int12 Int32,
int13 Int32,
icat1 UInt32,
icat2 UInt32,
icat3 UInt32,
icat4 UInt32,
icats UInt32,
icaté UInt32,
icat7 UInt32,
icat8 UInt32,
icat9 UInt32,
icat10 UInt32,
icat11 Ulnt32,
icat12 Ulnt32,
icat13 UInt32,
icat14 UInt32,
icat15 UInt32,
icat16 UlInt32,
icat17 Ulnt32,
icat18 UInt32,
icat19 UInt32,
icat20 UInt32,
icat21 UlInt32,
icat22 UInt32,
icat23 UInt32,
icat24 UInt32,
icat25 UInt32,
icat26 UInt32

) ENGINE = MergeTree(date, intHash32(icat1), (date, intHash32(icat1)), 8192)

R —IKRANRE BRI LB ARE ZkRP X .


http://labs.criteo.com/downloads/download-terabyte-click-logs/

INSERT INTO criteo SELECT date, clicked, int1, int2, int3, int4, int5, int6, int7, int8, int9, int10, int11, int12, int13,

reinterpretAsUInt32(unhex(cat1)) AS icat1, reinterpretAsUInt32(unhex(cat2)) AS icat2, reinterpretAsUInt32(unhex(cat3

AS icat3,

)
reinterpretAsUInt32(unhex(cat4)) AS icat4, reinterpretAsUInt32(unhex(cat5)) AS icat5, reinterpretAsUInt32(unhex(cat6)) AS icat6,
)

reinterpretAsUInt32(unhex(cat7)) AS icat7, reinterpretAsUInt32(unhex(cat8)) AS icat8, reinterpretAsUInt32(unhex(cat9

reinterpretAsUInt32(unhex(cat10)) AS icat10, reinterpretAsUInt32(unhex(cat11))

reinterpretAsUInt32
reinterpretAsUInt32

unhex
unhex

cat13
cat16

reinterpretAsUInt32(unhex(cat19
reinterpretAsUInt32(unhex(cat22
reinterpretAsUInt32(unhex(cat25

(
(
(
(
(
(
(
(

DROP TABLE criteo_log;

(
(
(
(
(
(
(
(

)
)
)
)
)
)

)
)
)
)
)

AS icat13, reinterpretAsUInt32(unhex(cat14))
AS icat16, reinterpretAsUInt32(unhex(cat17))
AS icat19, reinterpretAsUInt32(unhex(cat20))
AS icat22, reinterpretAsUInt32(unhex(cat23))
AS icat25, reinterpretAsUInt32(unhex(cat26))

Star Schema Benchmark

Compiling dbgen:

git clone git@github.com:vadimtk/ssb-dbgen.git
cd ssb-dbgen

make

Generating data:

./dbgen
./dbgen
./dbgen
./dbgen
./dbgen

-s 1000 -T ¢
-s 1000 -T |
-s 1000 -T p
-s 1000 -T s
-s 1000 -Td

Creating tables in ClickHouse:

AS icat9,

AS icat11, reinterpretAsUInt32(unhex(cat12)) AS icat12,
AS icat14, reinterpretAsUInt32(unhex(cat15)) AS icat15,
AS icat17, reinterpretAsUInt32(unhex(cat18)) AS icat18,
AS icat20, reinterpretAsUInt32(unhex(cat21)) AS icat21,
AS icat23, reinterpretAsUInt32(unhex(cat24)) AS icat24,
AS icat26 FROM criteo_log;

T = 2



CREATE TABLE customer

(
C_CUSTKEY UInt32,
C_NAME String,
C_ADDRESS String,
C_CITY LowCardinality(String),
C_NATION LowCardinality(String),
C_REGION LowCardinality(String),
C_PHONE String,
C_MKTSEGMENT  LowCardinality(String)

)
ENGINE = MergeTree ORDER BY (C_CUSTKEY);

CREATE TABLE lineorder
(

LO_ORDERKEY Uint32,
LO_LINENUMBER UlInt8,
LO_CUSTKEY Uint32,
LO_PARTKEY UInt32,
LO_SUPPKEY Uint32,
LO_ORDERDATE Date,

LO_ORDERPRIORITY LowCardinality(String),
LO_SHIPPRIORITY Uint8,

LO_QUANTITY Uint8,
LO_EXTENDEDPRICE Uint32,
LO_ORDTOTALPRICE Uint32,

LO_DISCOUNT UInt8,

LO_REVENUE UInt32,
LO_SUPPLYCOST Uint32,

LO_TAX Uint8,

LO_COMMITDATE Date,
LO_SHIPMODE LowCardinality(String)

)
ENGINE = MergeTree PARTITION BY toYear(LO_ORDERDATE) ORDER BY (LO_ORDERDATE, LO_ORDERKEY);

CREATE TABLE part

(
P_PARTKEY UInt32,
P_NAME String,
P_MFGR LowCardinality(String),
P_CATEGORY  LowCardinality(String),
P_BRAND LowCardinality(String),
P_COLOR LowCardinality(String),
PEINRE LowCardinality(String),
P_SIZE Uint8,
P_CONTAINER LowCardinality(String)

)
ENGINE = MergeTree ORDER BY P_PARTKEY;

CREATE TABLE supplier

(
S_SUPPKEY UInt32,
S_NAME String,
S_ADDRESS String,
S_CITY LowCardinality(String),
S_NATION LowCardinality(String),
S_REGION LowCardinality(String),
S_PHONE String

)
ENGINE = MergeTree ORDER BY S_SUPPKEY;

Inserting data:

clickhouse-client --query "INSERT INTO customer FORMAT CSV" < customer.tbl
clickhouse-client --query "INSERT INTO part FORMAT CSV" < part.tbl
clickhouse-client --query "INSERT INTO supplier FORMAT CSV" < supplier.tbl
clickhouse-client --query "INSERT INTO lineorder FORMAT CSV" < lineorder.tbl

Converting "star schema" to denormalized "flat schema":



SET max_memory_usage = 20000000000, allow_experimental_multiple_joins_emulation = 1;

CREATE TABLE lineorder_flat

ENGINE = MergeTree

PARTITION BY toYear(LO_ORDERDATE)

ORDER BY (LO_ORDERDATE, LO_ORDERKEY) AS
SELECT *

FROM lineorder

ANY INNER JOIN customer ON LO_CUSTKEY = C_CUSTKEY
ANY INNER JOIN supplier ON LO_SUPPKEY = S_SUPPKEY
ANY INNER JOIN part ON LO_PARTKEY = P_PARTKEY;

ALTER TABLE lineorder_flat DROP COLUMN C_CUSTKEY, DROP COLUMN S_SUPPKEY, DROP COLUMN P_PARTKEY;

Running the queries:



Q1.1
SELECT sum(LO_EXTENDEDPRICE * LO_DISCOUNT) AS revenue FROM lineorder_flat WHERE toYear(LO_ORDERDATE) = 1993 AND
LO_DISCOUNT BETWEEN 1 AND 3 AND LO_QUANTITY < 25;

Q1.2
SELECT sum(LO_EXTENDEDPRICE * LO_DISCOUNT) AS revenue FROM lineorder_flat WHERE toYYYYMM(LO_ORDERDATE) = 199401
AND LO_DISCOUNT BETWEEN 4 AND 6 AND LO_QUANTITY BETWEEN 26 AND 35;

Q1.3
SELECT sum(LO_EXTENDEDPRICE * LO_DISCOUNT) AS revenue FROM lineorder_flat WHERE tolSOWeek(LO_ORDERDATE) = 6 AND
toYear(LO_ORDERDATE) = 1994 AND LO_DISCOUNT BETWEEN 5 AND 7 AND LO_QUANTITY BETWEEN 26 AND 35;

Q2.1
SELECT sum(LO_REVENUE), toYear(LO_ORDERDATE) AS year, P_BRAND FROM lineorder_flat WHERE P_CATEGORY = 'MFGR#12' AND
S_REGION ="'AMERICA' GROUP BY year, P_BRAND ORDER BY year, P_BRAND;

Q2.2
SELECT sum(LO_REVENUE), toYear(LO_ORDERDATE) AS year, P BRAND FROM lineorder_flat WHERE P_BRAND BETWEEN
'MFGR#2221' AND 'MFGR#2228' AND S_REGION = 'ASIA' GROUP BY year, P_BRAND ORDER BY year, P_BRAND;

Q2.3
SELECT sum(LO_REVENUE), toYear(LO_ORDERDATE) AS year, P_BRAND FROM lineorder_flat WHERE P_BRAND = 'MFGR#2239' AND
S_REGION = 'EUROPE' GROUP BY year, P_ BRAND ORDER BY year, P_BRAND;

Q3.1

SELECT C_NATION, S_NATION, toYear(LO_ORDERDATE) AS year, sum(LO_REVENUE) AS revenue FROM lineorder_flat WHERE
C_REGION ="'ASIA" AND S_REGION = 'ASIA"' AND year >= 1992 AND year <= 1997 GROUP BY C_NATION, S_NATION, year ORDER BY year
asc, revenue desc;

Q3.2

SELECT C_CITY, S_CITY, toYear(LO_ORDERDATE) AS year, sum(LO_REVENUE) AS revenue FROM lineorder_flat WHERE C_NATION =
'UNITED STATES' AND S_NATION ='UNITED STATES' AND year >= 1992 AND year <= 1997 GROUP BY C_CITY, S_CITY, year ORDER BY
year asc, revenue desc;

Q3.3

SELECT C_CITY, S_CITY, toYear(LO_ORDERDATE) AS year, sum(LO_REVENUE) AS revenue FROM lineorder_flat WHERE (C_CITY =
'UNITED KI1' OR C_CITY ='UNITED KI5') AND (S_CITY ="'UNITED KI1' OR S_CITY = 'UNITED KI5') AND year >= 1992 AND year <= 1997
GROUP BY C_CITY, S_CITY, year ORDER BY year asc, revenue desc;

Q3.4

SELECT C_CITY, S_CITY, toYear(LO_ORDERDATE) AS year, sum(LO_REVENUE) AS revenue FROM lineorder_flat WHERE (C_CITY =
'UNITED KI1' OR C_CITY ='UNITED KI5') AND (S_CITY ="'UNITED KI1' OR S_CITY = "UNITED KI5') AND toYYYYMM(LO_ORDERDATE) =
'199712' GROUP BY C_CITY, S_CITY, year ORDER BY year asc, revenue desc;

Q4.1

SELECT toYear(LO_ORDERDATE) AS year, C_NATION, sum(LO_REVENUE - LO_SUPPLYCOST) AS profit FROM lineorder_flat WHERE
C_REGION ='AMERICA' AND S_REGION ="'AMERICA' AND (P_MFGR = 'MFGR#1' OR P_MFGR = 'MFGR#2') GROUP BY year, C_NATION
ORDER BY year, C_NATION;

Q4.2

SELECT toYear(LO_ORDERDATE) AS year, S_NATION, P_CATEGORY, sum(LO_REVENUE - LO_SUPPLYCOST) AS profit FROM
lineorder_flat WHERE C_REGION ="'AMERICA' AND S_REGION ="'AMERICA' AND (year = 1997 OR year = 1998) AND (P_MFGR = 'MFGR#1'
OR P_MFGR = 'MFGR#2') GROUP BY year, S_NATION, P_CATEGORY ORDER BY year, S_NATION, P_CATEGORY;

Q4.3

SELECT toYear(LO_ORDERDATE) AS year, S_CITY, P_BRAND, sum(LO_REVENUE - LO_SUPPLYCOST) AS profit FROM lineorder_flat

WHERE S_NATION ='UNITED STATES' AND (year = 1997 OR year = 1998) AND P_CATEGORY ='MFGR#14' GROUP BY year, S_CITY,
P_BRAND ORDER BY year, S_CITY, P_BRAND;

EFim
ClickHouselRf#t TR0 (HEMAAERETSHNRBRSMN) -

o HTTP , idRER , 5TFER.
o A ATCP , XBEIRIHIFFH.

AERSHEEAT  BWERESNITRESE A MAREERSXETANEHRITRE, YandexWIBEAXFNUWT : #7757



7 IDBCIRENFERF * ODBCIRTNFERR

EBFSE=FERRERClickHouse : &/ 77/E Sy * ?] LR E

$ clickhouse-client

ClickHouse client version 0.0.26176.

Connecting to localhost:9000.

Connected to ClickHouse server version 0.0.26176.:)

ZEFPIRFRSITSRMREEN . EB8EZ , FE'ILE"

BRI

ENMEFRITAERERAREASERER (8 ) AMER, ERMERN , BIEE quey B8, ERKZRIEE
stdin (ERME stdin &R Terminal) , NERMERER, ©5HTTP EOREM , SHERA query SHEEIRE!
stdin BY , BFIRERMZ—1T 178 stdin MAMER query FISE, XMARERMENBABERPIEEHE,

ERXANE P iREABIRNRAE

echo -ne "1, 'some text', '2016-08-14 00:00:00"\n2, 'some more text', '2016-08-14 00:00:01" | clickhouse-client --database=test --query="INSERT
INTO test FORMAT CSV";

cat <<_EOF | clickhouse-client --database=test --query="INSERT INTO test FORMAT CSV";
3, 'some text', '2016-08-14 00:00:00'

4, 'some more text', '2016-08-14 00:00:01"

_EOF

cat file.csv | clickhouse-client --database=test --query="INSERT INTO test FORMAT CSV";

FEHERNF , BAWBIEISNRE TabSeparated 53R, EATLURIEEIRRRIEIRE FORMAT 1818,

ABERAT , Bt EEXPREFITENENE, J T A— Script PRITSANER , PJUAER --multiquery S8, &R T
INSERT B3R5 , XFARNEE ML HEER, SHNERSELEBARSNEFtEE, BH#N , A THIITAIERENES ,
TR AR BANEERIT—IX clickhouse-client , {BjEFERNEIREEN clickhouse-client F2FEREZIEFE)L T=F AT (8],

EXERAT , SREHLE  FANERRAT-£EE62,

AR multiline JRBIEE (RINRIEE) : ATHITEW , LT Enter BI7], BERIEIFRLIAERANSERE. IRFES—

NSITHWERIES , ATUAERITZEIBMA—NRBL |, AREEXT Enter B5 , BRATUBASRIETN T —1TEW
TO

AR multiine F/ET : ATHITER , FEEUNSEEFELT Enter B, WMRITREENDS , HiAWSmEIFHLBEAA
FTEMERBLEHAT —17,

|}

1, N SEENMERTE KBRS,

HRizT8EA

\

B

7)

BRI AEE \G RBRNSHEESSHE , XRT Vertical FIER, EXMBRXT , B—MEHSFTEERENITH , X
MATKFRERKRIARAE, ZINAE LR R TRE MySQL &< MY,

BLITEFPIREET readine FE ( history FEENE libedit B, (IAETHAhE, IEURTEFmZWNAHRIFN ) . REIER ,
R AMERIAABNRERSARBEULRENLEGRS. HEGLEEATE ~/dickhouse-client-history H,

n

EIABAT , WHA9EE PrettyCompact , #&EFJLAIEIT FORMAT iR BEIRBEREE@EREXIEN , HEBLEEBNREEE
\G FHF , BIERLITHER format or --vertical S8 , SEAE FIRAIECE X4,



EZREEFUE , R Crl+D (K Ctr+C) , XBEMAUTEA -GS : exit, quit, logout, ydwe, iirwe, aunwre, exit;,
quit; , logout; , yywex , Wrwex , gwnwrex , q, #, q, Q, :q, n, U, Xi

HRIT I ERNRE , EFRREER

1. #HE EERSVERTR (RMANEAT) . WTFRIRNER , EEF]ELEHERER,
2. AT IR ERERTERIEENERIE,

3. IWERAMEHER.

4. WHERNITRIVITR , £IRE , UREBLIEINEE,

ZETBAEE Cerl+C REGE—/MREYEIRIE R, A , BRAFTES GRS WRPLILER, ERIMEREZEVEERNZTAT6E
B, MREASEHBRIET Cul+C, EFRFEREE.

BLITEFPIRAVRELINREE (IMPIRER) REW, ESHEXER  B8E M AEERLE"

icE
AT LABIT LA T A REASEE clickhouse-client i ( FTBHISHERBEINE)
o BEEGHLT
mLITERARBEEMAENEEMHNEE.
. EEEXH

o -host, -h -— RS3IRAY host BFF, BAIAR 'localhost', (& LAIEIR{ER host BFFTNE IPv4 3% IPv6 ik,
o -—port —iERMIRO , TIME : 9000, JEEHTTP EOLAK TCP R4 AR FERAAR RO,

o -user,-u -FAF®&, EIME : default,

+ --password - 8, RKINE : EFFH,

o -query,-q - IEREERN THERER.

o --database, -d - BRIAHRTRIERVEIEEE. ZAINME : IRBIRKIANEE (FKIAR default )

o -muliiline, - m - WMRIEE , RIFSITIBAEN (Enter (RKRIRIT , AMAREBWIEDTE ) .

o -multiquery, -n - MNRIEE, RIFIERES RS ANEE , SEEREERNTEN.

o -format, -f — EFAIEEMRABRBIHER.

o --vertical, -E - YIRIEE , MINFA FTEAEERINBHER, X5 '--format=Vertical' f8E, EXMBXF , FMEHD
ERRAYIT EITED , WA AN BERERREFE.

o -time, -t - WMRIEE , ERGEER TRHTENE@HITAIRTE]Z] 'stderr' F,
o -stacktrace - WIRIETE , MIRHMEE , KITEMERRIRES,
o -config-file - EEEXHHIRAF,

BeE St
clickhouse-client fEF— T —NEENINXG :

o BT -config-file SEIEERIHE.
e /clickhouse-client.xml
¢ \~/.clickhouse-client/config.xml

¢ /etc/clickhouse-client/config.xml



(= 4EHN!TR

<config>
<usersusername</user>
<password>password</password>
</config>

FREZEFImEO (TCP)

ANDATF SLTEFPR , BTN EnEIEMARS 2SEEEE |, WREMC++I2F, REMR , &l ClickHouse
R B IENIASE , BERTBAMClickHouselRCRDZETI# R T2 MX 2R ) F/sIEZEM S TCPIAE,

HTTP & ik

HTTP ORI LA REIT (A FE S MHFZIBES K(EH ClickHouse, Fi1M Java F Perl LA shell BIASRiA T, EEMEYEE
15, HTTP 047 Perl , Python LA Go #, HTTP # Otk TCP R4ENE AEMR , EE2MEEFNFEE M,

BRINBIRLT |, clickhouse-server 27EiR M 8123 LR HTTP 5K (XAIMEREFIEN ) . WRMFRET — M NESHL
GETEX , ERRE—NFFE "Ok" (ZREHRIT) . AINKERERRMEMAH,

$ curl 'http://localhost:8123/'
Ok.

BT URL FREY query BERRIZENK , ERIE POST 15K , REFEWRIFFLEBHTRAE URL BY query S8H , HthE 5D
MTE POST A (RMSEREMBE AT LAXFMERYEN ) . URLBIKNIRFIE 16KB , FIAREXBE R ERZIIC
E3=E

ARIBRATI , FEURER 200 BIRORCASBIMN EFRPHIER, MRERETEANRE  FRURE 500 KA NIRZSEDFIAE
MEFRPHREFBEE.

H{EM GET 73/ABXKAY , readonly RRIRE, #RAIEH , EEFENBIENER , REEKRIE POST 737EHIENK, AIEE
i@ POST £ %1% , e L@ URL BHKIE,

Examples:

$ curl 'http://localhost:8123/?query=SELECT%201"
1

$ wget -O- -q 'http://localhost:8123/?query=SELECT 1"
1

$ GET 'http://localhost:8123/?query=SELECT 1'
1

$ echo -ne 'GET /?query=SELECT%201 HTTP/1.0\\n\r\n" | nc localhost 8123
HTTP/1.0 200 OK

Connection: Close

Date: Fri, 16 Nov 2012 19:21:50 GMT

1

AIUEE , curl FLHTEREZURLEN , FTUARRESE, RE woget S Wurlfil 7 URLEEX , BRANFREZEER
ftb , BEATE HTTP 1.1 1Y F{EF keep-alive # Transfer-Encoding: chunked 3k381& B EH RN EERIFH TIE,


https://github.com/yandex/ClickHouse/tree/master/dbms/src/Client

$ echo 'SELECT 1'| curl 'http:/localhost:8123/' --data-binary @-
1

$ echo 'SELECT 1'| curl 'http://localhost:8123/?query="' --data-binary @-
1

$ echo '1' | curl 'http://localhost:8123/?query=SELECT' --data-binary @-
1

MR-HHNFERBBELTSHELIEN , B —EH BT POST £HRERE , MBHEBZEE—ITZITHEA. HWIRRO :

$ echo 'ECT 1' | curl 'http://localhost:8123/?query=SEL" --data-binary @-

Code: 59, e.displayText() = DB::Exception: Syntax error: failed at position 0: SEL

ECT 1

, expected One of: SHOW TABLES, SHOW DATABASES, SELECT, INSERT, CREATE, ATTACH, RENAME, DROP, DETACH, USE, SET,
OPTIMIZE., e.what() = DB::Exception

FMIAMBERT | IREIREIER TabSeparated I8INHY , EZER , I "[BUEEI]" 8857, FILAER FORMAT i EEBRIFNK
AEHE,

$ echo 'SELECT 1 FORMAT Pretty' | curl 'http:/localhost:8123/?' --data-binary @-

|
1
| 11
)
L

INSERT i JUEid POST F3iERIBA LR, XFERT |, (RA]LMGSEMAIFF LSR5 M URL S8 |, A/GH POST £AEA
AR, BARBIETURE , 240MIF , AMySQL SHEI tab 73 BIRYERE. EXMHINAH , INSERT EiREURT
LOAD DATA LOCAL INFILE from MySQL,

Pl B —ER:
echo 'CREATE TABLE t (a UInt8) ENGINE = Memory' | POST ‘http://localhost:8123/'
fERZEL INSERT FIE1ERIGALIE :
echo 'INSERT INTO t VALUES (1),(2),(3)' | POST 'http://localhost:8123/
BIRETLANE IR EREE :
echo '(4),(5),(6)' | POST 'http:/localhost:8123/2query=INSERT INTO t VALUES'
BB AR EIEE T, BRI BEAR t BFENENER :
echo '(7),(8),(9)' | POST 'http://localhost:8123/2query=INSERT INTO t FORMAT Values'
EZHEA tab DEINVKIE | FEEREW MBI
echo -ne '10\n11\n12\n' | POST ‘http:/localhost:8123/2query=INSERT INTO t FORMAT TabSeparated'

MRPIZENAT, HTERAIEZFHITHY , LIEARENLIRF 5L,



$ GET 'http://localhost:8123/?query=SELECT a FROM t'
7

8

9

10

11

12

1

o o1~ WD

R,

POST 'http://localhost:8123/?query=DROP TABLE t'

BRINERGEHARREIEIE | & E—NERIMAER,

BILAUBIT R REWMEE. EHEMVBIERE —MIENER |, BREEETE — 1N E4E172FKEAE(sudo apt-get install
compressor-metrika-yandex ) ,

YRE URL HIBET compress=1 , RESIROIEMEIVEIE, WRTE URL FIBE T decompress=1 , RS SREEEIT POST
FiERENEIE.

A DL A S IR TI BN R Ja SRR D KR RS PRI & .
BJLAFEE 'database’ SERIEEFRRINFIEUREE,

$ echo 'SELECT number FROM numbers LIMIT 10" | curl 'http://localhost:8123/?database=system' --data-binary @-

© 00N O~ WD =2 O

BIABAT , MABIBESERSHWEETEM , ZAZ default, HE , HA]AERB ZHIER — NS RIBERIEE.
FRFEEEe] ET U TR A RNIEE

1. i&iT HTTP Basic Authentication, Rl :

echo 'SELECT 1' | curl http://user:password@localhost:8123/ -d @-

1. @it URL S B#Y 'user' #l 'password’, =1 :

echo 'SELECT 1'| curl 'http://localhost:8123/?user=user&password=password' -d @-

MRAFPBEBIETE , MANEFR default, NRFBEGEIEE , MAKFERATERL, oJUER URLSHIEERERNE R
EBMOENERALIBEANEN, RO http://localhost:8123/?profile=web&max_rows_to_read=1000000000&query=SELECT+1

BEZER SN "RE"E.



$ echo 'SELECT number FROM system.numbers LIMIT 10' | curl 'http://localhost:8123/?" --data-binary @-

© 00N Ok WD =2 O

ESATHESHOESR , S0 2E B9,

MBtEEe TCPRERD , HTTP BOARFHRENXFRENHS , TRFHIEER (GEMbE , REVBBATRIE) , A
SREBLENER. RITRTHSESCERERSHAE , ML LAt TCP REROERN,

BEM query id SEETEEL M query IDEAN (BEEAFENR ), EBER, 80 "% E replace_running_query" 2855,
B]ERTY quota_key SEIETEES M quotakey BN (BT MAEFE), ESEE , S0 "EE" 25,

HTTP O RIHMEASUUMIERIE (SMERIERTR) REW, ESER , 20 I ERESRLE" 385,

M) 7 £ /e
o] BATERR $5 28U A FRMGLZE R, 1R T buffer_size I wait_end_of query A4 URL SERiALLE A,

buffer_size JRE T EWGERBERSATFFEAZS OO FHREE MRMAALEIMEEKR , EBFXIBAR HTTPEE ,
RTBELER LR HTTP &8,

AT ERBANNSARRE R , FIBARE wait_end_of_query=1, EMERT , FARFHEIESERE PE RS IHA—MiEET
XA,

ANk

curl -sS 'http://localhost:8123/?max_result_bytes=40000008&buffer_size=3000000&wait_end_of_query=1'-d 'SELECT toUInt8(number) FROM
system.numbers LIMIT 9000000 FORMAT RowBinary"

ERERMMACAZSBA HTTP kLR XHEFinfE , ERESHMIEHE |, FREAXFTUBERIMELNLE, EXME
AT MEERNEEREA—FHERER  MEZTFE , REEERATMESNEIZHIR,

WA
ClickHouse FTIX % SFEURIES, , ATLME (INSERT ) BUR ( SELECT) R iPHER,
TR T S S0BIBH R U RE (INSERT) IR ( SELECT) R EAEA 11755,



i INSERT SELECT

TabSeparated v v
TabSeparatedRaw X v
TabSeparatedWithNames v v
TabSeparatedWithNamesAndTypes v v
Ccsv v v
CSVWithNames v v
Values v v
Vertical X v
VerticalRaw X v
JSON X v
JSONCompact X v
JSONEachRow v v
TSKV v v
Pretty X v
PrettyCompact X v
PrettyCompactMonoBlock X v
PrettyNoEscapes X v
PrettySpace X v
RowBinary v v
Native v v
Null X v
XML X v
CapnProto v v
TabSeparated

£ TabSeparated 8V , BURIZITEA, BITESHMNREORVE. BRTITPNRE—ME (FEERRITN) Z25% ,
BMEERIRRE—MEIRST, RIS ER ] AE A A8HY Unix 55 21T, &E—1TEUIEREESRITN. EUXFEI
w5, NELBEIS , ARAEL X HFN.

XFBN A AR TSV R&RR,



TabSeparated H8NIFE HERATEEXIEFMALIELIE, HTTP EFHEAKASAIMELN , fL1TEPIRHMER
AN THSAXMEN, MR TERRBIREZEIERESE. F120 , A MYSQL RS HEAHEAES AR ClickHouse
B, RZIFA,

TabSeparated & LI H IR S @A ( HEA WITH TOTALS ) LARIR{E (X 'extremes' i8B21) ., XMIERAT , 2E
MEMEETRIENEE. TEMNRIE , B8 , MESA—/Z1TREA , fi0

SELECT EventDate, count() AS ¢ FROM test.hits GROUP BY EventDate WITH TOTALS ORDER BY EventDate FORMAT TabSeparated™

2014-03-17 1406958
2014-03-18 1383658
2014-03-19 1405797
2014-03-20 1353623
2014-03-21 1245779
2014-03-22 1031592
2014-03-23 1046491

0000-00-00 8873898

2014-03-17 1031592
2014-03-23 1406958

BIEmRIAS T

BRUH#HBREA, REEFATUESTNG + FH (BITNH2E , BRUHTER) . FRARTEEERHE, 2
WEY , RPEEFHERITNE , 58 (WFHHENLR) BRASASNFHEMTNE, FHSAMRIELRINK
FORSWBAT TN ENLET , MARERERES,

FRBUTHBEABA, KRSBEENMNSESEN. IFHEREFS , W'inf', '+inf', -inf'®'nan', ZREEVBEARTEAU
INSRFIATLER, HEIVERIEHR | ZRBEHMERIGER AKX, BITEHE B REEXRIRNSIEFIURRER
BAAEE,

HHEIRLAYYYY-MM-DD 185 A , ERUEAIFEFERDIRER, HEIHISL YYYY-MM-DD hh:mm:ss &=
SAMEN , BRUEFIFFERDIRER. X—tHAEEEFIRRSFZENNNAANEK (BUATH—MIENRIE
®). WTEENEMBE , ENGIRERIEE, Bt , NMREFEEESNPENE , WEEASEREILERLKE , BT
BiEEMmEZ—, TIREURFEEAE , AIERR B EAFIE B (8)fY B HA°] AE A B At sk B BRI 8l # 1T 947 , MAS
HIHIRES,

BMIMER , Unix B E)EAE R (10N TEBIEF ) thZi5EAEIBTEE, SRR XAEXR, &= YYYY-MM-DD
hh:mm:ss#1 NNNNNNNNNN £B8 51X 5,

FRBEURMEAE SR FER AL, UWTEXFEIRFHELE : o, f , v, \n, @, 0, vV, \, BEimtE

Ha , WHlWHH (ARG XFER ) FER ¢ FF , Ef c RIEAFES OXLFhHiEinnc ), Bt , iZBEES
el S IRITRS 9 \n 5L\ BORR R |, ENEIR1T, BIU0 , F/FE Hello world FEE1EZ [BIIR1TM AR S LARER o LA T AE(]
e

Hello\nworld

Hello\
world

BN EXIEN , B MySQL 1ZEY tab-separated &R B ENMELESFERATE,
7 TabSeparated & P{EB IR T B WMR/NFERNER : Tab , RITH (LF) FIRFHTL,
RE—MATESHEN, MRS — N EFSHE , EXFRRERERNLIRE R,

LASEHESAMESHREIRS. BEBLT  REFNRFDES%EH R , B , FRENEHURFFER
A5 CEAERGE XN ARSI S5ER,



NULL $5%6H 59 \N

TabSeparatedRaw

5 TabSeparated FEA—HHIR , (TRERFIWEXNN, ZEANERTRLERSER , ERNERTHRABA (BRUE
EARIRF)

MR e] AER B TSVRaw KKK,

TabSeparatedWithNames

5 TabSeparated HEXA—HKR , F—TRERIINBM, ERMIRESR , B 1TT2WBEE, BREERIBRHBER
UESREHEIFMRE, (RRETBEIMARBTLITHITIEE

XM R AER B TSVWithNames SRR R,

TabSeparatedWithNamesAndTypes

5 TabSeparated AR —1FMIZ , F—ITRERIINEN , FEITRERIINEE, EMTIED , F1THETx
WBHE,

XM AT UAER B TSVWithNamesAndTypes 3RZR7R,

TSKV

5 TabSeparated 1§V , (B EHIHIIR name=value FIIER, BIFEF TabSeparated X —HHIEN , - FRHLIWEE
X,

SearchPhrase= count()=8267016
SearchPhrase=bathroom interior design count()=2166
SearchPhrase=yandex count()=1655
SearchPhrase=2014 spring fashion count()=1549
SearchPhrase=freeform photos count()=1480
SearchPhrase=angelina jolie count()=1245
SearchPhrase=omsk count()=1112
SearchPhrase=photos of dog breeds count()=1091
SearchPhrase=curtain designs count()=1064
SearchPhrase=baku count()=1000

NULL%#HA N,

SELECT * FROM t_null FORMAT TSKV

x=1y=\N

HEAREN/NIR , XN EENE , BELBERERAE. EWAT Yandex R F]KI—LEER],

LIEREHFRRATER S FII MR . X TR , EIRFE B AEIINE, FTERRELE , B - ®R, ENEARF
FEMNRRIME AZMERAT , THNZITHRAERIAME. FRHRNME  FAFRPEENESE,

WFARNTESEHE , TUARMIMNFER tskv REVAR , XMEMBHT LRI, ZXHEMIEZFERK S,

csv

BE S A RRIVEIEIEIV(RFC),


https://tools.ietf.org/html/rfc4180

BVEREHR |, (TRANGISEERN, FABRRINGISRURNNGISHEL |, RILEZIMNIEEMMURMFFEXT.
BERFIES Bt R UANNE | S BiE, BFNHEAFSS, ER—MREMNFHERA  IMFARIAZ . 1TER Unix RITH
(LF) 2F@, EEEFRFUILRL CSV AMINT « BEIFHRAFTIt ) TabSeparated RN FFHE , ARKERFHFHANSI
SEEHLE CSV, CSVRIMTTHABFIIL BRG] (BE(ETEAFHBRERRZER) .

clickhouse-client --format_csv_delimiter="|" --query="INSERT INTO test.csv FORMAT CSV" < data.csv

*BRANER T EIFEAE , , 7 format_csv_delimiter PE]A T RE Z |8)f T A&,

RRATROEG % |, BTCAMERSNMERS|I SRBNATEE, IFNGISHES|S, THrIUAESISHEY, EXMERT , &1
WERT B S IRITA (CRELF) ., EMRITAESISHITH , EiER RFCAN , £ 2RI S ERIN=BIGIRS, X
Fi1T , £2%3#F Unix (LF) , Windows ( CRLF ) #1 Mac OS Classic (CRLF ),

NULL 88l W,

CSV #& 2% TabSeparated — #7524 S BFIRAE,

CSVWithNames

2 SLERTT , 1 TabSeparatedWithNames —#%,

JSON

BAJSON #&ZVia i iR, BRTEIERZIN , EXRHHTI BRI AL —LHINER | BHITHEHRURERSE LIMIT Bte]
PAEILHEYITER. 1

SELECT SearchPhrase, count() AS ¢ FROM test.hits GROUP BY SearchPhrase WITH TOTALS ORDER BY ¢ DESC LIMIT 5 FORMAT JSON



"metal
[
{
"name": "SearchPhrase",
"type": "String"
B
{
"name": "c",
"type": "UInt64"
1
1,
"data"
[
{
"SearchPhrase": ""
"c": "8267016"
By
{
"SearchPhrase": "bathroom interior design”,
"c": "2166"
By
{
"SearchPhrase": "yandex",
@' "EE"
B
{
"SearchPhrase": "spring 2014 fashion",
"c": "1549"
B
{
"SearchPhrase": "freeform photos",
"c": "1480"
}
I
"totals":
{
"SearchPhrase": "",
"c": "8873898"
B
"extremes":
{
"min":
{
"SearchPhrase": "",
"c": "1480"
By
"max":
{
"SearchPhrase": "",
"c": "8267016"
}
B
"rows": 5,

"rows_before_limit_at least": 141137

JSON 5 JavaScript 8, ATHERX—R , —EFHFHBINEN : B&/ HEX RV, BRIIRITHA U+2028 Fll U+2029 &
FTHT —LEM BT 2R MR , ENRWEN R WuXXXX , ASCIHEHIFAFHEEX  BI& , #T1 , 1T , EFEMKERIRGH SR
A, \n, v\ ERER uxXXXX FIIRI00-1FSEEIRMRIRF T, KXY UTF-8 FIEAERTFR , Eltwd
XABERBEMIUTF-8 B2, AT 5 JavaScript ®E , BIABERT |, Int64 F1 UInt64 BBEANE|S5[E£K, ERESI
B, AJLAEEEE S output_format_json_quote_64bit_integers iX & 70,

rows - £EREIHAYITIL.



rows_before_limit_at_least & LIMIT BRI TEE, RESEZHES LIMIT ZEFMiaH., &EEES GROUP
BY , rows_before_limit_at_least Fi@E LIMIT B iR EREMRITEL

totals -~ SVE ( H{EMA TOTALS FH4AT) ,

extremes - {R{E ( & extremesiZE ] 187 ) ,

ZHRANEATHLEERER , ERERTREA CBBUBBARIRT),
ClickHouse 323§ NULL, £ JSON #8=0H LA null $iHRTR.

£3% JSONEachRow &=,

JSONCompact
5 JSON R TEAMNREUBEMN SR BHLER , MAZ UL,

-
{
"meta":
[
{
"name": "SearchPhrase",
"type": "String"
By
{
"name": "c",
"type": "UInt64"
1
Ik
"data™
[
[, "8267016"],

["bathroom interior design", "2166"],
["yandex", "1655"],

["fashion trends spring 2014", "1549"],
["freeform photo", "1480"]

I,

"totals": ["","8873898"],

"extremes":
{
"min": ["","1480"],
"max": ["","8267016"]
B
"rows": 5,

"rows_before_limit_at least": 141137

XMEVXNER THLERE , MASATHENT CHREHBARIRP ), 2% JSONEachRow 18,

JSONEachRow

BRIELEREB—1TUL JSON EfyiFiat (#1758 JSON £/1K)



{"SearchPhrase":"","count()":"8267016"}

{"SearchPhrase": "bathroom interior design","count()": "2166"}
{"SearchPhrase":"yandex","count()":"1655"}
{"SearchPhrase":"2014 spring fashion","count()":"1549"}
{"SearchPhrase":"freeform photo","count()":"1480"}
{"SearchPhrase":"angelina jolie","count()":"1245"}
{"SearchPhrase":"omsk","count()":"1112"}
{"SearchPhrase":"photos of dog breeds","count()":"1091"}
{"SearchPhrase":"curtain designs","count()":"1064"}
{"SearchPhrase":"baku","count()":"1000"}

5 JSON X AEHIRZ , REBMREMBIUTF-8FF, EFA—AFTEAUEITHEL, XRYUEN , ERX R A
BEMAZEXREMAER, BN XN SISONEE,

SHFRENT , EFIRFE IS ARESANE, FTUERELE - SRR AFTENNIME, EXMERT , FNE1TRAE
BINME, FRRIME , AXHRPEENERE, TRZENZEAFHFRZE, MRAENKZEREES , ERRZBE,
SRR —EBTRFITH R,

Native

SRS, BEE TEFIRIMREITEANZE, WFEMR , ZIRPAYITER , 718, 5 BFMAZEE AR SI89ER
DEWBMICK, HRODFER , IFHEXE T8 - EXRETIEIRAIT. ZRATERS B ZEHITREMN KR EH
RSN , BT ERGLITE PRI C++ ZF iR,

fa ] AfE A LA TUIRIE 4 A R BEF ClickHouse DBMS iZERAIE N, {EE B XFIE N ZZEE X,

Null

BEHEH, ER , ZHEAIERE , HEEEAGITEF IR , FERERIEFPiR, XMXATME , gFE=0E,
B, IMBRARERTEL , NER TR,

Pretty

BRIEURBE N aL |, thaJUUER ANSI X FRHAELIRPIRENE, EREH— I TBURE , 8TRIEELRPSA
AT, B—TERREBIFURRMPHRBEL. IRBREVEN  UEERRTREFEREL (EPEIURNERER
ENREREREVEN) .

NULL #ih g noe

SELECT * FROM t_null

X1 ¥
| 1 | NULL|

FBRFAR S HRIEEWEI LR , RFTENRI10,0001T, ARITHATFHFTF10,000 , MEE/RiER “Showed first 100007,
ZRIVNEATALERER , ERNEATRITEAA (BRIEBAZIRT).

Pretty /& TUSe #5218 ( HfER WITH TOTALS Bt ) FItR{E (5 extremes IREA1AT) , AXLERFAT , SBEFRIETE
FHIEZFCABRIRRIRER N, KRB (A PrettyCompact FETVER )

SELECT EventDate, count() AS ¢ FROM test.hits GROUP BY EventDate WITH TOTALS ORDER BY EventDate FORMAT PrettyCompact



—EventDate——— c—;
| 2014-03-17 | 1406958 |

| 2014-03-18 | 1383658 |
| 2014-03-19 | 1405797 |
| 2014-03-20 | 1353623 |
| 2014-03-21 | 1245779 |
| 2014-03-22 | 1031592 |
| 2014-03-23 | 1046491 |
| 1

Totals:

—EventDate———c—
| 0000-00-00 | 8873898 |
L |

Extremes:

—EventDate——— c—;
| 2014-03-17 | 1031592 |

| 2014-03-23 | 1406958 |
L 1

PrettyCompact

5 Pretty BN A—1£HIZ , PrettyCompact ZiE TITZEMIRIBDEIL , IEEFERENMEER, ZIMBASEREHLT
EFim FEIAER,

PrettyCompactMonoBlock

5 PrettyCompact f&ANA—HHI2 , E3#5 10,000 ITHRIEEF , ARBEHE—NREHR , AREBRRX S

PrettyNoEscapes
5 pretty BRNA—HFHIZ , EANMER ANSI FRFHEN , ZENRREREEUARERER watch LT LARBUER,

i

watch -n1 "clickhouse-client --query="SELECT event, value FROM system.events FORMAT PrettyCompactNoEscapes"™

fRe] AEF HTTP 82O RIREVEUE | BRI ST H,
PrettyCompactNoEscapes

FIEZEML B,

PrettySpaceNoEscapes

FVEZEML B,

PrettySpace

5 PrettyCompact (#prettycompact) B8N N — 2 , SEATIERABMIERERIUE,

RowBinary

A RIS VR ITR VA BT R, 1TAMEESRIL | R B DR, XMEIULE Native BV , BRERETIT
f9,

BHEABEKEN/NRRRZE, F9 , UInt6d EH8MNFT, DateTime 5%/~ J0 UInt32 2E£EIAUnix B8] B{E, Date
wRIIAUINLI6 IR , ERIER 1970-01-01ARIIKRE, FHERRA varint KE (E/FSLEB128) , BRFMEMNF


https://en.wikipedia.org/wiki/LEB128

T, FixedString #HERMRIRI H—NETFI,

BUBRRA varint KE (LHFSLEB128) , GIREFMNMETE,

MFNULL X, — MR 1 0MNFETEMES N Nullable EFIEH, RF 1, BLAZERZE NULL, TNRF0, MARK
NULL ,

Values

EFESHITNE—1T, THESHR. KE—1TZEEEES, EEANELRIESHMR. HFUTHEIRREL , F&5]
S, BANSESHYH, TENENFESS , BTN EASI SR, X FANBIRIN S TabSeparated #8T03E
fh, ERVEIREP , REAZTIINIZIE |, BEBITIRED , SR TFFHEN (RTHEBZINNEE , XBRTR
B9 ) , NULL 9 NULL,

A Values S EE BRI FEEE XNR/NFHER | B5ISHRFL,

X2 INSERT INTO t VALUES ... FREJUAERRIAET , (BEREIVEERTFERLER,

Vertical
FEREEMYRELMAIIT EITENEME, NRESTHRESKREY , W& EFITEN—1T2/117.
NULL 35t now

ANk

SELECT * FROM t_null FORMAT Vertical

Row 1:

x: 1
y: NULL

ZRINEATALERER , BEREATREMEAA (BRIEBAZIRT ).

VerticalRaw
# Vertical #XAERET |, ITRASWEXD, IMERNNEAFiaL , ERNERTFEMTEA CEBIBIBAZIRF) .
ViR

) SHOW CREATE TABLE geonames FORMAT VerticalRaw;
Row 1:

statement: CREATE TABLE default.geonames ( geonameid UInt32, date Date DEFAULT CAST('2017-12-08' AS Date)) ENGINE =
MergeTree(date, geonameid, 8192)

:) SELECT 'string with \'quotes\' and \t with some special \n characters' AS test FORMAT VerticalRaw;
Row 1:

test: string with 'quotes’ and with some special
characters

#0 Vertical #&=X48EL :


https://en.wikipedia.org/wiki/LEB128

1) SELECT 'string with \'quotes\' and \t with some special \n characters' AS test FORMAT Vertical;
Row 1:

test: string with \'quotes\' and \t with some special \n characters

XML
ZEANERTHLERER , BFNEATHETEA , RO :

<?xml version="1.0" encoding='"UTF-8' 7>
<result>
<meta>
<columns>
<column>
<name>SearchPhrase</name>
<type>String</type>
</column>
<column>
<name>count()</name>
<type>UInt64</type>
</column>
</columns>
</meta>
<data>
<rows
<SearchPhrase></SearchPhrase>
<field>8267016</field>
</row>
<rows
<SearchPhrase>bathroom interior design</SearchPhrase>
<field>2166</field>
</row>
<rows
<SearchPhrase>yandex</SearchPhrase>
<field>1655</field>
</row>
<rows
<SearchPhrase>2014 spring fashion</SearchPhrase>
<field>1549</field>
</row>
<rows
<SearchPhrase>freeform photos</SearchPhrase>
<field>1480</field>
</row>
<rows
<SearchPhrase>angelina jolie</SearchPhrase>
<field>1245</field>
</row>
<rows
<SearchPhrase>omsk</SearchPhrase>
<field>1112</field>
</row>
<rows
<SearchPhrase>photos of dog breeds</SearchPhrase>
<field>1091</field>
</row>
<rows
<SearchPhrase>curtain designs</SearchPhrase>
<field>1064</field>
</row>
<row>
<SearchPhrase>baku</SearchPhrase>
<field>1000</field>
</row>
</data>
<rows>10</rows>
<rows_before_limit_at least>141137</rows_before limit_at least>
</result>



IRFIBFRLBEIRZHIRI , WIER fed FATRRM. 8% , XML EME{E JSON 4514, FBRISON—#F , 1FTX
B UTF-8 FF&ERMEE IR , MERE X AGE BN UTF-8 FHFFT,

EFHERER , FH < M & HEXH < &,

R A <array> <elems Hello </ elem> <elems> World </ elems> ... </ array> , JGéR%itH A <tuple> <elem> Hello </ elem> <elem>
World </ ELEM> ... </tuple> ,

CapnProto
Cap'n Proto 2 —Fh Z##I;E S48, , 21 Protocol Buffers # Thriftis , {85 JSON 2§ MessagePack 18X R~ —#%,

Cap'n Proto ;SN2 EEEN , MARBRER , IEREC(IAFTEINBIER, XMEVAI AR |, FHH
SENEEITET.

SELECT SearchPhrase, count() AS ¢ FROM test.hits
GROUP BY SearchPhrase FORMAT CapnProto SETTINGS schema = 'schema:Message'

Hr schema.capnp IR :

struct Message {
SearchPhrase @0 :Text;
c @1 :Uint64;

}

B FER B R eI CAERR S ECE A format_schema_path 387E,

Cap'n Proto R FFILRIRENE , BEAIBMAR LRI TEH.

JDBC IXzf

« ClickHouseEB 7 %E JDBC f9IRzE), NLiXE,
o =1E{HHY JDBC 35 ClickHouse-Native-JDBC.

ODBC X zf]

o ClickHouseE/# & ODBC #93RE), Dl ixXE,

B=RHARKIE
M

Yandex NP T ESILEIE , RBHITER ZHMNSURERERE.

e Python
e infi.clickhouse_orm
o clickhouse-driver
o clickhouse-client

o PHP
o SeasClick

e phpClickHouse


https://github.com/yandex/clickhouse-jdbc
https://github.com/housepower/ClickHouse-Native-JDBC
https://github.com/yandex/clickhouse-odbc
https://github.com/Infinidat/infi.clickhouse_orm
https://github.com/mymarilyn/clickhouse-driver
https://github.com/yurial/clickhouse-client
https://github.com/SeasX/SeasClick
https://github.com/smi2/phpClickHouse

¢ clickhouse-php-client
¢ clickhouse-client

¢ PhpClickHouseClient

o clickhouse
¢ go-clickhouse
e mailrugo-clickhouse
¢ golang-clickhouse
e Nodels
¢ clickhouse (Nodels)
» node-clickhouse
o Perl
o perl-DBD-ClickHouse
e HTTP-ClickHouse
¢ AnyEvent-ClickHouse
e Ruby
« clickhouse (Ruby)
e R
 clickhouse-r
o RClickhouse
o Java
¢ clickhouse-client-java
e Scala
o clickhouse-scala-client
o Kotlin
¢« AORM
o C#
o ClickHouse.Ado
o ClickHouse.Net
o C++
¢ clickhouse-cpp
o Elixir
o clickhousex
e Nim

¢ nim-clickhouse

B=TIEME


https://github.com/8bitov/clickhouse-php-client
https://github.com/bozerkins/clickhouse-client
https://github.com/SevaCode/PhpClickHouseClient
https://github.com/kshvakov/clickhouse/
https://github.com/roistat/go-clickhouse
https://github.com/mailru/go-clickhouse
https://github.com/leprosus/golang-clickhouse
https://github.com/TimonKK/clickhouse
https://github.com/apla/node-clickhouse
https://github.com/elcamlost/perl-DBD-ClickHouse
https://metacpan.org/release/HTTP-ClickHouse
https://metacpan.org/release/AnyEvent-ClickHouse
https://github.com/archan937/clickhouse
https://github.com/hannesmuehleisen/clickhouse-r
https://github.com/IMSMWU/RClickhouse
https://github.com/VirtusAI/clickhouse-client-java
https://github.com/crobox/clickhouse-scala-client
https://github.com/TanVD/AORM
https://github.com/killwort/ClickHouse-Net
https://github.com/ilyabreev/ClickHouse.Net
https://github.com/artpaul/clickhouse-cpp/
https://github.com/appodeal/clickhousex/
https://github.com/leonardoce/nim-clickhouse

A

Yandex NP FEZIHAE | R BHITEMAT ZRMNHUBERERE,

BEErm
o REBIEEEERRSR
e MySQL
o ProxySQL
¢ clickhouse-mysql-data-reader
e horgh-replicator
o PostgreSQL
o clickhousedb_fdw
« infi.clickhouse_fdw ({#H infi.clickhouse_orm)
e pg2ch
« MSSQL
¢ ClickHouseMightrator
« JHZBAZI
o Kafka
o clickhouse_sinker (fF8 Go client)
o WRFAE
e S3
¢ clickhouse-backup
o BEEYHE
o Kubernetes
¢ clickhouse-operator
- BCEEIE
e puppet
¢ innogames/clickhouse
» mfedotov/clickhouse
o Wi
« Graphite
e graphouse
» carbon-clickhouse
o Grafana
¢ clickhouse-grafana
e Prometheus
¢ clickhouse_exporter
e PromHouse
+ Nagios

e check_clickhouse


https://www.mysql.com
https://github.com/sysown/proxysql/wiki/ClickHouse-Support
https://github.com/Altinity/clickhouse-mysql-data-reader
https://github.com/larsnovikov/horgh-replicator
https://www.postgresql.org
https://github.com/Percona-Lab/clickhousedb_fdw
https://github.com/Infinidat/infi.clickhouse_fdw
https://github.com/Infinidat/infi.clickhouse_orm
https://github.com/mkabilov/pg2ch
https://en.wikipedia.org/wiki/Microsoft_SQL_Server
https://github.com/zlzforever/ClickHouseMigrator
https://kafka.apache.org
https://github.com/housepower/clickhouse_sinker
https://github.com/kshvakov/clickhouse/
https://en.wikipedia.org/wiki/Amazon_S3
https://github.com/AlexAkulov/clickhouse-backup
https://kubernetes.io
https://github.com/Altinity/clickhouse-operator
https://puppet.com
https://forge.puppet.com/innogames/clickhouse
https://forge.puppet.com/mfedotov/clickhouse
https://graphiteapp.org
https://github.com/yandex/graphouse
https://github.com/lomik/carbon-clickhouse
https://grafana.com/
https://github.com/Vertamedia/clickhouse-grafana
https://prometheus.io/
https://github.com/f1yegor/clickhouse_exporter
https://github.com/Percona-Lab/PromHouse
https://www.nagios.org/
https://github.com/exogroup/check_clickhouse/

e Zabbix
¢ clickhouse-zabbix-template
e Sematext
o clickhousefi %y
o B3R
e rsyslog
o omclickhouse
o fluentd
« loghouse (3F Kubernetes)
¢ logagent
¢ logagent output-plugin-clickhouse
o IR
¢ MaxMind

¢ clickhouse-maxmind-geoip

MIBESESRA

e Python
¢ SQLAIchemy
« sglalchemy-clickhouse (fF8 infi.clickhouse_orm)
e pandas
e pandahouse
e R
o dplyr
o RClickhouse ({8 clickhouse-cpp)
o Java
¢ Hadoop
o clickhouse-hdfs-loader (g JDBC)
e Scala
o Akka
e clickhouse-scala-client
o C#
e ADO.NET
o ClickHouse.Ado
o ClickHouse.Net
¢ ClickHouse.Net.Migrations
o Elixir
o Ecto

e clickhouse_ecto


https://www.zabbix.com
https://github.com/Altinity/clickhouse-zabbix-template
https://sematext.com/
https://github.com/sematext/sematext-agent-integrations/tree/master/clickhouse
https://www.rsyslog.com/
https://www.rsyslog.com/doc/master/configuration/modules/omclickhouse.html
https://www.fluentd.org
https://github.com/flant/loghouse
https://kubernetes.io
https://www.sematext.com/logagent
https://sematext.com/docs/logagent/output-plugin-clickhouse/
https://dev.maxmind.com/geoip/
https://github.com/AlexeyKupershtokh/clickhouse-maxmind-geoip
https://www.sqlalchemy.org
https://github.com/cloudflare/sqlalchemy-clickhouse
https://github.com/Infinidat/infi.clickhouse_orm
https://pandas.pydata.org
https://github.com/kszucs/pandahouse
https://db.rstudio.com/dplyr/
https://github.com/IMSMWU/RClickhouse
https://github.com/artpaul/clickhouse-cpp
http://hadoop.apache.org
https://github.com/jaykelin/clickhouse-hdfs-loader
https://akka.io
https://github.com/crobox/clickhouse-scala-client
https://docs.microsoft.com/en-us/dotnet/framework/data/adonet/ado-net-overview
https://github.com/killwort/ClickHouse-Net
https://github.com/ilyabreev/ClickHouse.Net
https://github.com/ilyabreev/ClickHouse.Net.Migrations
https://github.com/elixir-ecto/ecto
https://github.com/appodeal/clickhouse_ecto

E=A AR RE
iR
Tabix

ClickHouse Web 5 E Tabix.

o N5TEEEIEEE ClickHouse , REBLRE IR,
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o EBEBHRIED,
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o ERMLETR , XIBERBIBEERMEHNRMIAFMRER,
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LightHouse

LightHouse 2ClickHousefVi2 2K Web R,

TIRFTRENRIIR,
W FNHE R BRI,
EiMIT,
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DBeaver

DBeaver BB ClickHouseXz 130918 A S H R EZS F iR,

- EREZSRERENAL,
o RGN,
- BalFEM.

clickhouse-cli

- Yag

S5 A Kafka 3| 2R


https://github.com/tabixio/tabix
https://tabix.io/doc/
https://github.com/HouseOps/HouseOps
https://github.com/VKCOM/lighthouse
https://dbeaver.io/

clickhouse-cli &ClickHouseMIE& X a5 < 1TE Fim , FPython 34R 5,

FHE : - BEizE. - EWMBREHLHMNIEZERET. - IWHZHERL, - BXEXPostgreSQLERR S,

gl
DataGrip

DataGrip 2JetBrainsBV£UIEEEIDE , & 1% #HClickHouse, EXERAZIEME FintellJBTEH : PyCharm , Intelli)
IDEA , GolLand , PhpStorm%5,

o EERERRIBTTA,

o ClickHouselBZERER.

» 2¥ClickHouse B RITNEE , BIANERED , K5I,
o BUEmIERR.

o B,

o BRMNSH,

REFB=FTARARNNIERSS
chproxy RClickHouse 2B EfIhttpfRIBFIS B9 %,
e

FAPBHFITES, RIERA, *EHSSLEBLT,

TEGoHISCH,

KittenHouse

KittenHouse i&it A ClickHouse N TR 7 AR 53 88 Z [BIAY A CIE |, PARGTER T2 /7 iR FINSERTEIE R AN P BEEL AN T3 {8
i,

AT E RS, BREBHA, *NHTENREREE.

FEGoHLIN,

ClickHouse-Bulk
ClickHouse-Bulk  — M E 8 #IClickHousefi A Ug 523

FHE -

DHERARETEE %%, ZNRERSE. *BRXSHRIL

EGoHsLH,

HHEREY

ClickHouse A] AFE SRR P S M EIESEEL,


https://github.com/hatarist/clickhouse-cli
https://www.jetbrains.com/datagrip/
https://github.com/Vertamedia/chproxy
https://github.com/VKCOM/kittenhouse
https://github.com/nikepan/clickhouse-bulk

AT A ClickHouse StH5RVEIERE | IR ERARESINENN (MRBEE) NEESEIL,

UInt8, UInt16, UInt32, UInt64, Int8, Int16, Int32, Int64

BEERKENEE  SiEENSRAUNENSEE,

BRHE

o Int8-[-128:127]

o Int16-[-32768 :32767]

o INt32-[-2147483648 : 2147483647]

o Int64 -[-9223372036854775808 : 92233720368547758071]

S BEUE
« UInt8-[0:255]
« UInt16-[0: 65535]

e UInt32-[0:4294967295]
o UInt64 -[0:18446744073709551615]

Float32, Float64
SFEH,
HRMEYT CIEESHERZHERN

e Float32 - float

o Float64 - double

ARG R T REA BB, N FERIR. FI90 , REERENRFRRABEIE , fINGsmAENTIEINFHR BRAEW 8
IR

ERZERL
o WERBHTH LS RIS AANRE,

SELECT 1-0.9

———minus(1, 0.9)—
| 0.09999999999999998 |
|

o HEMNERIATUHERZE (HENRRHLIEERBINERLEH )
o FRITEERAEIEWETTA ( INF ) F"IERF" ( NaN ) , WERBITERIRHRNIZE REIX S,

o S—ITITHIZZERBIAHE , FRBHERIEARI BRI ERHRIE,

NaN and Inf


https://en.wikipedia.org/wiki/IEEE_754

S5¥rESQLAELL |, ClickHouse 235 A T BIHYFZ 538 :
o Inf —1IEFLSS

SELECT 0.5/0

—divide(0.5, 0)—
| inf |
| |

o -Inf -TAKT

SELECT -0.5/0

—divide(-0.5, 0)—
| -inf |
| |

o NaN - JE&F

SELECTO0/0

—divide(0, 0)—

| nan |
1 |

B]UA7E ORDERBY A& EFEEZXTF NaN HiFAI#N,

Decimal(P, S), Decimal32(S), Decimal64(S), Decimal128(S)

BNSHNERY , AIEN, AIREZEEIEFRIFEE. WTEE , REERBFIRET (FEAN).

W

S
o P-$EE, BYCEE : [1:38] , REFIUBSOANTHEINFE (BESE) .
o S-HIIE, BXCEE : [0: P], REHFHNHE D P ESH/NENAILL
W F AR P 2408 Decimal =R , L FHIFEZREXEY : -Pfrom[1:9]-for Decimal32(S)- P from[10:18]- for
Decimal64(S) - P from[19:38] - for Decimal128(S)
+i#EETEE

e Decimal32(S)-(-1*10%(9-S),1*10%9-5))
o Decimal64(S)-(-1*10%(18-S),1*10%(18-5S))
o Decimal128(S)-(-1*10%(38-5S),1*10%(38-5S))

540 , Decimal32(4) BTBAZRIR -99999.9999 F 99999.9999 fy#{& , £130.0001,

AEBRRTIT

HERASEBUBERENENSBAEFME. XIMEATFEISEE RS T LASERE , M String $2iR 25 2896 &
RIS AIEE,



HFIMACPUARLIF128(£1=F , Atk Decimal128 EAVIRIEHIREIRIL, FTLA Decimal128 BUizEREREET
Decimal32/Decimalé4,

B FNLE SRR
YfDecimalf) “#HIEHSBERNERER (X LSRMIAFME)

o Decimal64(51) Decimal32(S2) -> Decimal64(S)
e Decimal128(S1) Decimal32(S2) -> Decimal128(S)
o Decimal128(S1) Decimal64(S2) -> Decimal128(S)

BETZHAIRN
o &, W% @ S=max(S1,S2),
o FiE :S=51+S2,
o FRi% 1 S=51,
34F Decimal F1EE £ Z [ERIEURIF , BERESSHANERER 1S,
R X DecimalflIFloat32/Float64 Z [BIHYERIEL, ZHITULZEIRIE , R BAER : toDecimal32, toDecimal64,

toDecimal128 Ef; toFloat32 , toFloat64 , FEENMEMER—NSH, IE , ERFEEAEFRE , LEERESRNIER
1.

Decimal LBy —EE R BOR 45 R JoFloat64 (B8N , vardistddev ) , WFEFP—LE | fhalit &4 £ 7EDecimald, IFUEZE
HEy , RELRERERE |, BFloat64F1Decimal PAEREEIBRILE R oI REANE,

XS Decimal KEUMITIRIERY , BIEFTRES R EiEE, DPRPHEISHRFRER (FEFAN) . BERFHNISBFES
HRE,

SELECT toDecimal32(2, 4) AS x, x / 3

——x—T—divide(toDecimal32(2, 4), 3)—
| 2.0000 | 0.6666 |
| |

SELECT toDecimal32(4.2, 8) AS x, x * x

DB::Exception: Scale is out of bounds.

SELECT toDecimal32(4.2, 8) AS x, 6 * x

DB::Exception: Decimal math overflow.

REZHESRUTELE, NREMRBLATEE , MeTLAETIRE decimal_check_overflow RERREERE , HAXMEBERT ,
BB SHERNIER

SET decimal_check_overflow = 0;
SELECT toDecimal32(4.2, 8) AS x, 6 * x



————————x——multiply(6, toDecimal32(4.2, 8))—
| 4.20000000 | -17.74967296 |
l 1

BERERAMNREAEREZE L, TRERLERIZEL

SELECT toDecimal32(1, 8) < 100

DB::Exception: Can't compare.

Boolean Values

BB RMEERRFMEM/RE, JBAER UIntg K2, BEFRFIH 05X 1,

String

FHETUEEKEN., CINEEENTHE , A85FT. it , FHBLTUKE E it DBMSs Ay
VARCHAR, BLOB, CLOB 8,

Ymig

ClickHouse RBERBIVHE, FAHEUUREZHNFNE , RENRENANHTEMENEL, EREFMEXE , FATEIN
ERM UTF-8 fwid, EL , MRIFHLIRIEMUTE-8 (#EF) , SHIEEMATEHITEMIERT, BF , HARENRE

X7 ClickHouse ZENEIRIZFIFHAIEL, LI, length BRI EFFHESHFTHEREMKE , 2AM lengthUTF8
BB RFRRFFHEUUTF-8 g , it EMNRFHFHEZH Unicode FHFHIKE,

FixedString(N)

BEEKENWFFH, NOIZTEROEBAY, SRSIHZEKE/NF NWFAFREE (I INSERT £23E0 ) |,
BEEFNERERNEFTRAZNFHKE, SRFHEZMKEXNT NFFHEME , HREABRER. SkRSRE5
A—ANFREE (FI90, S SELECT ZEMER ) B, NULLFTASNFRHBIRERBIR , MWL, TEXMA
5 MYSQL #J CHAR 2RI Z A —1#8) (MYSQL MIFFFEHERUAEMIAR , ARMHAHRE=BIWER ) .

5 string AL , R/VDRIEREEER FixedString(N) , B EREFRRANSE,

UuID

A universally unique identifier (UUID) is a 16-byte number used to identify records. For detailed information about the
UUID, see Wikipedia.

The example of UUID type value is represented below:

61f0c404-5cb3-11e7-907b-a6006ad3dba0

If you do not specify the UUID column value when inserting a new record, the UUID value is filled with zero:

00000000-0000-0000-0000-000000000000

How to generate


https://en.wikipedia.org/wiki/Universally_unique_identifier

To generate the UUID value, ClickHouse provides thegenerateUUIDv4 function.

Usage example

Example 1

This example demonstrates creating a table with the UUID type column and inserting a value into the table.
:) CREATE TABLE t_uuid (x UUID, y String) ENGINE=TinyLog

3) INSERT INTO t_uuid SELECT generateUUIDv4(), 'Example 1'

:) SELECT * FROM t_uuid

T T |
| 417ddc5d-e556-4d27-95dd-a34d84e46a50 | Example 1 |
| | |

Example 2

In this example, the UUID column value is not specified when inserting a new record.

;) INSERT INTO t_uuid (y) VALUES ('Example 2')

:) SELECT * FROM t_uuid

T X—T1Y
| 417ddc5d-e556-4d27-95dd-a34d84e46a50 | Example 1 |

| 00000000-0000-0000-0000-000000000000 | Example 2 |
| |

Restrictions
The UUID data type only supports functions which String data type also supports (for example, min, max, and count).

The UUID data type is not supported by arithmetic operations (for example,abs) or aggregate functions, such assum
and avg.

Date

HEARE , BRANFHEE , /XA 1970-01-01 (EFFS) ISR BEE, RIFFMEM Unix LT AREImIFMEREXHI L
REEFE (BRI LRZE21065F , ERETEFHNFNH2105) . &/IVEHL H}0000-00-00,

AEARRBFEREER,

DateTime

RHEBRE, ANAFET (EFSM) 765 Unix i8S ) . RIFEMES BEIXAERENEENIE, 8/\VER 0000-00-00
00:00:00, A[E|BEAVESHREIF CGRBED) .,

A X

EREMEFInNARSR[ENRANKX , HEBIMNA (SEAENF) Fikh ZdHFiRE, EXFEAFR , BRESH
WEREERX,

ill}

BEFIEGSITEIN --use client_time_zone Ki&E

RABEAT  EFimEEIRSHMESERRSIRNX, &7 OET



£ A% P imt e,

Eit , FEIEXAFERRS (B0, FERTF XA ) |, BCHEEE SN ERERE T REFAER X , RN X AEER , WS
RETFTE ILEC R AT [e) L,

Enum8, Enum16
B14E Enum8 # Enumi6 ZEFY, Enum fR7F 'string'= integer NI X Z, 7E ClickHouse f , REAFERNRFENRES ,
BFFIEEE Enum FUEEIMISFERIRIBESBAMERNIT. XTEHEESHELLER Sting BIBLEEEY,

o Enum8 F3 'String'= Int8 XA,

e Enum16 F3 'String'= Int16 FHHEIAR,

&R
BIE—NBE— 1 Enum8(hello’ = 1, 'world' = 2) EEIFYF -

CREATE TABLE t_enum
(

x Enum8('hello’ = 1, 'world' = 2)

)
ENGINE = TinyLog

XA x FIRBEFAELELE X HPIIHAYME : hello' 3K world' , MIRESIRRTFEFIEMIE , ClickHouse HILEF &,

}) INSERT INTO t_enum VALUES (hello"), (‘world"), (‘hello')
INSERT INTO t_enum VALUES

Ok.

3 rows in set. Elapsed: 0.002 sec.

:) insert into t_enum values('a’)

INSERT INTO t_enum VALUES

Exception on client:
Code: 49. DB::Exception: Unknown element 'a' for type Enum8(‘hello’ = 1, ‘world' = 2)

LIENRPEIREIBET , ClickHouse A Enum ARG FRTBRE,

SELECT * FROM t_enum

1
| hello |
| world |

| hello |
| —

MRFEBINRITHRIE , MWTUF Enum (B IRDEEREEL

SELECT CAST(x, 'Intg8") FROM t_enum
—CAST(x, 'Int8')—
| |
| |

|
L |

—_ N =




FEEMFEIENEE , IMEFEMER CAST,

SELECT toTypeName(CAST('a', 'Enum8(\'a\' = 1, \'b\' = 2)"))

—toTypeName(CAST('a', 'Enum8(\a\' = 1, \'b\' = 2)'))—
| Enumg(a'=1,'b' = 2) |
l

i Kz Fi&

Enums REFEBMETTER -128 ... 127 , Enumie REFEMETTER -32768 ... 32767 , FTENFFHEIERFE VI
A—HM, RFEESFEFE, NRENEnum BERFIEET (EREXMINE ) |, HFIUREEINF, A, FHAR
BE,

Enum REFFFRINLEBREER NULL,

Enum B1E7E Nullable 288, At , NREEALERLIRZ—R

CREATE TABLE t_enum_nullable

(
x Nullable( Enum8(‘hello' = 1, 'world' = 2) )

)
ENGINE = TinyLog

RXETLATEAE 'hello' 1 'world' , B BJBATEAiE NULL ,

INSERT INTO t_enum_null Values('hello'),(‘'world’),(NULL)

FEREF , Enum FIRTFES N SHENEIER I8 X Intte HE[E,

HIUAX AN IZENAIAHE | ClickHouse FHERTMFFRAREZNBENESTERNNFHH, WRLEHE , St
FH. SIERXABANEMER , SRFEZNINFHFREIHTNOHRE NRREXRE , SMEFE.

HUXAFANB AR, ClickHouse #HETAFHHEE A, MRIIBIFEESHILBE (FREREBUESHHF) , Wi
HEE, Enum ERZHFNIZEFBEARNA RS Intg # Intie A —1HR,

FRRARMAMERBER/I\WE.

7£ ORDERBY , GROUPBY , IN , DISTINCT &% , Enum BT R SHEMIVEFEMEE. Al , HuFiEFE, NFERiz
BRI EIZER |, Enum B TENG SENERERE LM TENSIER,

REENESHFHITHER, MBFATUSEEFFEEITIER, IRSZIERNFHBEAZENREUME , WIF5IE2RE,
EJLAEA IN BEFRHET— Enum BEFETEAN Enum E&F , ERESHFH Enum FERFHERT.

AREREBERFNFEFRENEEHRNERTFEnums ; FI80 , Enum ERREEF—NUERM, EE , EnumB—7NREEN
toString BB , EREENFEFHE,

Enum {E{ER toT BRERFTASSIRALEESEEY , HARTE— M REXRE, & T 181N Enum MEREREERE , IMERE
TIHFER,

Enum ZEEYRTBAHE ALTER TR AMUENITNESHIE, TN ALTER #BIERIEINMER Enum BIRLR (REREER
HizE , MRERLEN) . FARERE , iXEZEERIR Enum AL SUFIMH 75,

BT ALTER $E{E , BTBAYE Enums ¥%A% Enumi16 , RZIRIA , FL1& Int8 3% Int16 —#¥,

Array(T)

B T RETRAMAIEAE.



T AJUREERLER , BESMAERE, EREFERSHLA |, ClickHouse WS HRAMNTIFEMR, FIa0 , NEEFAEE
MergeTree TRAATFAiES LEENLE,

S LA

I&a] LAfE B array RIECRBIEEN4E -

array(T)

BRI UERLES .

IR LB RO

:) SELECT array(1, 2) AS x, toTypeName(x)

SELECT
[1, 2] AS x,
toTypeName(x)

—x——toTypeName(array(1, 2))—
| [1.2] | Array(Uint8) |
| I

1 rows in set. Elapsed: 0.002 sec.
:) SELECT [1, 2] AS x, toTypeName(x)
SELECT

[1, 2] AS x,
toTypeName(x)

—x——toTypeName([1, 2])—
| [1,2] | Array(UInt8) |
l I

1 rows in set. Elapsed: 0.002 sec.

EREIELER
ClickHouse& Bit& M BT = F BB TR T EHE @I L TRR/DBIEIELEER, MRETEZPEENULL HEE

Nullable 285TE |, IBAENITRERIGES TR Nullable,

R ClickHouse T/ AMBEHIELE , BEmERE, HEiIHENAIE— M EESFFRNNFHEER S & EXMERL
( SELECT array(1, 'a') ),

ShESEEESith N

:) SELECT array(1, 2, NULL) AS x, toTypeName(x)

SELECT
[1,2, NULL] AS x,
toTypeName(x)

—x— —toTypeName(array(1, 2, NULL))—
| [1,2,NULL] | Array(Nullable(UInt8)) |
| 1

1 rows in set. Elapsed: 0.002 sec.

MREZINBBTNFREMBIELELA |, ClickHouse 155/ 5R% :



;) SELECT array(1, 'a')
SELECT [1, 'a’]

Received exception from server (version 1.1.54388):
Code: 386. DB::Exception: Received from localhost:9000, 127.0.0.1. DB::Exception: There is no supertype for types UInt8, String because some
of them are String/FixedString and some of them are not.

0 rows in set. Elapsed: 0.246 sec.

AggregateFunction(name, types_of_arguments...)

RARSRBPRIPEPRE, PIUAERSERHFEL -State' FHRIAOE, ESER , £% "AggregatingMergeTree",

Tuple(T1,T2,..)
oA, EREA N T EEE R KA,

TNEEERPFETA (RTAEFR) . ENTIMATIRRIINE, EEEFP , INREXFMFEFRHESEAY lambda BREL ] BAK
SHEEYFEETTE, BSER , B2 H IN 2FFF and Higher order functions,

FTAHAUREMNER, AXMEAT , XFISONCAMI A |, IHSHHERES IR, EISONEINH |, TTAER
LeAwmd (ERESH).
elETd
A] EAE AR ER B2 T
tuple(T1, T2, ...)
I THIIRA

:) SELECT tuple(1,'a’) AS x, toTypeName(x)

SELECT
(1,'a") AS x,
toTypeName(x)

—x——toTypeName(tuple(1, 'a’))—
| (1,2) | Tuple(UInt8, String) |
| 1

1 rows in set. Elapsed: 0.021 sec.

TCLHARRERIRSLEY

FEENSEIETAR |, ClickHouse REIIATANE — SRR FR/\FJRANEE, MRSHAHNULL , XN TTHENITT

=2 Nullable,

B o ERE BTN R A -



SELECT tuple(1, NULL) AS x, toTypeName(x)

SELECT
(1, NULL) AS x,
toTypeName(x)

—x— T —toTypeName(tuple(1, NULL))——
| (1,NULL) | Tuple(UInt8, Nullable(Nothing)) |
L |

1 rows in set. Elapsed: 0.002 sec.

Nullable(TypeName)

RIFRYETFEIRE (NULL) RR"TRE(E" , AILS TypeName HIIEE{BEF—#2, HI80 , Nullable(Int8) ZEELAIFIRTLATESE Int8
LAY , MSEEMNITIEEM NULL,

34F TypeName , NEE(EFRE SHUEZET Array # Tuple, ESHUBEREITTUE S Nullable ZEAIE |, fI
40 Array(Nullable(Int8)) o

Nullable EEFERREERIBZERRSIH,

FRIETE ClickHouse FRZBEEEFR FHIHER , BN NULL 21E{T Nullable FEEIAIEKIANE,

ERE:EETEs

BEERMTIRTFAE Nullable 288UE , ClickHouse B T ERFHENE @XM , BERTHE NULL MBS, 8
X RSB o1 ClickHouse X BANRITHY NULL FIAENEUREERIRINE, BTN T XM, Nullable F1 52009
EE XA AL BRSO ER (8,

NGERR £/ Nullable JLFE2RWHEFERERNM , AIRTTAEERFCEX—R
R XX AR5 B soiFClickHouseX 73 &N RITRIX M B R SE BT " NULL " FIEAE R T EFIMIXH |, "Nullable"5! LE & &
JHREE S ITFED (8]

RRiERA



:) CREATE TABLE t_null(x Int8, y Nullable(Int8)) ENGINE TinyLog
CREATE TABLE t_null

(
X Int8,

y Nullable(Int8)
)ENGINE = TinyLog
Ok.
0 rows in set. Elapsed: 0.012 sec.
) INSERT INTO t_null VALUES (1, NULL)
INSERT INTO t_null VALUES
Ok.
1 rows in set. Elapsed: 0.007 sec.

;) SELECT x + y FROM t_null

SELECT x +y
FROM t_null

r—plus(x, y)—

| NULL |

| 5|

L ]

2 rows in set. Elapsed: 0.144 sec.

ERE SRS

Nested(Namel Typel, Name2 Type2, ...)

MEBREEMRMUTRER, REZBEMNSH (FIRMEE ) 5 CREATEEREM. SMRAUEBFEESITRER
REM,

Nk

CREATE TABLE test.visits
(

CounterID Ulnt32,

StartDate Date,

Sign Int8,

IsNew UInt8,

VisitID Ulnt64,

UserID UlInt64,

Goals Nested

(
ID UInt32,
Serial UInt32,
EventTime DateTime,
Price Int64,
OrderID String,
CurrencyID UInt32

)s

) ENGINE = CollapsingMergeTree(StartDate, intHash32(UserID), (CounterID, StartDate, intHash32(UserID), VisitID), 8192, Sign)

ERRBIFEBRT Goals XMERELIELSEM , ERFJNEFHBRNAE (IIEAZMER) . £ visits' RAF—1THR] A



S NFENREEEN LRI,

RAF—REIRE. RELMIIIF , BEIIRERZHAERLE | BBLRINETHSELAREER , FALABRBRERRISF
RER (MergeTree 5| ERRNZFHFEXFRIT )

ARBBERAT , MEREBRIREMN , RTE—NDBRMEIT, I TXHESEM , JINBHRE[/SEZER, SLEIIMMT —
ALECRE, ER—FEIERES , FIENIESAERHEENKE,

il

SELECT
Goals.ID,
Goals.EventTime
FROM test.visits
WHERE CounterID = 101500 AND length(Goals.ID) < 5
LIMIT 10

—Goals.ID r—Goals.EventTime

| [1073752,591325,591325] | [2014-03-17 16:38:10','2014-03-17 16:38:48','2014-03-17 16:42:27'] |

| [1073752] | ['2014-03-17 00:28:25/] |

| [1073752] | ['2014-03-17 10:46:20'] |

| [1073752,591325,591325,591325] | ['2014-03-17 13:59:20,2014-03-17 22:17:55','2014-03-17 22:18:07','2014-03-17 22:18:511] |
[0 [0 |

| [1073752,591325,591325] | [2014-03-17 11:37:06',2014-03-17 14:07:47',2014-03-17 14:36:21'] |

[0 [ 0 |

[0 [0 |

| [591325,1073752] | ['2014-03-17 00:46:05','2014-03-17 00:46:05'] |

| [1073752,591325,591325,591325] | ['2014-03-17 13:28:33',2014-03-17 13:30:26',2014-03-17 18:51:21','2014-03-17 18:51:451] |
| |

P CAR] AR SR HIEER B IR S M S MR B I &R AR K E S 54,

SELECT &R BTE{EF ARRAY JOIN BIRHMEA ] NIEE BNMREBUIREWIIRTR, E2E2 , % "ARRAY JOIN F4a",
R~

SELECT
Goal.ID,
Goal.EventTime
FROM test.visits
ARRAY JOIN Goals AS Goal
WHERE CounterID = 101500 AND length(Goals.ID) < 5
LIMIT 10

r—Goal ID——Goal.EventTime—
| 1073752 | 2014-03-17 16:38:10 |
| 591325 | 2014-03-17 16:38:48 |
| 591325 | 2014-03-17 16:42:27 |
| 1073752 | 2014-03-17 00:28:25 |
| 1073752 | 2014-03-17 10:46:20 |
| 1073752 | 2014-03-17 13:59:20 |
| 591325 | 2014-03-17 22:17:55 |
| 591325 | 2014-03-17 22:18:07 |
| 591325 | 2014-03-17 22:18:51 |
| 1073752 | 2014-03-17 11:37:06 |
| 1

TEEW AR EIIBLEMMIT SELECT, REEEEMIIEETFE— 355,

$$F INSERT &Eif) , FJCAB IR NP EREZIBREMTHTIRE (BRUERBMMIIEA) . ABALEF , RESR
EENREEHEENKE,

%+ DESCRIBE &if) , BREIIELEM P IS UBRKI AN BT H R,



ALTER iR HREFIRLEMIVIRIEIEEBIR,

Special Data Types

BIRBIELENERAEFERPEAEELSR DL , BTATEBNPEIER,

Expression

AFRREMEEPIILambdRIA,

Set

A ARRTE IN RIAR BB F A5,

Nothing
IERIRE R E—BNRRTAEHEENER, FIUREEEIE— Nothing KEURIE,
g , 324 NULL #9288 %5 Nullable(Nothing) . 1¥151E W Nullable,
Nothing It FTIAFIRRNEENEAE -
:) SELECT toTypeName(array())

SELECT toTypeName([])

r—toTypeName(array())—
| Array(Nothing) |
|

1 rows in set. Elapsed: 0.062 sec.

Domains

Domains are special-purpose types, that add some extra features atop of existing base type, leaving on-wire and on-
disc format of underlying table intact. At the moment, ClickHouse does not support user-defined domains.

You can use domains anywhere corresponding base type can be used:

o Create a column of domain type

e Read/write values from/to domain column

o Useitasindexif base type can be used as index
o Call functions with values of domain column

e etc.
Extra Features of Domains

o Explicit column type namein SHOW CREATE TABLE or DESCRIBE TABLE
o Input from human-friendly format with INSERT INTO domain_table(domain_column) VALUES(...)
e Output to human-friendly format for SELECT domain_column FROM domain_table

o Loading data from external source in human-friendly format: INSERT INTO domain_table FORMAT CSV ...



Limitations

o Can't convertindex column of base type to domain type via ALTER TABLE .

o Can'timplicitly convert string values into domain values when inserting data from another column or table.

o Domain adds no constrains on stored values.

IPv4

IPv4 is a domain based on UInt32 type and serves as typed replacement for storing IPv4 values. It provides compact
storage with human-friendly input-output format, and column type information on inspection.

Basic Usage

CREATE TABLE hits (url String, from IPv4) ENGINE = MergeTree() ORDER BY url;

DESCRIBE TABLE hits;

r—nhame——type———default_type——default_expression——comment——codec_expression—

| url | String | | | | |

| from | IPv4 | | | | |

| I I | I

OR you can use IPv4 domain as a key:
CREATE TABLE hits (url String, from IPv4) ENGINE = MergeTree() ORDER BY from;
IPv4 domain supports custom input format as IPv4-strings:

INSERT INTO hits (url, from) VALUES ('https://wikipedia.org', '116.253.40.133")('https://clickhouse.yandex’, '183.247.232.58')
(‘https://clickhouse.yandex/docs/en/', '116.106.34.242);

SELECT * FROM hits;

—xurl T from—
| https:/clickhouse.yandex/docs/en/ | 116.106.34.242 |

| hitps:/wikipedia.org | 116.253.40.133 |

| https:/clickhouse.yandex | 183.247.232.58 |

|

Values are stored in compact binary form:

SELECT toTypeName(from), hex(from) FROM hits LIMIT 1;

—toTypeName(from)——hex(from)—
| 1Pva | B7F7E83A |
| 1

Domain values are not implicitly convertible to types other than Uint32 . If you want to convert IPv4 value to a string, you
have to do that explicitly with IPv4NumToString() function:

SELECT toTypeName(s), IPv4NumToString(from) as s FROM hits LIMIT 1;

—toTypeName(IPv4NumToString(from))——s
| String | 183.247.232.58 |
L




Or cast to a UInt32 value:

SELECT toTypeName(i), CAST(from as UInt32) as i FROM hits LIMIT 1;

r—toTypeName(CAST(from, 'UInt32'))— i—
| UInt32 | 3086477370 |
L

IPv6

IPv6 is a domain based on FixedString(16) type and serves as typed replacement for storing IPv6 values. It provides
compact storage with human-friendly input-output format, and column type information on inspection.

Basic Usage

CREATE TABLE hits (url String, from IPv6) ENGINE = MergeTree() ORDER BY url;

DESCRIBE TABLE hits;

r—nhame——type———default_type——default_expression——comment——codec_expression—
| url | String | | | | |

| from | IPV6 | | | | |
L I I I I I

ORyou canuse IPv6 domain as a key:
CREATE TABLE hits (url String, from IPv6) ENGINE = MergeTree() ORDER BY from;
IPv6 domain supports custom input as IPv6-strings:
INSERT INTO hits (url, from) VALUES ('https://wikipedia.org', '2a02:aa08:€000:3100::2")('https://clickhouse.yandex’,

'2001:44¢8:129:2632:33:0:252:2')(*https://clickhouse.yandex/docs/en/', '2a02:¢980:1e::1");

SELECT * FROM hits;

—xurl —from

| https://clickhouse.yandex | 2001:44¢8:129:2632:33:0:252:2 |
| https:/clickhouse.yandex/docs/en/ | 2a02:¢980:1e::1 |

| https:/wikipedia.org | 2202:2208:€000:3100::2 |

L |

Values are stored in compact binary form:

SELECT toTypeName(from), hex(from) FROM hits LIMIT 1;

—toTypeName(from)——hex(from)
| 1Pv6 | 200144C8012926320033000002520002 |
| 1

Domain values are not implicitly convertible to types other than FixedString(16) . If you want to convert IPv6 valuetoa
string, you have to do that explicitly with IPv6NumToString() function:

SELECT toTypeName(s), IPv6NumToString(from) as s FROM hits LIMIT 1;

—toTypeName(IPv6NumToString(from))——s

| String | 2001:44¢8:129:2632:33:0:252:2 |
L |




Or cast to a FixedString(16) value:

SELECT toTypeName(i), CAST(from as FixedString(16)) as i FROM hits LIMIT 1;

—toTypeName(CAST(from, 'FixedString(16)'))——i—————
| FixedString(16) | 09 |
L

R5|E
FIIE (EROLT ) RET :

o BURHITFMERVFINIE , SRR AT AR R iZERE HiE
Sz FEMRLE B i8] A R N ] 2§

o FREIFEIE,

o R3IMER (WRFE) .

o BRETMAITSLIZRE

. BIREHISH,

EIZEAT , SIZERFEMEMIERMY , BERLEREAT , 51T UMM B RIERS A IREIE,
WFRSHMENES | MixfERMergeTreelk Y52

MergeTree
Clickhouse H&FRE KAIRSIZHE MergeTree ( BFH ) 512 KXIZZRT ( *MergeTree ) FRYEL{hT|ZE

MergeTree SIZERIIMEBEARIEZTINT, SFEEERBEEBAIRT , FESKM—HMBEARERER  AFEXLRIER
BERERBE—ENNEH, HLLEBARAKEN (ES ) BIEEEE , IMRIESESRES,

2R

o FEMBIRZERAF,
FILRAT B2 — M AT REERBEN/NFHRESI,
o RVHERSKX , RIW|ET £ BIiE,

EMERBIEEFNERLERENE R T ClickHouse PELE S XAIRIEFALLE BIRIFE IR, BEWPIEE T H X R
ClickHouse & & BN X EIE, Xt ERUEIN T E1aMHEE,

o THRIREIA,

ReplicatedMergeTree RIIMRERATIL. BZSER , FSH LEEIE —715,
o TFEIERE,

FEMIE |, (R UARIRE—MRENE,

N EE Merge 5|ZHARETF *MergeTree &7,

e



CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(

name1 [type1] [DEFAULT|MATERIALIZEDI|ALIAS expri],
name?2 [type2] [DEFAULT|MATERIALIZEDI|ALIAS expr2],

INDEX index_name1 expri TYPE type1(...) GRANULARITY valuet,
INDEX index_name2 expr2 TYPE type2(...) GRANULARITY value2

) ENGINE = MergeTree()
[PARTITION BY expr]
[ORDER BY expr]
[PRIMARY KEY expr]
[SAMPLE BY expr]
[SETTINGS name=value, ...]

BRSBEHEIR |, B8 BREA,

8

ENGINE - 5|ZERFS#. ENGINE = MergeTree() . MergeTree 5|Z2BEH.

PARTITION BY — 73X,

ERASKX , sJLAERRIAIN toYYYYMM(date_column) , IXEHY date_column 2— Date 2£&pF, XBiZHXBE
XER "YYYYMM' X,

ORDER BY — RIIHIF I,

AR —AYIRTTASERIIFRIAI, HIU: ORDER BY (CounterlD, EventDate)

PRIMARY KEY - £ , SNRZZM BRHEFEAHEE,

FIANBR T EHRIEHEFSE (B ORDERBY FAIEE ) HHRE., Hit , KERBERATAZTEBZTI1IEE—1 PRIMARY
KEY FA,

SAMPLE BY — FHFHiHMRIAL,

MREAMMERIAN , TRPUIEEZXINRIAN, B30 : SAMPLE BY intHash32(UserID) ORDER BY (CounterID,
EventDate, intHash32(UserID)) ,

SETTINGS — 840 MergeTree MRERVERIMSEL

e index_granularity — ZE5|HIE, BNIZRS|HMELE PHRida ERVEUEITEL ZAIAE , 8192, ZIIRBETE RS
BAMIXEEE MergeTreeSettings.h,

o use_minimalistic_part_header_in_zookeeper — & ERLK7E ZooKeeper HATEfEA . NRIRET
use_minimalistic_part_header_in_zookeeper=1 , ZooKeeper ETFEE/LIVEIE, FESEESE "REBEEESH. X=
PRy g EREAR,

e min_merge_bytes_to_use_direct_io — {EFE I/O RIRFHMENESHIREFNERNR/NBIEE, SHEUIERER
Y , ClickHouse 1T EEZE M S HIFM B MBI 2EMEZ 8], WRA/NMBIET min_merge_bytes_to_use_direct_io 1&E
MFT8 , W ClickHouse $ER E# I/0 ¥ ( O_DIRECT &I ) MRS, MRIRE
min_merge_bytes_to_use_direct io=0 , MESZEAEE /0, EKIAE : 10*1024 * 1024 * 1024 F77,

nEIRE

ENGINE MergeTree() PARTITION BY toYYYYMM(EventDate) ORDER BY (CounterID, EventDate, intHash32(UserlD)) SAMPLE BY
intHash32(UserID) SETTINGS index_granularity=8192

R, BANRAZAS X,

EREANRE T — MZAFIDRENMFERIAN, XILRE]ABEIZRFED CounterlD F EventDate T EHVEIERIMFENL 7

*EO

MRIFEEIRIIEE T SAMPLE F48), ClickHouse=iR[EI% T F = F &R — MY I AFEN R R 1%,

index_granularity F] Z#& , ZRiINE S0 8192,


https://github.com/yandex/ClickHouse/blob/master/dbms/src/Storages/MergeTree/MergeTreeSettings.h

7’ BRENERAE

+ =z

EE

NEEHRINE PEMZTE , AJ8RIE , EF IR R tRE LR 75%,

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
name1 [type1] [DEFAULT|MATERIALIZEDI|ALIAS expri],

name?2 [type2] [DEFAULT|MATERIALIZED|ALIAS expr2],

) ENGINE [=] MergeTree(date-column [, sampling_expression], (primary, key), index_granularity)

MergeTree() £%%

o date-column — &% Date #9315, ClickHouse ZEMIKIBEB XM FIRBIENX, FEXBERAD "YYyymm ,
o sampling_expression — SRIEFERIAT,

o (primary, key) —EH, ZE — Tuple()

o index_granularity — ZR5|¥IE, BNZRSIFHMELE FARIC BIRVEIRITE., 189 8192 FJAERKRER 7R,

il
MergeTree(EventDate, intHash32(UserID), (CounterID, EventDate, intHash32(UserID)), 8192)

WFEZEMNEESE , XE MergeTree SIZRAIAMINF—1 , FJUAMEHNENEE.

BIETFiE
RERERANTORIE A A B

YHRUEMIGAZIRPE , SORMEBIBRERFRERIFHFEHERF, #1900, FHZE (CounterlD, Date) BY , FERFPEIER
CounterlD HEF , EB#8E CounterlD HIZR$% Date HEF,

NESFXHBRERWSIMAERIFER | ClickHouse EEAEHBUIER BRUEESHFiE, F2EHREFNESTXNEER
. ENEHNGEIANMREBEE R BITIHREHEIE - BIEH R,

ClickHouse Z BN RIEHEREIEZ—R3IXHE , R3IXHBEBNERSITT ( "HRic. ) WERME, RITSEXR n*
index_granularity , ERAH n FFE2ITHEREA index_granularity FERIEHED, WFE , BRERBEENRSITHEEIEA
PiRiCa o XL FARIC s 1LMRP] A BB EI IR FTERG,

{RETAR A — 8 — KRN — RRIEBEIDNLIE - MergeTree SIZBMIHMZE R T XHFMIZER,

FRNRS|IEEWPRIRN

FAIA (CounterID, Date) LAEHE, HEFIFMZESIMERSRE NEIXMF

DEPEUE ¢ [ ]
CounterlD:  [aaaaaaaaaaaaaaaaaabbbbcdeeeeeeeeeeeeefgggggggghhhhhhhhhiiiiiiiikIlI]
Date: [1111111222222233331233211111222222333211111112122222223111112223311122333]
FRic: O e e
a1l a2 a3 b3 e2 €3 g1 h2 i1 i3 13
FiES: 0 1 2 3 4 5 6 7 8 9 10
MREEEIUF :

e CounterlDin (‘a,'h") , FRZBBRIZEMRICSTE [0, 3) M [6, 8) X[a]RAIEIE,
e CounterID IN ('a', 'h") AND Date = 3 , fRSZSES1EZENFRICSE [1,3) 1 [7,8) X[a]HAVENIE,

o Date=3 , lRSZB[BRIZBMFICSIE [1, 10] XiEPEIEHE.



LEAFAIUELHERRS I BERLEREAESH.

WIRZRS | XL RAIMIFIEIZE, HiZNERENMXESCEWEIEN , 8MUBRPRZ RS index_granularity * 2 {TERS
HIEIE, REBOERT , & index granularity = 8192 Bt , ClickHousef 14 BEF REFELR,

BIRZESILMERFEERITIR, AAhXERSIZEHEARATE (RAM) B,

ClickHouse NERERME—, FIBA , (RAJMEAZ FEBHERERIIT,

FRAERE

FRPINHBEFSEIRBAIRE], KIBRIREN , M IZILEREESSLEIHDLEY, XHEFFTL :

o INERSIHIMERE.

IRSAERRE (a.b) , ARMWASZ— ¢ 7, BETEFMGES , WeJCALREMEE . - BFE ¢ JIFRMANER., -BK
RIERHESERE ( index_granularity B9EfE ) B (a, b) ERMERME , AAXMHBEARER, ®REZ , MEMASZ 5!
&, FIBAERR B RS R EESEE,

o NERIRELE.
ClickHouse LA H R FEREUHE | FTA , BUBRI—EIEMS | E4EHYTF,
o CollapsingMergeTree #1 SummingMergeTree 3|28 |, BIBSHE , SETIMILIEBEE,
EXMBELT , BEE—MRIBIAEM A7 ZBREBENXN,
KWERESWHEAMENATEREEETMN , EFRPEIMITIFHARFN SELECT BiRRIIEEE,
EEREHIFRA— TR

BE—MRHIF®R (ATHIFRERBRPITHRARN ) F—H#NER (AT HESIRSIXHNSMICENTREARN ) B
AR, XFERT , ERVRANTADARAFRRIANTAN — PRI,

YERA SummingMergeTree # AggregatingMergeTree 5|28t , XMFHIEEEH, BE , FRXESIZH , REJSH
M 22N EE, BENEIRRKE GROUPBY HIiTEEENERA TRITEZIIME, & SummingMergeTree Fll
AggregatingMergeTree , FERIIVHIFREARIT{TE , BERMELFABEMNAEE, ERME  XRNFTAXNEKE—KEN
PILARY , FFEIXATIESE RFINEENIREEH,

XFERT , ERPNMBLENRIESHCEERME , M THEEIREHIFRTAE, IHESEN,

HEF I E RBERNRE , Bh— M RIIERBEINAZRENAIFREN , EEENSRERBRATERENR. BTIH
MHEFREN AR RIEISR , FERRRMOIFEERIE , FLLERERNOBIEY THIBVIFRRITESEZEFH.

R3NP XEERFHINA

YtF SELECT &if) , ClickHouse D2 & el LAMERZRS|, 18R WHERE/PREWHERE FHAIEE FEXLERIAR ({ERiBi1aHE
BE—FIMEEAN) WaIUERZRS| : EFEREHSXBIIHRARVBOMS AR RZERAR | ETERIHXEN
FISRIANMIEE RN IN 2 LIKE RiAR ; ETF RS XEMIINELEL  ETEEIH»XBENRAINIBERA
:_Eto

Et , TR RO — P S X E L REIREINEZ ] EER, FTEAIFH , BERE | BEMSIBEER ; fFEmEM
BE ; BES MIEMBTEFETER , #2ERBR,

S5 EECEMN TS

ENGINE MergeTree() PARTITION BY toYYYYMM(EventDate) ORDER BY (CounterID, EventDate) SETTINGS index_granularity=8192

XFERT , XLEER



SELECT count() FROM table WHERE EventDate = toDate(now()) AND CounterID = 34

SELECT count() FROM table WHERE EventDate = toDate(now()) AND (CounterID = 34 OR CounterID = 42)

SELECT count() FROM table WHERE ((EventDate >= toDate('2014-01-01') AND EventDate <= toDate('2014-01-31')) OR EventDate =
toDate('2014-05-01")) AND CounterID IN (101500, 731962, 160656) AND (CounterlD = 101500 OR EventDate != toDate('2014-05-01"))

ClickHouse 2R IEERRSIHIEAFSHRIE | KIEZAPKHH XML SFSHRIENDX,
EXHERETR , MERSIATERARAN. EMERBERBRFTH , U, FARSIASLEERMIE,
EXAMIFH , ARERRS

SELECT count() FROM table WHERE CounterlD = 34 OR URL LIKE 'Y%upyachka%'

E#2 3 ClickHouse MIT— N &N BEGRERAZES| , [ & force_index_by_date I force_primary_key,

BANKMNSXBEREZNEZESCTERMNKIER. IMELT  JIERFEARSX (RSEA) HEIE. ER
P, BUERERAE , TREJIFTEAEZAE, Fit , UERBEMLEFERMNAFHFNENRSRIZHELXA
BESEEL,

PR (EUCEERS] , SKEMHR)

FEZEIRE allow_experimental_data_skipping_indices J7 1 A 8EERIELZ5], (31T SET allow_experimental_data_skipping_indices
=1 ) °

L ZR5|#E CREATE EAIMGIERD EBE X,

INDEX index_name expr TYPE type(...) GRANULARITY granularity_value

“MergeTree ZJFIBITREDEEIE E MHENZR S|,

ﬁ:%heEEuﬁEﬂHiz*ﬂ#" UFE’J’Q"B PERERAR LCEEE granularity value AR (KIEA/NARSIZE
index_granularity B3 ) ., XECAEEBITA where 1BABNT KHANHERIEIE , MR SELECT BRI 1EEY
HEES |

Nl

CREATE TABLE table _name

(
u64 Ulinté4,

i32 Int32,
s String,

INDEX a (u64 *i32, s) TYPE minmax GRANULARITY 3,

INDEX b (u64 * length(s)) TYPE set(1000) GRANULARITY 4
) ENGINE = MergeTree()

EBIPREIZSIEELE ClickHouse HT FEIX L E imAY BV iIREVEUIRE &,

SELECT count() FROM table WHERE s < 'Z'
SELECT count() FROM table WHERE u64 * i32 == 10 AND u64 * length(s) >= 1234

Z5|HRT A
o minmax FERRERARNMIRE (NRFVEAXZ tuple , WFAE tuple RENMTHEIRE)  ILERATIIRIE
3R, ELER,

o set(max_rows) FFEEERIAXIIE—E (FEIL max_rows 4, max_rows=0 MR " LREH. ). XEEFESTHTFR
& WHERE RIAXNZEHEEMNIEIR,

o ngrambf_vi(n, size_of_bloom_filter_in_bytes, number_of_hash_functions, random_seed) TZf&E & HIBRAEFAE n TTEIEMN 7


https://en.wikipedia.org/wiki/Bloom_filter

fgitigss, ReTHEFESFSR L, FTATFMK equals |, like F1 in RAXAIMERE, n -- BIBKE,
size_of_bloom_filter_in_bytes -- FRF&ILIEEZ N/ , BAFT. (EAELHESBIF , FTUEELLRAKRIE |, g02568%512) ,
number of hash functions -- FaF&iE 822 FR{ERIMY hash BRIENEI N EE, random seed -- hash ERZEIREN Fh T+,

o tokenbf vi(size_of bloom filter in_bytes, number of hash_functions, random_seed) ER ngrambf vi ZE{) , REF ngrams 7%

EFFEREERENMERE. ERFERIFFBRIEFH BN,

INDEX sample_index (u64 * length(s)) TYPE minmax GRANULARITY 4
INDEX sample_index2 (u64 * length(str), i32 + 64 * 100, date, str) TYPE set(100) GRANULARITY 4
INDEX sample_index3 (lower(str), str) TYPE ngrambf_v1(3, 256, 2, 0) GRANULARITY 4

F&R BRI

RS RAIF RG], HAVERS AN, ®RE<2 , SEMZMNEHRRA , REASAEWRIN—EHERPIZE, 2ERK
BRI, IRANZFRRFIZEL

HRAVIZRER B NFHITH,

BIR R A
2B MergeTree RYBHIRTZHEIA :

o ReplicatedMergeTree

o ReplicatedSummingMergeTree

o ReplicatedReplacingMergeTree

o ReplicatedAggregatingMergeTree

o ReplicatedCollapsingMergeTree

o ReplicatedVersionedCollapsingMergeTree

« ReplicatedGraphiteMergeTree

BIRRRRAE , FREMRS BRI, U, RSB[EFTURKESHRIMIESHIR,
BlAREKEIMD F. BN RBEEBCHIRIEIR,

3$F INSERT 1 ALTER BAIRFRIENSEERNERATHES (ESER , BALTER ),

il CREATE , DROP , ATTACH , DETACH 1 RENAME BRAIRSEE MRS E LMIT . FEWEH,

o The CREATE TABLE TEiZ{TILIBETMIARS Z LEIB— M SR, NRILREFEEMRS R £, NAZRANHA
B,

e The DROP TABLE fifRiztTItE1BRIARSS 28 ERIEIA,

o The RENAME EfpRB—PMEIK, #®AEHR , s EHRAENEI R AEREIIRFT.

BEAREE , FAREXMHHIRE ZooKeeper SEEFAYMIHE, FI40 :



<zookeeper>
<node index="1">
<host>example1</host>
<port>2181</port>
</node>
<node index="2">
<host>example2</host>
<port>2181</port>
</node>
<node index="3">
<host>example3</host>
<port>2181</port>
</node>
</zookeeper>

EE ZooKeeper 3.4.5 S E ShR A,
{RE] AR E{EAIIL B Y ZooKeeper ££8f , AASFEAEREME RRKEFEITTHE (1ZBERECIETEFIRNIETE ) .
WNREEXEFHEEIRE ZooKeeper , ML ELIEEFIR , FEREAUNEMEHFIRIET HRIE,

SELECT BRHAEE(EH] ZooKeeper , EARF AR SELECT FItERE , BlREFIRSEEFIREER—H#MN, EBHH
AT , ClickHousefJ&b 1B 5 = 3@ 18 B max_replica_delay_for_distributed_queries
fallback_to_stale_replicas_for_distributed_queries {24,

SFEA INSERT 1B , RBE/LANMBESRKRAMERIARINE ZooKeeper, (FtNHY , XZ2EHIW B MEANBURER, 81
INSERT i5A#J% max_insert_block_size = 1048576 {THIREFRIRIESEMFE—MR, ) BLLIEEHR , Bk 25 INSERT
ROFEIRREK —LE, (ERZRRBERINEWRNEBIE — INSERT i EBWALIE , FEBEEMEM, —4> ZooKeeper EEEEAE
5B ClickHouse SE8# 7 E#IMEBH /LB INSERT, BIREANSHE (SWIITHR) TURTAERNRE—1#S.

SFAEERBEEE | RO] MEARFEIR) ZooKeeper £EFATARMISD F. AT , BIfE Yandex.Metrica &8 ( K£93008 AR5
2 ) tHIEREARFEXAM,

EHRIRSERP. INSERT iBE) (AR ALTER ) AIARAIERFIARIRSE, BIESEEANMTZEDNRSEL , A
FRERZEMRSE. ATERRSHN , AEMBEA LREBANKIERE —LER, MRIDEIERTA , WHEEH
AANBEA, BIRRTANERT , WIERRH @8 W48 4 48 SR R T R RO AT (8],

FIAMBERT | INSERT IBRIRFFH—NEIRBAMINGERE, NRBIEBIRINEA—NEIRGZEISAENRS SEZRNBT
£, WFENBIERER. ZEERBESEASEIRTWHIARE , £/ insert_quorum EIJ,

BAMIBIREAZREFM, INSERT MHBURBIREIRES max_ insert block size = 1048576 {T#H{THIR |, EiFiL , R
INSERT fARIITLTF 1048576 , M)i% INSERT 2/FEFHY,

BIBREFE, WFHSBXENHERZIER (K/NEEEEBHEBEINFERITISRER) |, ZRNEBEA—RX, XHFi&T
MERERRH —EMEHERE iR AR A LERIEREMINEADSB | LA AR EES INSERT , IBHEBMEIELR
ZAZSNEIE INSERT HASEBIRE, ERiXLE INSERT RREMEN (SKREE ), ZESHSERSH/IRE
merge_tree, (EE : Replicated*MergeTree AR2EE , NEZE zookeeper BT MergeTree AR EE )

EEHEE , RSEEBANRBIRBEIME N, #—PHORELR (§7) SEMERIA LUERNANEITAERT.
XFEATURARER R MEER , XERENERSENRNRERLD , KBRS HETFERY. (EEABHREROFR
MRS RERBANGINEZRF. )

{RE] AR BURMMER S HIEIA. Yandex.Metrica EEFHRERANEIR, E—EERT |, AE SRS FEER RAID-5 5%
RAID-6 1 RAID-10, Z—F A a] e/ ERIRRTT R,

AR EMBIFREBRISER , AEREKRERIRE. HEXRBEEMNN (NT/NMBEER) S+ B0 (HBIEER
RBRAR , XAREEREBEEHR) .

el FER =R BN



TERS|ZERBF LN Replicated BIZ%, 5140 : ReplicatedMergeTree
Replicated*MergeTree S

e z00_path — ZooKeeper FiZ&RMIR1Z,
o replica_name — ZooKeeper FAYIZFTRAVEIERZHF,

ANGIE

CREATE TABLE table_name
(

EventDate DateTime,
CounterID UInt32,

UserID UInt32
) ENGINE = ReplicatedMergeTree('/clickhouse/tables/{layer}-{shard}/table_name', ‘{replica}')
PARTITION BY toYYYYMM(EventDate)
ORDER BY (CounterID, EventDate, intHash32(UserID))
SAMPLE BY intHash32(UserID)

EFAMERIEER

CREATE TABLE table_name
(

EventDate DateTime,
CounterID UInt32,

UserID UInt32
) ENGINE = ReplicatedMergeTree('/clickhouse/tables/{layer}-{shard}/table_name', ‘{replica}', EventDate, intHash32(UserID), (CounterID,

EventDate, intHash32(UserID), EventTime), 8192)
M EBIFAR , XIESHETAB S RBRN SMURT , MAESHED, ENSBREBRIEEXHE 'macros’ ARERHDEEER
B, =l :
<macros>
<layer>05</layer>
<shard>02</shard>

<replica>example05-02-1.yandex.ru</replica>
</macros>

“ZooKeeper RIZZRMEZ" WEN A EFREERE—, FRESHF LHNREBARAEMNERZ, IMBELT , BZEETH
IXLEERSY

/clickhouse/tables/ = /N3RS , FANVEEFFERXA,

{layer}-{shard) BB RIRERS, FEULREIS , BF Yandex.Metrica EBER THENE , FINERHEB Y EMM, B3
FREBHBEAFRN , IRRFEIRE {shard} SMIFFENR] , ESBHRER D HHFR,

table_name RiZFRIE ZooKeeper FHEFF, FHLY ClickHouse PHIREZHEBILLETF. XEBEEMHIBAENX , IR ClickHouse
REBL—E , EHASH RENAME 1361814,

HINT: you could add a database name in front of table_name as well. E.g. db_name.table_name

Bl RBMATIMRAR— N RO ANARRIA. RRICAERRSSREM , M EFMR. BNSH A NERIANEI A RFZRE

o

M UERXIBEEXLSE , MAREREE R, WSS/ NRERXRESBRAE, B2, XIMBERT , MAREEE
5% DDLi&R] ( ON CLUSTER ),

ERAARERN  BITBWERLZER , BANERTUMRHHEIRTEEM,
EB/BIARMRS 2 LiziT CREATE TABLE &if], FEIRMMERIR , SAMERRIMFEIE,
MREMBIA LERSTRELERE  ARLEANFEIE , WEETIEQRE , RESNEMBIREFZFHEIE, RODIER ,



BlIAEEMEIRRD,
EMFREIA , £ DROP TABLE , {EERMIFRIRA - I Fia1TXERRIARS 28 LRI,

Rk E
R AR SS 28 /2 BNAT ZooKeeper ARTF |, MEFIRENR A RIZENX, RASTEEIAEER ZooKeeper,
R INSERT Hi8) ZooKeeper ANFIF , BREES ZooKeeper REM A £ IR , MMHREE,

E#E ZooKeeper fa , RAATHRERMXHRAPHBUIEER D STNHIRIEIESE ( ZooKeeper FFELLER ) —X, WRTF
ARMNA— , RAELS5EIRE T BIERER,

MRAFEMEIFIFFIBIRE R B (SUHFR/NMRIR ) BEFIRBIMIFER (BAXAHRFERICRAE ZooKeeper FHIERS )
WZLEABNZ] 'detached’ FEF (A&MER) . MEIAFEMEMRDIOEBEIEERIES RBIWREFIRL,

iE= | ClickHouse REMITE(IMIRMEIRIE |, BN BN MIFRAE IR,

HARSZEREEN (5 ZooKeeper BIUFRIE ) B , ERMBEMBEXUHIREBFN AN, MRXHERNN-—BEFEBELEEF
THRIERT , RRUHENE , LBEZHIREN SELECT BIRHAENZ 24NE, ZEWR5I KRB LEHESE
RRNA—BHRE, SMHELT , ZEARSHFMEIEIEATIF , AESENNEMBISHES,

NRAFHBIRRSTHRBEHIERAK , WML Z2H6., RSB[AEDSTICRIERABTHERLEH, SMERRAIER
BHIR , flW, — o EREIARINCENFIND A EEIA. A, ENGNEERESHEIR  EESHERELIE
ARESHIMMER, EXMEAT  RIERENRFENRN , BILAFENRIFME,

E & RRE |, PI1E ZooKeeper FEIEETI & /path_to_table/replica_name/flags/force_restore_data , T = {HRIAREMAZS ,
G TSR EFT BT EHI5R

sudo -u clickhouse touch /var/lib/clickhouse/flags/force_restore_data

RIEEERSE. B, RS BSMFRXLERSHFRRE,

ERRETEERENRE
IR E R — MRS BT SURFITTAURENEA T | BREUT S RATIRE -

1. #ERRS5 88 E &R ClickHouse, B A IMANHEBEIANEEXHREMEXZEE , MRBARAIE ,

2. NRIRZBE LBEEFIRNNIMFNES] , sTLAMBIARRS 28 £ (17E Nvar/lib/clickhouse/data/db_name/table_name/ B &
) EFIEN0EIE,

3. MBIABRS2E EREHIMITF narlib/clickhouse/metadata) FRIRE XIER. MREREXEERERNIETE T 57 A EIAAR
RFT , BEEEUNEENNTFZEIER, (59, BoBRSEs , AR STE /varlib/clickhouse/metadata/ FAY.sqI SR AERY,
FTBH) ATTACH TABLE iB6), ) 4.ZFIAIRE , ZooKeeper REIET =
/path_to_table/replica_name/flags/force_restore_data , TTRAB AR , 1T SRMEMBEHIAIZER : sudo -u clickhouse
touch /var/lib/clickhouse/flags/force_restore_data

RIERDIRSE (MREEBTUNER) . BESMEIRPTEH,

H—MIREFHNE M ZooKeeper ( /path_to_table/replica_name ) FHIFRERIEENBIANAETESR | AEBREB CIE]
S HIFR"PI A E R R A,

S HREIM M 455 B BIREl, 1HEERX—R , LHRE-RIKERSEIE,

MergeTree 3&1 59 ReplicatedMergeTree

FAMER MergeTree RTRR MergeTreeZ % HRIFTERSIZE , ReplicatedMergeTree [EIE,



MRIFE—NFHEFH MergeTree T , BAILUFHEIER N AT EFHIR, WMRIFEEE MergeTree RAWET AERKIRE , 7
BMEZEAES , W] BARITXERIE,

IRENEIR LHRIEA— , WEENEHITEY , NERFREN— IR, HREthPrEEI & La9EiE.

BB AN MergeTree R , ARERIBRFMEIEE ReplicatedMergeTree R, JEEIBMIBRBENEIFER
( Wvarflib/clickhouse/data/db_name/table_name/ ) B3RMAH 'detached' BRH, ABEHEAR—PEIAR _EIZIT ALTER TABLE

ATTACH PARTITION , J§iXLE403E A ERA IR TEEH,

ReplicatedMergeTree 4% g MergeTree

EREMZHEIZE MergeTree &R, 1§58 %E ReplicatedMergeTree REUBH B RPMIFT B HIERNBFRMIIEERT., ARG
P& ReplicatedMergeTree TR EHT R BNARSS S,

MRRBERBNARS 2RHVIER TERR ReplicatedMergeTree 3R :

o MIBRTTEVER RAHIMERL sq X ( /var/lib/clickhouse/metadata/ ) o
o MR ZooKeeper HAYFEMN #&12 ( /path_to_table/replica_name ) ,

Zla , fREILABENARSS 28 | BB — MergeTree R , WEIBEBNBNHEB R , AREHBNRSE.

= ZooKeeper SEEF I TTENE & REUIRIARTIRE 7575
91 ZooKeeper VIR R LSRR , g0 EFTA |, fRAT BUBIT R IR 2 I B RIRKRFHRIE,

BHE X7 X
MergeTree RYIAIR (BIFETEFIER ) aJAMFEAP X, ETF MergeTree TR YL ILE hZHFH X,

—MAXRERIFEMNZEAS —ENRMWICRE, FJUREBREAEITOX , NRA , REANZEHLE, ATRLE
BEREEIRE , 80 O XERD FFMER, 1EEiER | ClickHouse REERAX LS XHIR/NFE,

XZTE ER B PARTITION BY expr FAIFHEE, HXEEIURXFIEMARAR, FlU , BERANKX , RIAX A
toYYYYMM(date_column) :

CREATE TABLE visits
(
VisitDate Date,
Hour UInt8,
ClientID UUID
)
ENGINE = MergeTree()
PARTITION BY toYYYYMM(VisitDate)
ORDER BY Hour;

NXBEHETURFRANITA (M E5 ). fFlw:

ENGINE = ReplicatedCollapsingMergeTree('/clickhouse/tables/name’, 'replical’, Sign)
PARTITION BY (toMonday(StartDate), EventType)
ORDER BY (CounterlID, StartDate, intHash32(UserID));

EfIF, BINREZR - BEARANSEHERDKX,

HAEBAZIRPE , SERBESFENRERAIIFNIRER (R) . BAR10-1590% , B—2XHEIMHEBREEHI—
BMRER



==
=

BLEBHERDXRAVENBIER BT 2EH., XBRE MANZAABHANSEKAR (BE—F4M0K) . BN, SRAXGRATNXGBE
MBERFANXMERTTS | B8 SELECT BN,

AJBAEI system.parts REBRABRMAKXER, 190, RIRFATE— visits T , TFADK, ¥ system.parts RHAIT
SELECT :

SELECT

partition,

name,

active
FROM system.parts
WHERE table = 'visits'

r—partition——name r—active—
| 201901 | 201901_1_3_1 |
| 201901 | 201901_1_9 2 |
| 201901 | 201901_8.8_0 |
| 201901 | 201901_9.9 0 |
| 201902 | 201902_4_6_1 |
| 201902 | 201902_10_10.0 | 1|
| 201902 | 201902_11_11.0| 1|
| 1

- OO0 = O

partition FITFEERXIBHF, LREIFEFHR DK : 201901 F1 201902, 7E ALTER ... PARTITION &R R LAEAR1ZFE
RIEENX B,

name %394 X REUIEE ERH9EF, 7EALTER ATTACH PART i&A) AR a] LAERILL 5B kI E B ER &,
XEH(IRETE 72003 © 201901_1.3 1 :

o 201901 B XEFR,

o 1 REERNRNRS,

o 3 REERNZEARS,

o 1 BREKH (AERRAMNSHIF , ZREFPIRE ) .

=31

|[BEBIRAVFERRFRH ¢ 20190117_20190123 2 2 0 ( R/NBE - RABH - RIVREFES - RARERS - H&K5) .

active FURAEURES, 1 BUERE ; 0 IERUEIRTS. ERERREBLEESHIBRAFERZERRWRRERER, HIFH
IR Bt RR NIRRT,

FMERGIFEFEEIN , @—2XHPELNEIIAFER (B30, 201901 1.3 1 F1201901_ 1.9 2 ), XEMREXLHERE XK

G#f. ClickHouse KATEBAR 1S HERMESHIFF  SHBANKIERER. LI , (RERTAEER OPTIMIZE A E
EmITEH. Al

OPTIMIZE TABLE visits PARTITION 201902;



r—partition——name r—active—
| 201901 | 201901_1_3_1 |
| 201901 | 201901_1_9_2 |
| 201901 | 201901_8_8_0 |
| 201901 | 201901_9.9.0 |
| 201902 | 201902_4 6_1 |
| 201902 | 201902 4 11 2 | |
| 201902 | 201902 _10_10.0| O |
| 201902 | 201902 11 11 0| 0|
| 1

0]
1]
0]
0]
0]
:

ERERBRSESHEN10D A MR,

EEREBEMPXEEMNS —MAERFARIIE SR . Nvarlib/clickhouse/data/<database>/<table>/ , 140 :

dev:/var/lib/clickhouse/data/default/visits$ Is -

total 40

drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 1 16:48 201901_1_3 1
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 5 16:17 201901 _1 9 2
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 5 15:52 201901 _8 8 0
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 5 15:52 201901 9 9 0
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 5 16:17 201902_10_10_0
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 5 16:17 201902_11_11_0
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 5 16:19201902 4 11 2
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 5 12:09 201902 _4 6 1
drwxr-xr-x 2 clickhouse clickhouse 4096 Feb 1 16:48 detached

X '201901_1.1.0', '2019011_7_ 1" ERFERINEBE %K. BMNAEBES—IMTNMAYXEX , #FERBEXMNENEE
(AP RZASX) .,

detached B RFMEER DETACH IBAINRPDBIIA R, MIFHFERBSBEIZER , MAZMER. RS J[ARE
3 detached BRARIFER, BIARERTRAN , MIFRSUECKIE B RPBIEIRE - BT ATTACH EERET , RS [ASBAE,

ITE  ERFERSEN , RREFNEAXGRELHRERESERE , BARSBAZBAZXLESN, WTEEHR,
_ILM" ARSZ BRI LERFITIXLERE , EARRWGIHFM, WTFEHR , AEMAER FTHBAEERH BRXH,

ClickHouse 2#53f 73 XITIXLEARE © HlfRSTX , A—IREFEF—IR , HLIBEM. THROXHMBIERE  BSH
X ERAYIERE —T,

ReplacingMergeTree
i%3|EfMMergeTree AR Z MEFEA MR EBHR T RS SN,

BIBRNEERRESHIIERHI, SHARERMMNEIEREHT , ALRTEMEER TR, B LiIEeTREMR#H
182, RE(ROILAIAA OPTIMIZE BAI&EITXIINIEH , BiIEAEREFERTE , EH OPTIMIZE BASS| & AELIEN
BB,

[t , ReplacingMergeTree EBRTFEGRBHFREENHIBUTEZE , EREAMRIESEESMHIELI,

e

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]
(

name1l [typel] [DEFAULT|MATERIALIZEDIALIAS expri],

name?2 [type2] [DEFAULT|MATERIALIZEDIALIAS expr2],

) ENGINE = ReplacingMergeTree([ver])
[PARTITION BY expr]

[ORDER BY expr]

[SAMPLE BY expr]

[SETTINGS name=value, ...]



BRSEHEIR , BEBERSLL
ReplacingMergeTree Parameters

o ver —HRAT, ZEAEF Uint*, Date B DateTime , A[IESE,

BFHBVEHE , ReplacingMergeTree METEBEBGHEREERAVITHIRE—ITET : -WIR ver JIKRIBE , EFRE—F, -
R ver FIEIBTE , iEF ver ERAMIRAE,

T8

Bl ReplacingMergeTree TREY , FESBIIE MergeTree RETHERERIF A,
/7 BRERMEBRAE

==

R

AEEHMEPERZAGE , FJEEME , BRFIEmME RS LR T5E,

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
name1l [typel] [DEFAULT|MATERIALIZEDIALIAS expri],

name?2 [type2] [DEFAULT|MATERIALIZEDIALIAS expr2],

) ENGINE [=] ReplacingMergeTree(date-column [, sampling_expression], (primary, key), index_granularity, [ver])

FRT ver IFFBSEERS MergeTree HEIE XAEE.
o ver - hRAZI, FIESE , EXUA , S X,

SummingMergeTree

Z5| B4 KB MergeTree, XBITETF , HEFH SummingMergeTree TREVEIIEF ERET , ClickHouse RIEFTEEBHRE R
T8HI—T, RTEATHSHNITHEERERERENIIFLAE, NRERNVASHNESEMRENNTREN
17, W] AR ZH RO FEZEFANREBEERINEE.

FAEFIFZEI A MergeTree —i#CfERA, FIA0 , FEESMMEHIRHE |, 1 TBIVEIBFME MergeTree RF , FEER
SummingMergeTree RIFERSINIE, XFH7AR ME(RE RENERARNERMERASHAMERBMENRUE.

2R

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
name1 [type1] [DEFAULT|MATERIALIZEDI|ALIAS expri],
name?2 [type2] [DEFAULT|MATERIALIZED|ALIAS expr2],

) ENGINE = SummingMergeTree([columns])
[PARTITION BY expr]
[ORDER BY expr]

[SAMPLE BY expr]
[SETTINGS name=value, ...]

BREHER , &F EFRiEA,
SummingMergeTree HS#

o+ columns - BETRHEWLEMTINIIRBHITTHE, FESH, FMENTIUNRRERE , FERTUTERS,
NRIZEIEE columns , ClickHouse RIEFMBENEERPIEEL BT HITILE,



Fa
BlI# SummingMergeTree RAY , EESEIE MergeTree FTRETHEEIRF A,

/' BEENERAE

+ =z

HE
AEEHRMEPERIZAGZE , FTEENIE | BI5 BB k2 EiRAE

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
name1 [type1] [DEFAULT|MATERIALIZED|ALIAS expri],
name2 [type2] [DEFAULT|MATERIALIZEDI|ALIAS expr2],

) ENGINE [=] SummingMergeTree(date-column [, sampling_expression], (primary, key), index_granularity, [columns])

f& columns SMNIIFTESEERS MergeTree RIS MAHEL,
o columns — BB EWLLMIINIIBIIITH, LS., BXIEE , B5HE L,

FiER A
ERMTHR

CREATE TABLE summtt
(
key UInt32,
value UInt32
)
ENGINE = SummingMergeTree()
ORDER BY key

A EPIHALE
) INSERT INTO summtt Values(1,1),(1,2),(2,1)
ClickHouseR] ER R BIVGLEMR BT (W F3) EHNEERPERTRSEL sum 1 GROUP BY FaJ,

SELECT key, sum(value) FROM summtt GROUP BY key

r—key——sum(value)—

| 2| 1]

| 1 3]

| L |

BIEALIE

HEBRIBARRAPES |, AVFREFRTF, ClickHouse EEASFHIBAREERER , AEXNIHEXNPTERBEHEE TR
THRIIITLE | BXETERMERILEBIRN—1TIER,

A

ClickHouse &% FEREHEIE , UETARNBIEF TP SEEHRTENT , IENLCEAARREESRETRTEN,
It , REFE sum() F1 GROUP BY FRIMNIXTE ( SELECT ) EifiBRIPMER , W ESXPBVFFATR

CERgE RN
DIREBERRMESHCE, XEIHWESESE columns FIETE X,
MRAFLLMAEYFRIE R0 , MIZITSHEMER,



MRINAEERPELERLS , WEERBHEREE—,
ERAEMNIPHERSRLE.
AggregateFunction 7 Ff;C &
$+F AggregateFunction 2£2U89%1 , ClickHouse {R¥EX RIER IR 79 AggregatingMergeTree 5| ZHRE,
BRELSH
KPP AR A R MR EREBURSEM,
IRBMERNBMA Map £ , HFABSELWIMFSUT RN
o E—FIREELE (‘Int*, Date, DateTime) , FATHFZH key,
o Efh#9ZIREITHER (“Int", Float32/e4) , BAFRZ A (values..),

REXNMHRERIWHER N — key => (values...) FIBREY , HEFHENRITH , BMUIBERWTRIWIRE ey S§H P
RZf9 (values...) RIC2ME,

N

, 100
, 100
, 100
, 100

1+[(2, 150)] -> [(1, 100), (2, 150)]

1+ [(1, 150)] -> [(1, 250)]

1+[(1, 150), (2, 150)] -> [(1, 250), (2, 150)]
, (2,150)] + [(1, -100)] -> [(2, 150)]

>
>

BEREIER , A sumMap(key, value) RERIT Map #HITRSE,

NFERERIESEM , MAFEINTAPREEIUNHEITLE.

AggregatingMergeTree

%S| BHRE MergeTree , T THIER RIS Hi1B4E, ClickHouse £ HEEHEIEAEIT (E—MUBRER ) ik
PNENFE—RIBERBURSHIT.

BJBAMEH AggregatingMergeTree FRRMILBEHIBA TR S , EEVHHEMNIERS,

512 FEEA AggregateFunction 2 EIRAMIEFT BT,

NREBFR—EMNREFELD1TE , MEER AggregatingMergeTree EEIER,

BR

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]
(

name1 [type1] [DEFAULTIMATERIALIZED|ALIAS expri],

name2 [type2] [DEFAULTIMATERIALIZED|ALIAS expr2],

) ENGINE = AggregatingMergeTree()
[PARTITION BY expr]

[ORDER BY expr]

[SAMPLE BY expr]

[SETTINGS name=value, ...]

BRSHMR , B2 EGEIL,

T8



Bl32 AggregatingMergeTree TRAY , EFIIREIEE MergeTree T"—HMIT A,

/' BFRANERAE
NOERAEREHME PEMKTE , FTRERIE , BIFIBME IRE R T5E,
CREATE TABLE [IF NOT EXISTS] [db.]Jtable_name [ON CLUSTER cluster]

(
name1l [typel] [DEFAULT|MATERIALIZEDIALIAS expri],

name?2 [type2] [DEFAULT|MATERIALIZEDIALIAS expr2],

) ENGINE [=] AggregatingMergeTree(date-column [, sampling_expression], (primary, key), index_granularity)

TENFFESLERE MergeTree HIHI—HE,

SELECT #0 INSERT

AR , EEATHERS -State- BEHY INSERT SELECT 188, M AggregatingMergeTree R EREIEET , BEH
GROUP BY FRAIHBZFASBARBRNKRSXRL , BEEZNN Merge ,

7£ SELECT EiRHILZRT , 3T ClickHouse BIFT B #i 8 AggregateFunction ZEFEIFI(EERSEIN 745 EM _#HIR 7%, W
REER SELECT B HXULEIE , FIUNaNA TabSeparated &I , AL XLS HEUEHEEEER INSERT EANEHS A,

RV ERRE
BIE—MNRER test.visits T AggregatingMergeTree ¥I{LLE :

CREATE MATERIALIZED VIEW test.basic
ENGINE = AggregatingMergeTree() PARTITION BY toYYYYMM(StartDate) ORDER BY (CounterID, StartDate)
AS SELECT
CounterID,
StartDate,
sumState(Sign) AS Visits,
unigState(UserID) AS Users
FROM test.visits
GROUP BY CounterlD, StartDate;

[ test.visits AR

INSERT INTO test.visits ...

BIBEAREHAEAZIRFIME S , FEME testbasic RIFEEMMEIERS
EFEREHIRE , FANEERE testbasic fLE LHMITHEL SELECT ... GROUP BY ... XM EE

SELECT
StartDate,
sumMerge(Visits) AS Visits,
unigMerge(Users) AS Users
FROM test.basic
GROUP BY StartDate
ORDER BY StartDate;

CollapsingMergeTree
Z5| B R T MergeTree , HERIBREHEEZRRINTIHBITHIZE,
CollapsingMergeTree 2 FSRIMIER (T2 ) XLEFRTIFES Sign B 1 1 -1 BIEUIN , ERFIEFERMEEESFIRMITHY



17. RERNNITEHRERE, ESNATEESIXNITEED,

Ht , Z5|Ze] LA B Z2ERFMEEHIES SELECT EIENE,

#R

CREATE TABLE [IF NOT EXISTS] [db.]Jtable_name [ON CLUSTER cluster]

(
name1 [type1] [DEFAULTIMATERIALIZED|ALIAS expri],
name2 [type2] [DEFAULTIMATERIALIZED|ALIAS expr2],

) ENGINE = CollapsingMergeTree(sign)
[PARTITION BY expr]
[ORDER BY expr]

[SAMPLE BY expr]
[SETTINGS name=value, ...]

BERSHMHEIR , SEBERSH,
CollapsingMergeTree £}
o sign —RBTIKE . 1 BRE"1T, 1 BBUE"1T.
FIEIRAEEL — Int8.,
Fa

Bl# CollapsingMergeTree AT , EESAIZE MergeTree TATHRBIIIF 4,

/' BRERANERAE

=

==Y
AEERMBERERZAE , FTREMNIE | BIF BB kS £ 7%,

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
name1l [typel] [DEFAULT|MATERIALIZEDIALIAS expri],
name?2 [type2] [DEFAULT|MATERIALIZEDIALIAS expr2],

) ENGINE [=] CollapsingMergeTree(date-column [, sampling_expression], (primary, key), index_granularity, sign)

BRT sign RIFTESHERS MergeTree AIE XARE,

o sign —ERDIWEF 1 1 BUKE"T, 1 BBUE"1T.
HIEHELE — Ints,

he
R

ERAEFEANENMTRRAFARECHBIENER, UFA—IHEEEFEITIERATEREEAECNERCRESTE
HEEY , (BEREFIRIEN DBMS KR GHRAZEN , BHEFTEESHFMRTNAE, MREFFERENSALIE , WEH
BRIERARIERH , (BRIRAT IR T m AR 1t 55— NI REE,

AEBANTHEHRERRFENT Sign, IR Sign =1 MRRX—ITRWRIPRZ , BAFZ R RE"1T. R sign=-1 WF
TN EEHEERBMIIRSITHECE |, Bz A BE" 1T,

oign , BAVEETERFPEREIERVRIRTTE TE A R E IR EF BRI B, EE IR , BAHFAFENIRES
AT EZXFEHIT,



UserlD——PageViews——Duration——Sign—

[
| 4324182021466249494 | 5| 46| 1|
| 1 | |

—EgRtiElfE , HANBEATEMNMITRICKA AN,

| UserlD——PageViews——Duration——Sign—
| 4324182021466249494 | 5| 146 -1

| 4324182021466249494 | 6| 185 1|
| 1 |

FTEETEMNNR (BF) RS, EREEFWEVEIPRSITRMRERT Sign HIEM,
FITEI T HAEVRZ,

ERBNNRAFZEAFENNRERS | XET

T UserlD——PageViews——Duration——Sign—
| 4324182021466249494 | 5| 146 1|

| 4324182021466249494 | 5| 146 -1]
|

L | | |

AIUERENRILN (B IRSHIBHEMBIER, CollapsingMergeTree STES FHEUIE H ERFIBHMEMIX 4,
R LBANNERNTEE 2 1T NENEEEER,
XA ENRE
1. BAMEFMIZIENRIPRSNTEI AEGEE, “BUB"EMENIZE RS " EFBMNES , RTHERL sign, ©iE
N7 FENYIREEI AN , BEEEABIEERE,
2. HFEAMRE , 7RKIVERIET SRS I Z2INE, SRR , WEHS,
3. SELECT MERBAEENATNRETEHEN—HHE, EESBARIBNEER, EA—BBIBEBPRSEEI AT
RIZER |, Bla0 , BSEREXFIE BRI T1E.,
=73
g ClickHouse EH B HERRY , BEEBHERFRIVESITH AL AARNBIEHIT , —17 Sign=1 (“RK&"1T) , 517
Sign=-1 (“BUB"1T) , #%a1EH , QBHIAET,
W EMNMERMEIEERS ClickHouse R7F :
1. B—NEUEFIRE—NRE"1T , IRRE"FBUE 1T E LA
2. |JE—NRET , PRSI BUBE" T2 — 1
3. FE—NEUET , MR “BUE T RE 173 — 1N
4. %817, EEMFRBELT,
BH AWML, (BR ClickHouse REILE R M EEERFFHICRERSHEP, INEREEMEBNIIBRIEAE
i — kAR,
At , IFERNZNTHITHIBIER, THERTEHTE  BERLNFEEINNRBRAET TREIKS,
Sign BRWAIMERNEHEEZNRIEFMBEHERETRNITHSER—MERHYERET  BEZRER 8BRS L,

ClickHouse FAZ £ F2RALIE SELECT 3K , FRBAE BN AR FITRIINF, WMREM CollapsingMergeTree FRHFRENTE
2B RHNRE  WEERS.

BRMIE , BfEM GROUPBY FAIFIATAEBMNENRESRMREIER, fli , ETHERE |, £ sum(Sign) AR
count() » ETTEEYRVZH , A sum(Sign *x) MAR sum(x) , FZARID HAVING sum(Sign) >0 ],



REMK count,sum # avg FAILAXMARUTE, MR- INKRELE - PREITELPRE , WEIBAHE uniqg BE, min
0 max RELIETE , AR CollaspingMergeTree RARRFHBIRSHERALEICR,

MRMBFBENHEITRSHIER TIRNEBE (I , ERERSFERNESHERMGLEHNIT) , RAJMUE FROM K&
FRER FINAL 21H1F, X755 RARERIAY,

Nl
g E:
T UserlD——PageViews——Duration——Sign—
| 4324182021466249494 | 5| 146 1|
| 4324182021466249494 | 5| 146| -1 |
| 4324182021466249494 | 6| 185 1|
L 1 |
Bx:

CREATE TABLE UAct

(
UserID UlInt64,
PageViews UInt8,
Duration UlInt8,
Sign Int8

)
ENGINE = CollapsingMergeTree(Sign)
ORDER BY UserID

TR

INSERT INTO UAct VALUES (4324182021466249494, 5, 146, 1)

INSERT INTO UAct VALUES (4324182021466249494, 5, 146, -1),(4324182021466249494, 6, 185, 1)

FAMEAMIX INSERT BERKREIZM N ANERRIEF R, WMRBAMER —MEKIBEAEIRE , ClickHouse R BIE— 4R
REETRSMITEASHEE.

FRENENIE

SELECT * FROM UAct

T UserlD——PageViews——Duration——Sign—
| 4324182021466249494 | 5| 146 -1|

| 4324182021466249494 | 6| 185 1|
L 1 | |

UserlD——PageViews——Duration——Sign—

|
| 4324182021466249494 | 5| 146 1|
L 1 | |

BINBRTHL , MEBHE?

BT INSERT EK , HATCIRTANRIBS B, SELECT ERERMNEIZPHMIT , FAVEE THNIAFNT, &8
RENBRENTSESHEIEREL, ClickHouse 7 — MNEATATUA IR AN Z & FH 2B F B

ELEHANFERS -



SELECT
UserlD,
sum(PageViews * Sign) AS PageViews,
sum(Duration * Sign) AS Duration
FROM UAct
GROUP BY UserlD
HAVING sum(Sign) > 0

User|D——PageViews——Duration—

[
| 4324182021466249494 | 6| 185|
| 1 |

IRBANNFERSHEERBIEITINEG , FAVRIBAE FROM MNEHER FINAL {EIfiIE,

SELECT * FROM UAct FINAL

UserlD——PageViews——Duration——Sign—

[
| 4324182021466249494 | 6| 185 1|
| 1 | |

XMERBIENTERIFE RN, FTEEARPERE.

VersionedCollapsingMergeTree
This engine:

o Allows quick writing of object states that are continually changing.

o Deletes old object states in the background. This significantly reduces the volume of storage.
See the section Collapsing for details.

The engine inherits from MergeTree and adds the logic for collapsing rows to the algorithm for merging data parts.
VersionedCollapsingMergeTree serves the same purpose asCollapsingMergeTree but uses a different collapsing algorithm
that allows inserting the data in any order with multiple threads. In particular, the Version column helps to collapse the
rows properly even if they are inserted in the wrong order. In contrast, CollapsingMergeTree allows only strictly
consecutive insertion.

Creating a Table

CREATE TABLE [IF NOT EXISTS] [db.]Jtable_name [ON CLUSTER cluster]

(
name1 [type1] [DEFAULTIMATERIALIZED|ALIAS expri],
name? [type2] [DEFAULTIMATERIALIZED|ALIAS expr2],

) ENGINE = VersionedCollapsingMergeTree(sign, version)
[PARTITION BY expr]

[ORDER BY expr]

[SAMPLE BY expr]

[SETTINGS name=value, ...]

For a description of query parameters, see thequery description.

Engine Parameters

VersionedCollapsingMergeTree(sign, version)

¢ sign — Name of the column with the type of row: 1 isa "state" row, -1 isa "cancel" row.



The column data type should be Int8 .
o version —Name of the column with the version of the object state.

The column data type should be Uint* .
Query Clauses

When creating a VersionedCollapsingMergeTree table, the sameclauses are required as when creating a MergeTree table.
2" Deprecated Method for Creating a Table

Attention

Do not use this method in new projects. If possible, switch the old projects to the method described above.

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
name1 [type1] [DEFAULTIMATERIALIZED|ALIAS expri],
name? [type2] [DEFAULTIMATERIALIZED|ALIAS expr2)],

) ENGINE [=] VersionedCollapsingMergeTree(date-column [, sampling_expression], (primary, key), index_granularity, sign, version)

All of the parameters except sign and version have the same meaning asin MergeTree .

e sign —Name of the column with the type of row: 1 isa"state"row, -1 isa"cancel" row.
Column Data Type — Int8.
e version —Name of the column with the version of the object state.

The column data type should be Uint*.

Collapsing
Data

Consider a situation where you need to save continually changing data for some object. It is reasonable to have one row
for an object and update the row whenever there are changes. However, the update operation is expensive and slow for
a DBMS because it requires rewriting the data in the storage. Update is not acceptable if you need to write data quickly,
but you can write the changes to an object sequentially as follows.

Use the Sign column when writing the row. If Sign =1 it means that the row is a state of an object (let's call it the "state"
row). If Sign =-1 itindicates the cancellation of the state of an object with the same attributes (let's call it the "cancel"
row). Also use the Version column, which should identify each state of an object with a separate number.

For example, we want to calculate how many pages users visited on some site and how long they were there. At some
point in time we write the following row with the state of user activity:

T User|ID——PageViews——Duration——Sign——Version—
| 4324182021466249494 | 5| 146 1| 1]
| I | | |

At some point later we register the change of user activity and write it with the following two rows.

I User|ID——PageViews——Duration——Sign——Version—
| 4324182021466249494 | 5| 146 1| 1]

| 4324182021466249494 | 6| 185 1] 2|
| 1 |

The first row cancels the previous state of the object (user). It should copy all of the fields of the canceled state except
Sign .



The second row contains the current state.

Because we need only the last state of user activity, the rows

T User|ID——PageViews——Duration——Sign——Version—
| 4324182021466249494 | 5| 146 1| 1|

| 4324182021466249494 | 5| 146 -1| 1]
| | |

can be deleted, collapsing the invalid (old) state of the object. VersionedCollapsingMergeTree does this while merging the
data parts.

To find out why we need two rows for each change, see Algorithm.
Notes on Usage

1. The program that writes the data should remember the state of an object in order to cancel it. The "cancel" string
should be a copy of the "state" string with the opposite Sign . This increases the initial size of storage but allows to
write the data quickly.

2. Long growing arrays in columns reduce the efficiency of the engine due to the load for writing. The more
straightforward the data, the better the efficiency.

3. SELECT results depend strongly on the consistency of the history of object changes. Be accurate when preparing
data for inserting. You can get unpredictable results with inconsistent data, such as negative values for non-
negative metrics like session depth.

Algorithm

When ClickHouse merges data parts, it deletes each pair of rows that have the same primary key and version and
different Sign . The order of rows does not matter.

When ClickHouse inserts data, it orders rows by the primary key. If the Version column is not in the primary key,
ClickHouse adds it to the primary key implicitly as the last field and uses it for ordering.

Selecting Data

ClickHouse doesn't guarantee that all of the rows with the same primary key will be in the same resulting data part or
even on the same physical server. This is true both for writing the data and for subsequent merging of the data parts. In
addition, ClickHouse processes SELECT queries with multiple threads, and it cannot predict the order of rows in the
result. This means that aggregation is required if there is a need to get completely "collapsed" data from a
VersionedCollapsingMergeTree table.

To finalize collapsing, write a query with a GROUP BY clause and aggregate functions that account for the sign. For
example, to calculate quantity, use sum(Sign) instead of count() . To calculate the sum of something, use sum(Sign * x)
instead of sum(x) ,and add HAVING sum(Sign) >0 .

The aggregates count, sum and avg can be calculated this way. The aggregate unig can be calculated if an object has at
least one non-collapsed state. The aggregates min and max can't be calculated because VersionedCollapsingMergeTree
does not save the history of values of collapsed states.

If you need to extract the data with "collapsing"” but without aggregation (for example, to check whether rows are
present whose newest values match certain conditions), you can use the FINAL modifier for the FROM clause. This
approach is inefficient and should not be used with large tables.

Example of Use

Example data:



UserlD——PageViews——Duration——Sign——Version—

[

| 4324182021466249494 | 5| 146 1| 1
| 4324182021466249494 | 5| 146 -1 1]
| 4324182021466249494 | 6| 185 1| 2|
| | |

Creating the table:

CREATE TABLE UAct

(
UserID UInt64,

PageViews UInt8,
Duration UInt8,
Sign Int8,
Version UInt8

)
ENGINE = VersionedCollapsingMergeTree(Sign, Version)

ORDER BY UserID

Inserting the data:

INSERT INTO UAct VALUES (4324182021466249494, 5, 146, 1, 1)

INSERT INTO UAct VALUES (4324182021466249494, 5, 146, -1, 1),(4324182021466249494, 6, 185, 1, 2)

We use two INSERT queries to create two different data parts. If we insert the data with a single query, ClickHouse

creates one data part and will never perform any merge.
Getting the data:

SELECT * FROM UAct

UserlD——PageViews——Duration——Sign——Version—

[
| 4324182021466249494 | 5| 146 1| 1|

| | | | |
T User|D——PageViews——Duration——Sign——Version—
| 4324182021466249494 | 5| 46| 1| 1|

| 4324182021466249494 | 6| 185 1| 2]

| 1 |

What do we see here and where are the collapsed parts? We created two data parts using two INSERT queries. The
SELECT query was performed in two threads, and the result is a random order of rows. Collapsing did not occur
because the data parts have not been merged yet. ClickHouse merges data parts at an unknown point in time which we

cannot predict.

This is why we need aggregation:

SELECT
UserlD,
sum(PageViews * Sign) AS PageViews,
sum(Duration * Sign) AS Duration,
Version

FROM UAct

GROUP BY UserID, Version

HAVING sum(Sign) > 0

UserlD——PageViews——Duration——Version—

[
| 4324182021466249494 | 6| 185 2]
| 1 | |

If we don't need aggregation and want to force collapsing, we can use the FINAL modifier for the FROM clause.



SELECT * FROM UAct FINAL

UserlD——PageViews——Duration——Sign——Version—

[
| 4324182021466249494 | 6| 185 1| 2]
| | | | |

This is a very inefficient way to select data. Don't use it for large tables.

GraphiteMergeTree

This engine is designed for thinning and aggregating/averaging (rollup) Graphite data. It may be helpful to developers
who want to use ClickHouse as a data store for Graphite.

You can use any ClickHouse table engine to store the Graphite data if you don't need rollup, but if you need a rollup use
GraphiteMergeTree . The engine reduces the volume of storage and increases the efficiency of queries from Graphite.

The engine inherits properties from MergeTree.

Creating a Table

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
Path String,
Time DateTime,
Value <Numeric_type>,
Version <Numeric_type>

) ENGINE = GraphiteMergeTree(config_section)
[PARTITION BY expr]
[ORDER BY expr]

[SAMPLE BY expr]
[SETTINGS name=value, ...]

See a detailed description of theCREATE TABLE query.
A table for the Graphite data should have the following columns for the following data:

o Metric name (Graphite sensor). Data type: String .

o Time of measuring the metric. Data type: DateTime .
¢ Value of the metric. Data type: any numeric.

o Version of the metric. Data type: any numeric.

ClickHouse saves the rows with the highest version or the last written if versions are the same. Other rows are
deleted during the merge of data parts.

The names of these columns should be set in the rollup configuration.
GraphiteMergeTree parameters

e config_section — Name of the section in the configuration file, where are the rules of rollup set.
Query clauses

When creating a GraphiteMergeTree table, the sameclauses are required, as when creating a MergeTree table.


http://graphite.readthedocs.io/en/latest/index.html

2’ Deprecated Method for Creating a Table

Attention

Do not use this method in new projects and, if possible, switch the old projects to the method described above.

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]
(

EventDate Date,

Path String,

Time DateTime,

Value <Numeric_type>,
Version <Numeric_type>

) ENGINE [=] GraphiteMergeTree(date-column [, sampling_expression], (primary, key), index_granularity, config_section)

All of the parameters excepting config_section have the same meaning asin MergeTree .

e config_section — Name of the section in the configuration file, where are the rules of rollup set.

Rollup configuration

The settings for rollup are defined by thegraphite_rollup parameter in the server configuration. The name of the
parameter could be any. You can create several configurations and use them for different tables.

Rollup configuration structure:

required-columns
patterns

Required Columns

e path_column_name — The name of the column storing the metric name (Graphite sensor). Default value: Path .
e time_column_name — The name of the column storing the time of measuring the metric. Default value: Time .

e value_column_name — The name of the column storing the value of the metric at the time set in time_column_name .

Default value: Value .

e version_column_name — The name of the column storing the version of the metric. Default value: Timestamp .
Patterns

Structure of the patterns section:

pattern

regexp

function
pattern

regexp

age + precision
pattern

regexp

function

age + precision

pattern
default

function
age + precision



Attention

Patterns must be strictly ordered:

1. Patterns without function or retention .
2. Patterns with both function and retention .

3. Pattern default .

When processing a row, ClickHouse checks the rules in the pattern sections. Each of pattern (including default ) sections
can contain function parameter for aggregation, retention parameters or both. If the metric name matches the regexp ,
the rules from the pattern section (or sections) are applied; otherwise, the rules from the default section are used.

Fields for pattern and default sections:

o regexp — A pattern for the metric name.
e age - The minimum age of the data in seconds.
o precision — How precisely to define the age of the data in seconds. Should be a divisor for 86400 (seconds in a day).

o function — The name of the aggregating function to apply to data whose age falls within the range [age, age +

precision] .

Configuration Example

<graphite_rollup>
<version_column_name>Version</version_column_name>
<pattern>
<regexp>click_cost</regexp>
<function>any</function>
<retention>
<age>0</age>
<precision>5</precision>
</retention>
<retention>
<age>86400</age>
<precision>60</precision>
</retention>
</pattern>
<default>
<function>max</function>
<retention>
<age>0</age>
<precision>60</precision>
</retention>
<retention>
<age>3600</age>
<precision>300</precision>
</retention>
<retention>
<age>86400</age>
<precision>3600</precision>
</retention>
</default>
</graphite_rollup>

HE5IE RS
L3 ERHTBESAGS MURE (D F—EA1T) RO RMF LI,
XATINZILE -

o StripelLog



e Log
e TinyLog

HERBM
SE-%
o WIRTFfEEMIE L,
o SEARBEHIBEMEXHRE,
o NZHFRTIRME,
o F"EIFES,
XEBMKE SELECT FESCEEWNWERS,
o EEFIE NEIE,
MRFLEFRIA T SIRE , FIARSBEERXRT , FEEEI—KEE TRIMUBNER,

ER

Log #0 StripeLog 5|2z :

o F&RERIEE,
INSERT EXRMITHRPRSZWIE , FEEMINEERFENBERBXSHEIWERMER. NRIBEHRENIEK ,
EEBEMIZIFREBT AT RMIT,

o FHTIZEVERIE,
FEIZEVELIRERY |, ClickHouse fEFZ 472, S/ MEELERREIIRIRER,

Log SIZBRRPIE—INERARERIXM, StripeLog HFATBEMBIRTFMEE—XM4H. BEILL StipeLog 5IZEBRERFHR
ERAELHERRT , BR Log 5IZREESMILIEEE,

Tinglog 5|ERZAIIPRERMNSIZHBEM TRLVWINEMKEMAIMERE, Tinglog 3|BEARZFHFITIZENFIFF R BURED
i8] , B —IFREERNENXER, ELLERBMZFHHTIZEIGIZMZEEEE R , ARER T Log 3|ZR#S
BT, (RA]AERRNEARNBER T ERE.

StripelLog
Z3EETFESIIERT, BELSZRNNEHEEIENLRBHNESR,
EMEBESATZNRIEE (NF—EAT) NRNHETERXIE,

e

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
columni_name [type1] [DEFAULT|MATERIALIZED|ALIAS expri],

column2_name [type2] [DEFAULT|MATERIALIZED|ALIAS expr2],

) ENGINE = StripeLog

ERERBRIVFEMILEA,

SR



StripeLog 3| ZBIEER B INTFMETE— R, WE—IX Insert &K , ClickHouse $E #IBHRIBIERENRE , RIB A,
ClickHouse A EKKRE AT XX :

o data.bin — FIEST,
o index.mrk —HHRICHIN ., IRCER T EBANENIBRAESIINREE,

StripeLog 5|24 X#5 ALTER UPDATE #0 ALTER DELETE 1&f{F.

s

AT fHETS ClickHouse PTMAFFHTRVIRERZNE. XEIRE SELECT BIREITHIRAF R FUMNET, £ ORDERBY
FRWITHITHF,

ERRA

Bx

CREATE TABLE stripe_log_table
(

timestamp DateTime,
message_type String,
message String

)
ENGINE = StripeLog

RARUE

INSERT INTO stripe_log_table VALUES (now(),REGULAR','The first regular message')
INSERT INTO stripe_log_table VALUES (now(),REGULAR','The second regular message'),(now(),  WARNING','The first warning message')

FAMERMPIX INSERT 15K data.bin SEFPEIEFRMIHER,

ClickHouse EENRFERERA S 4IE, BIMARBIZINEMMBIERAETHAEHIZANREILRT, IHNERZE , ASH
BT | PRI A A R AR MR B IR 7 2R RE6Y, FIa0

SELECT * FROM stripe_log_table

————————————timestamp——message_type——message ]
| 2019-01-18 14:27:32 | REGULAR | The second regular message |

| 2019-01-18 14:34:53 | WARNING | The first warning message |
| | |

————————timestamp——message_type——message |
| 2019-01-18 14:23:43 | REGULAR | The first regular message |
| ! |

SEERAF (FUAEF)

SELECT * FROM stripe_log_table ORDER BY timestamp

——————————timestamp——message_type——message ]
| 2019-01-18 14:23:43 | REGULAR | The first regular message |
| 2019-01-18 14:27:32 | REGULAR | The second regular message |

| 2019-01-18 14:34:53 | WARNING | The first warning message |
| ! |

Log



H&ES TinyLog AR ZAET |, "tRic" B N\XHSIIXGFE—E, XERCEESIMRERE , AHESRBE X
Limis EIRRMAME IR IREU A BRI IR E T, X(EFATUES MEAFREPIZERERE. YT HE&REDR , FICAE
BHITIZERME , MBEANREMNEEZNMAEES A, Log 53IEARZFHRS, BEF , MREARKK , MiZRFGWET , 7
BAZRIZEFRETRIR, Log 5IEERM TIRATEHE , write-once REA KM EKER B B,

TinyLog
BE2HR3IE , BTERBEHRERS L. SIBEMESMIES G, SAKN , SIBEHINEIERE,

HERBFEHCARZEFMRE : - IRENMARPIERNAERFNEBDFEAN , MiZFRMEENHES - MRERBEAZSIME
HPEIR , WEIRAF IR,

RS | ZHAAER write-once : BEERRBA—REIE , ARREFEZXIZE, ERESNRPRIT. HRIDIELR,
eS| & A FAEMNRNEIR (BIE&21,000,0001T) , MREFHFS /KR, WERLRSIZRESH , BRHEttLog5|ZE
EER (FERITANXMED) . HERABAREBNRN , FIESSHUEERT , BETEELEHE DBMSHEMAT , N
R RER RINLNIRER TinyLog KEMRERH. FARHFESL,

£ Yandex.Metrica 1 , TinyLog R T/t = IBRYH (B EHE,

Kafka

3|25 Apache Kafka 5 &£,
Kafka 4&iE -

o RFIHEITHABIER.

o BERTFMENSI,

o ROIETREIE.

ERIE

Kafka(kafka_broker_list, kafka_topic_list, kafka_group_name, kafka_format
[, kafka_row_delimiter, kafka_schema, kafka_num_consumers])

FARFE T -

Kafka SETTINGS
kafka_broker_list = 'localhost:9092',
kafka_topic_list = 'topic1,topic2’,
kafka_group_name = 'groupi’,
kafka_format = 'JSONEachRow',
kafka_row_delimiter = "\n',
kafka_schema =",
kafka_num_consumers = 2

WESH

o kafka_broker_list — LAIE 543 BRHY brokers %1% ( localhost:9092 ),

o kafka_topic_list — topic FlIZ (my_topic ),

* kafka_group_name - Kafka HZR2AEHF (groupt ). MRAFLEHBEEHTEE , BESIMPFPERERNESR,

o kafka_format - JH2EMEN, FERAS SQL Z7HY FORMAT EEEERRFE , HI90 JSONEachRow , THRFFMIER |, 15

S%E Formats 2857

IESE

W


http://kafka.apache.org/

o kafka_row_delimiter - BMNBEEKR (185 ) Z BRI PR

o kafka_schema - SIREEITIEINEE— 1 schema Bt , LbSHUWE, 140 , Cap'n Proto BE schema X4 RE1Z A R IRE I
% schema.capnp:Message IR F,

o kafka_num_consumers - BANRAIVGEBEHRE, HAMER 1 1, IR—NERENTULEARR , WEEESHERE,
HBENSEANZET topic PAXHNKE , BEABNMNIEXRESE—NERE,

N

CREATE TABLE queue (
timestamp UlInt64,
level String,
message String
) ENGINE = Kafka('localhost:9092', 'topic', 'group1’, 'JSONEachRow');

SELECT * FROM queue LIMIT 5;

CREATE TABLE queue2 (
timestamp UlInt64,
level String,
message String
) ENGINE = Kafka SETTINGS kafka_broker_list = 'localhost:9092,
kafka_topic_list = 'topic',
kafka_group_name = 'groupi’,
kafka_format = 'USONEachRow',
kafka_num_consumers = 4;

CREATE TABLE queue2 (
timestamp UInt64,
level String,
message String
) ENGINE = Kafka('localhost:9092', 'topic', 'group1’)
SETTINGS kafka_format = 'USONEachRow',
kafka_num_consumers = 4;

HENRESWEMER , At NERERRNBERAERFICR—K, MIRFEERESRALE , NWERS—MERCE
B,

HBRERUREREFBESHZEEY, FlI , MRBEEFEI10NEFISNREIE , WEMBIMFRE2NED, IR
BIAREREZN , TEFENERIFSHEHSE., THRESERBVIE http://kafka.apache.org/intro,

SELECT BN FiZEVEEHARREA CFIRSS ) , BOBRERRERIEZN X, ERMHNEEIRIHNAIZEL
F. &R

1. fER5IZERIE—1 Kafka JEBREFHE B —F BB,
2. QIB—EHR,
3. SIEMIILAE | S ERER G4 IRE | BRM BB HIEEBMA Z Bt EHRT,

% MATERIALIZED VIEW JRINZES|Z , T SERENERIE. PILATFE NIt Kafka UREEEIEH@IT SELECT SEIBEE
R ETEEMERI,

i


https://capnproto.org/
http://kafka.apache.org/intro

CREATE TABLE queue (
timestamp UInt64,
level String,
message String
) ENGINE = Kafka('localhost:9092', 'topic', 'group1’, 'JSONEachRow');

CREATE TABLE daily (
day Date,
level String,

total UInt64
) ENGINE = SummingMergeTree(day, (day, level), 8192);

CREATE MATERIALIZED VIEW consumer TO daily
AS SELECT toDate(toDateTime(timestamp)) AS day, level, count() as total
FROM queue GROUP BY day, level;
SELECT level, sum(total) FROM daily GROUP BY level;
RTIESHEE , BEZHEBWE S E R max_insert_block_size K/\HIIR, WERKTLE stream_flush_interval_ms E¥ARAZRL
R, MARDIRTEMY | B HRIERFRIRT,
(B LR EABHES E NGB |, 1§ detach ¥(LILE :

DETACH TABLE consumer;
ATTACH MATERIALIZED VIEW consumer;

SNR(ER ALTER BB IRR , BT BREBMKRSUEPHRIEZEAFEER , HEFELYEAE.

&

5 GraphiteMergeTree 2£{ll , Kafka 5|12z #HERClickHouselc E X 43t 1T RECE, sJNERANEER | 25 (katka ) Fl
FHER (katka_* ), BENMALERE , AENBEILEE (NREFE) .

<!-- Global configuration options for all tables of Kafka engine type -->
<kafka>
<debug>cgrp</debug>
<auto_offset_reset>smallest</auto_offset reset>
</kafka>

<!-- Configuration specific for topic "logs" -->
<kafka_logs>
<retry_backoff_ms>250</retry_backoff_ms>
<fetch_min_bytes>100000</fetch_min_bytes>
</kafka_logs>

BEXIFMRRBIRINGIR , 15517 librdkafka configuration reference, 7E ClickHouse BERERTXIZ% () , HAEER

= (.). 580, check.cres=true 4§ <check crcs>true</check cress o

MySQL
MySQL 3| ZE 8] AN T 7EIZTE MySQL ARS3 28 ERYERIBINIT SELECT &Eif,
A

MySQL(host:port, 'database’, 'table', 'user’, 'password'[, replace_query, 'on_duplicate_clause']);
BASH

e host:port —MySQL AR5 g8ttt
o database — FIEERIBRFR,


https://github.com/edenhill/librdkafka/blob/master/CONFIGURATION.md

o table — KRB,

o user —HURERF,

o password — FAFZERG,

o replace_query — 4§ INSERT INTO EiAREE A REPLACE INTO BItRE, 1R replace_query=1 , ME L

« 'on_duplicate_clause' — 4§ ON DUPLICATE KEY UPDATE 'on_duplicate_clause' TRIATLRINEI INSERT EZigiE®H, 1
Ul : impression = VALUES(impression) + impression , WREBEZHEE 'on_duplicate_clause' , MFTEIXE replace_query=0,
WERERHZE replace query =1 F 'on_duplicate clause' , MEMHFE,

LERT |, S8R9 WHERE Fa) (0 =, =, >, >=, <, <= ) 27 MySQL ARZ £ 1T,
HREZH UK LIMIT EH#LARBRINENMYSQLME BTN /G 7 7 ClickHouse #1117,

MySQL 5|ZEARSZHi Nullable ##E368Y , FLt , SMMySQLERAIZENEIER , NULL 4R PIBETIREMIINME (BE R
OENZEFAFE) o

Distributed

PN BEREREFMEEBUE, Br]AES MRS B E#HITHRRNEW, EREMFITH, iZEE , TFERSBRMRS] (W
REMIE ) 2WER, PHN5IZSH  RISRENEHPNERS , TEREER , ZERE , R RF® (7)) .
i

Distributed(logs, default, hits[, sharding_key])

FRMLT "logs” 5 EF P default.hits RATB RS 23 LIZEVERE. ZRERSB[BAXATIREEIE , £ R 0T e iEMER5Y
Sb3E, 190, 3HF{ERA GROUP BY ME , MIEEXEZRERZBRE | ZFRORSRBIRPERSLERERIIRS
22, BEBKNRSSE L#E—FZILE8IE,

BUBEBSBRTREBEERZIN , ] EROFHFEINEERIAN, 140 : currentDatabase(),
logs - BRS3 23 EC B X HRIEEE R R,
EEBRPIRENT -



<remote_servers>
<logs>
<shard>
<!-- Optional. Shard weight when writing data. Default: 1. -->
<weight>1</weight>
<!-- Optional. Whether to write data to just one of the replicas. Default: false (write data to all replicas). -->
<internal_replication>false</internal_replication>
<replica>
<host>example01-01-1</host>
<port>9000</port>
</replica>
<replica>
<host>example01-01-2</host>
<port>9000</port>
</replica>
</shard>
<shard>
<weight>2</weight>
<internal_replication>false</internal_replication>
<replica>
<host>example01-02-1</host>
<port>9000</port>
</replica>
<replica>
<host>example01-02-2</host>
<secure>1</secure>
<port>9440</port>
</replica>
</shard>
</logs>
</remote_servers>

XEEXT—1MBRlogs’ IEE , EHBAND AN , BIMDHRESWIEIER, DHREESHERAEHDHIRSE (B
ZEFTERIE , W TARFRER R ) . BIRAREFMEEHBIRMARS S (EiZBFMEREE , EE—EIR LREBURERRT ) .

EHBMTEEARS,
BN RZBEEIETE host , port , FIAJERY user , password , secure , compression FJSEK :

o host —IEFEARSSERMIUE, AILAER, IPv4EKkIPV6, UIRIBEES , MARSERMETLE— DNSEX , FHIBEXK
HRSERSZ[/SITHIE —ERICK, WRDNSERKN , WRSAEE6. MRIRENT DNSISK , WEEE
BERRS.

o port —;BEMEEN TCP KO ( Mtcp_port s EEEIEEIRH 9000) , RNER http_port J&EiE.

o user - AFEBTERSEBAFE, BiAME : default, ZAFAUIENRIAONZZIERSEE, AN REEE
users.xml X&Hh, EZER , BEE AR S5,

o password - BT EREIZARSS BBMVERD, BINME | EFFEH,

o secure - BAEAssIIFITIERE , iR truely , BEHMNIZIZE port =9440, PREZEFHEUSEIT 9440 HEIEFEMVIE
£,

o compression - EEERAIEELD. EIAME : true,

RETEA , ZRRESNEINTHEZE—NTANES, AIREHHTEREE (MERIEFNHN) -FS
“load_balancing”i® &, WMRIRARZ[AVERATA , WESIRIBENNEE, NREEXK , WEFT—EIE , Kt
K, MRBABEIRMERZREARK , WEXABRENANBEE/LR, ZIIGEENTFRAENTAY , EAMRILETER
tH BEIZARS RN ERER , (BLEERE LIFSHRRAE.

fRE]AEE— (ZMERT , ERRFENZMAIZEER , MIARAHIER ) NEZSM0h. EFNOAF , AT
EE—PHERS M EIE, FNEAD A FIEERNRKENEIAE,

AR EFEEEERENES.

EEEFER , n]{FEH " “system.clusters” &,



BED M| E AGERAKMARS R —FEMAKE. BR , FHAZENT RN . (A NRESHFIEESIRS[EENS
P (R, AAMBERMENRSSHEE LBEEE) .

AZHAFHAREBINNAHAR (RIEZRRE—I7RH) . &R, ZERASHREEH " REL'NRER.

NHISIZEFEREHEEEAREXH, EEXAHTNEREERNNEN , TFEERSRE. MRFEXRZORHE
W—ASAMEIARZER , WRESED MR - MNZER TR REL, BFSHA"RER D,

AERERENTEZERM

— , BEEREEERWMLERES ABMLERSRE , AEEEB MR ERITEA. ®REOER , O HARLENR", ARIERE
INSERT, XRBRR/ENMBRAR - RAIMEREMDRAR , MTERUSKHHNFER , XJRREFEEN, XtEK
ERRRARE  BARIER U2 RIS ARG F.

— ERHARLEMITINSERT, AXMERT , N HARSERSZBORBARIE. ATEARHIAR , UNBERESH
B (RE—1M28). 3% MRAE—A0H , WERFERES BB THELF , BEAXMBERTIRBLER
)‘40

BANDREAUMEREXHPEXRE, RAMBRT , NEFT1, BIRKESFNERILONLEDH L, Fld0, MRE
AN BN RIRERY , MBI HANER10, MAX9/19MTEIE—NaR . 10/19TRIEZ4 S
HO

PR EIERE XA E X 'internal_replication' £,

SR E R true”lt , BIRERE—NMEENRIAS AR, MRS HARNTFREEFIR(*ReplicaMergeTree) , i5fE
FlttAx, #BaiEil , XEXLRIERENE S TERALMEESAMIENREABMAZRSHAR,

Hlt2HigE R false” (AIME) , BRFSFKBIFEBAMBEIF. EHRL , IBREENHARESRERIRIE. X
ARNNEAERRNET , BARSRERIAN— , FEBENEMHER |, BIAREITESBEER 1%

ERE—ITRIBLRZEWM NS FNAER , 8aATELFRAN , ABRBXIMEERRURES FHNELFERRE,
ZITREZEF BN ESIZRBMII prev_weight' ' prev_weights + weight' By FHEF X @ S E £, HE

'prev_weights' 2125 FRIERIFTE S FEINXE |, 'weight' 27 FIINE, Fl9 , MREBIDH , F—1M0TRNXER
9, MEZNDARERN0, MREE0,9) FHITREAFE MDA , REE9.19) FEITRAE D F.

FRTANA] N AEENRIVEMFEFIROBYRAN, B30, Ee]AERRIAD rand()' REEVL S ECEHE | HEER
'UserID' RiZAF ID MIRESH (HBERFPHNEEESRH 2N F L, ZEFEFERFESR INFOIN #9iEaE1T
WERE) . MRZIBIBDHABIIS , sJAFEBRERIIELH © intHash64(UserID),

XMERENAREREREDANAREEERE , AREER, CEATHREMARKE (RTEaRS:E) Winx , BRE
ATEEHE (MEANESRSR) WK, F—MEAT , MRELSHEZFEREENSAAR  MAREZASHN
RS 5 H,

SELECT EWWRWMAEEIMBESH , ARLRTIEES HHNMAS % (BMERET RN ) BRI EE TIE, RMFD A
B, AF BRIEEEEIZD . RRIUAHS A DREANEAGSHHUE - REESHEI ALY  EEBRERSN

1B17,
TEHNER , RBBEXETRAE
o ERAFEREMWERLE (INIOIN ) HNER, MRBIBRAZBEEITHH , WNERAH IN 5 JOIN A2
GLOBAL IN 2% GLOBAL JOIN , XHEFH,

o ERAXRERSE (LBANES) , BEEXE/NER (MIFFPHNER - MG , [T SENSFKEF) . ATENEBRE
MEANER , LRENEFHRELTRENTH EREEXK., HE |, EWFHAE Yandex.Metrica FRPTIEIARHE |, {RA]
MEERESH  BEANEBHUS AR, —PEAIREES MR, E4MEPRNBELTENEL  REFEESA
AMEESR , ERNRIEENS R, AREBELIESHIAR , BEIE— 2B HARATERENEIN,

HERFLBEAN, WFAHIRM INSERT , BIERASEMNHRE, 2ZEERRMERERIZFTIEMRSEE. R0



BEEERERPNIXAIIR (FHREEE ) REEHIEREMINGIZ : /var/lib/clickhouse/data/database/table/

GHSRTE INSERT BN AR BS BT REXNKER (W, REWE) , WEAANBIEFTESER. WRERERPENE
PIRBIES F , WSHHEHEBE"broken” FE R , AANBERA,

JEF max_parallel_replicas i£Iflg , REDRUABEIA LHITERLE, ESER , BEH"R
& , max_parallel_replicas”&B57,

External Data for Query Processing

ClickHouse 7 iFEfRSS 88 & X IR S RFTHAVEIE MUK SELECT &if, XEHIBHRE—MERERP (ESH "IENER" —
), AIEERRER (10, £ INBEFF) .

Bl , IMREE - N EAEBAFPRARIXAEXG , WA REESERLIIRTRMER - LEZIRS:E.
IRFECAREBIEBIBETZNEN , BAEEA R, RIFRAICHAE LERRIERE,
AJAMERAS TR (EERERAT ) SUEMA HTTP 0O LEIN R,
EHSITEFERT , B UEERINSHES
—external file=... [--name=...] [-format=...] [-types=...|-structure=...

T RHERNEE | FIREE S MXFERS.
--external - fRCFAIHYFE. --file - HRRFMIVIFHIEZ , 3E , EEMIRSTDIN, REEM stdin RIEREBNE,

RS HETIER : --name - RAVBFT , MREHEE , MRA _data, --format - XEFRIFIERN, MNREE , MNEH
TabSeparated,

MRS MIE— : —-types - ESDFRIILERITIR, FI40 : Uinte4,String . FIEHGERE R 1, 2, ... --structure - RLE
FIBIFRTL UserlD UInte4 , URL String . EXFIHEFUARER,

£ "file" FRIBTENIX AT EH "format” RIEERIMBTUREAT , (EM7E "types” 8 "structure” RIEERVEIELEY, ZRFGW LIE
FIARSS2E , AEF BTN "name"IlgATER,

N

echo -ne "1\n2\n3\n" | clickhouse-client --query="SELECT count() FROM test.visits WHERE TraficSourcelD IN _data" --external --file=- --
types=Int8

849897

cat /etc/passwd | sed 's/:/\t/g' | clickhouse-client --query="SELECT shell, count() AS ¢ FROM passwd GROUP BY shell ORDER BY ¢ DESC" --
external --file=- --name=passwd --structure="login String, unused String, uid UInt16, gid UInt16, comment String, home String, shell String'
/bin/sh 20

/bin/false 5
/bin/bash 4
/usr/sbin/nologin 1
/bin/sync 1

HERAHTTPEOR |, JFEREUIERL multipart/form-data #8218, BENRIEN—NBEMPXEFER, RBNEXHR,
"query_string" €144 "name_format", "name_types"#l"name_structure" , EH "name" BIXLESE N AIRIIBETT,

SBNE N EERAGLITE RIS XAER.

i



cat /etc/passwd | sed 's/:/\t/g' > passwd.tsv

curl -F '‘passwd=@passwd.tsv;' 'http://localhost:8123/?
query=SELECT+shell,+count()+AS+c+FROM+passwd+GROUP+BY+shell+ORDER+BY+c+DESC&passwd_structure=login+String,+unused+String,-

/bin/sh 20

/bin/false 5
/bin/bash 4
/usr/sbin/nologin 1
/bin/sync 1

WFAHRNER , FiaRRLEZDAETERSSE.

Dictionary
Dictionary 5|Z4¢FHEIER R A — 1 ClickHousefI3R,

oign , ERER—TEBUTEER products FEE :

<dictionaries>
<dictionary>
<name>products</name>
<source>
<odbc>
<table>products</table>
<connection_string>DSN=some-db-server</connection_string>
</odbc>
</source>
<lifetime>
<min>300</min>
<max>360</max>
</lifetime>
<layout>
<flat/>
</layout>
<structure>
<id>
<name>product_id</name>
</id>
<attribute>
<namestitle</name>
<type>String</type>
<null_value></null_value>
</attribute>
</structure>
</dictionary>
</dictionaries>

ERFHEPAILIE

select name, type, key, attribute.names, attribute.types, bytes_allocated, element_count,source from system.dictionaries where name =
'products’;

SELECT
name,
type,
key,
attribute.names,
attribute.types,
bytes_allocated,
element_count,
source
FROM system.dictionaries
WHERE name = 'products'



r—name————type——key———attribute.names——attribute.types——bytes_allocated——element_count——source———
| products | Flat | Ulnte4 | [title] | ['String] | 23065376 | 175032 | ODBC: .products |
| I | | | | l

fRE]BAE AR dictGet* BRERIREUZ B TR F BLERHR,

HMMEEFNRAHIE B RBEGH JON BRIEMEHME | XMHMEFH LB L5, WFXEER , R UAER
Dictionary 5|28 , ERJLAMEFHEIERRERR,

1BE
CREATE TABLE %table_name% (%fields%) engine = Dictionary(%dictionary_name%)"
~f

create table products (product_id UlInt64, title String) Engine = Dictionary(products);

CREATE TABLE products

(
product_id UInt64,

title String,

)
ENGINE = Dictionary(products)

Ok.

0 rows in set. Elapsed: 0.004 sec.

BE—EBRPHIRE,

select * from products limit 1;

SELECT *
FROM products
LIMIT 1

—Pproduct_id——title ]
| 152689 | Someitem |
L |

1 rows in set. Elapsed: 0.006 sec.

Merge

Merge 3|ZE (REIR MergeTree 5|ZERIE) RBAEFMAE , BB TRNMNEZS M EMAIRPIZINEE. Z2EMNFHIT
By, AZH/EA, IR, LR E F IS IERRNRS| (AREMIE) IWEA, Merge 3|ZENSE : —MUIEE
BN—MATLERBHENREAR,

N
Merge(hits, '""WatchLog')

RS hits FUEREEHRBLECIEN ' "WatchLog ' BYZRAFIZEY,
MRTHIEER , MEATUA—MREFHENEERIAN, FI9, curentDatabase() .

IEMFRIAT — re2 (52#5 PCRE — N FERIVINEE) , KNEBE, THRXTEMNRANFIEXFHHRARIZE "match” —

-
To


https://github.com/google/re2

HIERFTEIZNR , Merge RESSWHRR , BMEERE L TZIEN, XFRITHTEEER, ZHA , SEBEIERD
HETBREITIEET 5 EHERY Merge TR , BIXFHEEHLAEX,

Merge 5|ZBH)— NN FR B BMRERA— kR —H#ERAKXEDN Tinylog &K,
w2

BAMREIRE—MBR (WatchLog_old ) , {REERTHIBHNX T , (EXAEIEIBRIREBEIFR (WatchLog_new) £ ,
FERFEER BRI N RIVEIE,

CREATE TABLE WatchLog_old(date Date, Userld Int64, EventType String, Cnt UInt64)
ENGINE=MergeTree(date, (Userld, EventType), 8192);
INSERT INTO WatchLog_old VALUES ('2018-01-01', 1, 'hit', 3);

CREATE TABLE WatchLog_new(date Date, Userld Int64, EventType String, Cnt UInt64)
ENGINE=MergeTree PARTITION BY date ORDER BY (Userld, EventType) SETTINGS index_granularity=8192;
INSERT INTO WatchLog_new VALUES ('2018-01-02, 2, 'hit', 3);

CREATE TABLE WatchLog as WatchLog_old ENGINE=Merge(currentDatabase(), "*"WatchLog');

SELECT *
FROM WatchLog

———date——Userld——EventType——Cnt—
| 2018-01-01 | 1| hit | 3|
| I I |

—date——Userld——EventType——Cnt—
| 2018-01-02 | 2| hit | 3|
| I I |

EEH1Z

ENIIR—MARSIZREEMARERE X PS, HBMIEERE | XY FHEEE CREATE TABLE HIETE , HRIBATE
SELECT H{EFR,

FESHEIREBETFRE S

o EINIREREME X BIEE,

o NBEFI INSERT [@EHI5E 545,

ERARIEESERY INSERT BARY , IS ES I BREE,

. ERAES@EN ( SELECT* ) REMIIASBSEE@,
EiNTIAREHBINAE SHOW CREATE TABLE #1 DESC TABLE HIEiRERE,

Merge ZEBIFIREUE— Sting KUY _table BT, (WMREZRARERT— _table #9371 , X NEIMINREGHRE R
_tablel ; FNR _tablet BAMFET , MXNEMIISWAER I _table2 , {KILSEHE ) ZINBSWIZBIENIRE,

YN8 WHERE/PREWHERE FRIBARTH _table FIRM , FEGEMRIHEMIVT (WIERTRAN B RN — N TFIERIER
BANRAN) , XERGMNERSBERES|—#, XLEZHSERLETRERIZHIENRINRE LT , FRIRERSER
R T ZRHNR EEWT.

File(InputFormat)
SRR LA Clickhouse 1358 — i A#8 R ( TabSeparated , Native® ) TZfEIBRIX 1.
%R

o M ClickHouse S H#IREI {4,



o FFEIEMN—FENEE RIS — B,
o BT fRIEHEE RIS R EH ClickHouse FHEERHE,

7E ClickHouse AR 288 H9{EF

File(Format)

Y Format EEX$ INSERT 8f SELECT , BX LA TEIIR , F51F 18,
ClickHouse A"z #544 File IBENXUARLIRIZ, EEARSEZEE D path IREHIE KL,

£/ File(Format) BI2RAS , ERERXHRPEEZHNFER. SBIFESEAZERN , E25 2 FERTPH data.Format
XA,

R E]AERRS BXH R AR F IR L F XA RMXM |, AFET ATTACH FHEHEIZHEBNNBRIMIIR | SR
AN Z R EBRIET .

NEERERXANINEE , AR ClickHouse AR ERIFIX L HHESMERRISE DY, £ ClickHouse F# ClickHouse SMEBREIRIEA R
EMERENHER,

N
1. BI# file_engine table R :
CREATE TABLE file_engine_table (name String, value UInt32) ENGINE=File(TabSeparated)
ZHABA T |, Clickhouse &8I B & /var/lib/clickhouse/data/default/file_engine_table ,
2. FEBIE wvarllib/clickhouse/data/default/file_engine_table/data. TabSeparated X4 , FBBAIESAE :

$ cat data.TabSeparated
one 1
two 2

3. EiRXLERIE:

SELECT * FROM file_engine_table

r—nhame——value—
| one | 1]

| two | 2|
| !

£ Clickhouse-local rf4{sEFT

{3 clickhouse-local B , File 5|ZEFR T Format Z4h , EA] AR ER1ZB . FICMERRF A LNENBITRIBER
RN/, #1900 3% stdin , 1 3K stdout, U4 :

$ echo -e "1,2\n3,4" | clickhouse-local -q "CREATE TABLE table (a Int64, b Int64) ENGINE = File(CSV, stdin); SELECT a, b FROM table; DROP
TABLE table"

THRES<IR

o IFIRMERIRIFH %L |, BERFEARTE
o INZH:



 ALTER
o SELECT ... SAMPLE
o &5l

. BI&

Null
LS\ Null ZERET | S 2BEH0E, M Null KRR PIZEET | REZ,

B2 , AIFE Null REUp9R ERIZMNEE. BARNBUIBHERINES,

Set

IR FETF RAM RIEIESE., EERTFINEERNEM (FSR "INGER" &5 ) .

AJLAfEFS INSERT @RAIBALIE, FMTREGRMBIBIESED , MEETFR2EE, (BER2ABEN LR RMITSELECT 5
7, RRBIENE—TERE INGEFNEFHDERTE,

HIEIRLTFET RAMH, X4F INSERT , A RIBERESBEAME LHWRER, BaIlRSBEN | LHIEFMEHE RAM,
MR , EMEMNE , BURNATEFE,

SNFEGIRSR[ER | WA EHRERAI S EREBIT, ERIRERHFFNERT , TEEEFNMIRE SHRIALRIEFI
.

Join
INELEFRY JOIN REUES B IR ATEF,
Join(ANY|ALL, LEFTI|INNER, k1[, k2, ...])

S|EESEL . ANY|ALL - EIEEIH ; LEFT|INNER - EERR, EZEESE JOINFE, XLESHITERETSIS , B
MEZE JOIN RILE, k1, k2, ....2 USING FahEATEEM X,

b5 2R EEATF GLOBAL JOIN,

KT Set 5|12 , BJPAEF INSERT @RFAIMEIE. IRENANY R , ESRMNBESRZIE (XN—FBT%EE). RE
FALLE , EERMWBIRESSATER, THERN JOIN Rif#{T SELECT, REERUIRIE—TFE=RIFEIER JOINIER
BIAHR,

iR Set 51282l , Join 5| BIERIETFMEEME T,

URL(URL, Format)

BFEIETIE HTTP/HTTPS BRS3 28 LAVEIRE., %5128 {0 File 5|28,

£ ClickHouse AR 28 {ERS|E

Format W75 ClickHouse BJLAFSF SELECT EiRf—MIEl , EBWE , ®ErJAT INSERT , BXRZFIEINIITET
&, IB&%E Formats,

URL MR ER—RIREMTIEHN, BENURLUIFER—N HTTP B HTTPS BR523. YW FARSIRAON , AEZEMH



SNEY HTTP SLARiE,

INSERT # SELECT B paliEikiA POST # GET &R, T POST EXRAIALIE

o

N

1. 7£ Clickhouse BR%5 L 8IFZ —4™ url_engine_table 3 :

CREATE TABLE url_engine_table (word String, value UInt64)
ENGINE=URL(http:/127.0.0.1:12345/', CSV)

2. AtR/ER) Python 3 TRERIZ—MEARR HTTP RS H BIE :

from http.server import BaseHTTPRequestHandler, HTTPServer

class CSVHTTPServer(BaseHTTPRequestHandler):
def do_GET(self):
self.send_response(200)
self.send_header('Content-type’, 'text/csv')
self.end_headers()

self.wfile.write(bytes('Hello,1\nWorld,2\n', "utf-8"))
if __name__=="_main__'

server_address = ('127.0.0.1', 12345)
HTTPServer(server_address, CSVHTTPServer).serve_forever()

python3 server.py
3. &iFiEK:

SELECT * FROM url_engine_table

—word—-y—value—
| Hello | 1|

| World | 2 |

L I

o EEIRFEISIEH A
o AZHF:
e ALTER # SELECT..SAMPLE &{E.

. &3,
. Bl

View
BTFHENE (BXESER , 15218 CREATE VIEW &if ),

B, ERETIEER (FREBRPRIRAERLEN) .

MLARE

MEARENER (ESEEES@ CREATETABLE ), EREFEA— M RENGIE

, 2RSS

ERTFELE |

BRIZF R R

ERFHEMIE , NTZAEIEER SELECT &1, MFRFPiZEY

X5 | ZEZ2ECIBZYIMEMR


https://en.wikipedia.org/wiki/Chunked_transfer_encoding

ER4EE, HMRPIZEE , EMAERIZSIE,

Memory

Memory 5| ZLAKEERIF VG EIEFAETE RAM A1, BB 2 IRER RS AFME, ROIER , AXKRFIZEER
BME, FRBFEHRRESH, SCEE/  IXERERFSMEERE, TR, HIZEH TN, EEREER AR
REFR (BE10GB /) |, BReBHEIZE , AEEREFXRFICRE. (BREIENE, #¥3FEAT . 5
MergeTree S| ZERMEE/LF—H#E ) . ENRMRSEN , RPPVBIFREX  RIETHZ, BF , FALRSIZRTSE
B, BR , ErTATME , MREBENRLDIIT (&24£100,000,000) EFEBRERSHENEH.,

Memory 5| Z2H AL TG RH#AITIIEKIBNER (IESH "IINEPBIBRTERLIE" 25 ) |, BARAFSEIN GLOBAL
IN (IBEZ0"INGERF" B2 ) .

Buffer
ZHREIES A RAM b | FERME RIS EUERIFTE) 5 — 1R, EIZEURIER , B ME R XF] 55— NRIZEVEE,

Buffer(database, table, num_layers, min_time, max_time, min_rows, max_rows, min_bytes, max_bytes)

5|28 : database , table - ERIFTEIBIR, TAFERREIFEMFENEERANMARIIEERM. num_layers - 3
1TER, EYIEL | ZRBERSRF num_layers MHEITEHX, BiIVER16,
min_time , max_time , min_rows , max_rows , min_bytes , max_bytes - M 4E X Rl F1 BRI 14,

WMRFBRFE "min" FHHEL — "max" &4 , WNEFXRIFBIBHIEEEABERRKR. min_time , max_time — WE—
RE N HX B LAY Jo B AT RRT [ 5244, min_rows , max_rows - £&/R X F{THIIEEE., min_bytes , max_bytes - £ 41X
RET[REISEM,

SR, 8#EM num_layers MEHX FFEVIEA, E  MRBABIBRIARNEB KR ( XF max_rows 5 max_bytes ) ,
Mgt EPXEEE ANBIRR,

g "num_layers" B X RIFBIBHSZER S BITE, FI90 , 20R num_layers =16 H max_bytes =100000000 , MK
RAM;E#£45591.6 GB,

i
CREATE TABLE merge.hits_buffer AS merge.hits ENGINE = Buffer(merge, hits, 16, 10, 100, 10000, 1000000, 10000000, 100000000)

BIE— "merge.hits_buffer" & , &S "merge.hits" 188 , F{EH Buffer 5|2, B ALLREN , BUBLE HE RAM H
RES A "merge.hits" &R, SIET16MEHX, MRELIT T1008) , HEESBEA10071T , HESEA100 MBEHE |, MR
MEBNENXIEIE ; HEBNRENEE1E 710 H B 2425 A 710,00017F110 MBRIEIE, gD , MRIET—17, B4
HI00 ZfE |, BRI, ERMRE TRSZIT , BB SE RtRIF,

AR 28{= LAY , {85F3 DROP TABLE 3§ DETACH TABLE , & hmX #iEth &R 2 Binds.

AIAABBEENRBERN S SHIREEFHH, IRRFRKEENMR, AXMBERT , HAZBBERIFFAN , EPEHR
EIRERR, XA TRIFRIEE DEREPEEAN.

M Buffer RiZERRS , FNEHRXFBIRR (WRE ) LERIE. FER , Buffer RAZFRS|, HREER , EPXPHIEK
BHEEAME , WTAREPXREAERE. (WTERRPORIE  #EREZHNRSL )

9N3R Buffer RAAKIFIES BIRRPMIIERLE , WRBEBARNRPFENIINFE,

YNREES Buffer RIIBARRFHEIALE , WEERSBHSTPEABRBRFBHREIX, WRERFEFXEE
IRRAFE , W RERENEL



MRFZ R BIRKH Buffer RizfT ALTER , FATZIEMBR Buffer TR , IBEHIRRIGITALTER , AEHEXEIE Buffer &,
MRRSBREER | FPXPHEIEFTERX,

PREWHERE , FINAL 1 SAMPLE X4E/RRAEER, XLEFMPREERBIRR , EAATAREAXPEE, ELt, &
MR R ERABufferREITEA , FIfNBEIRRIHITIZEL,

REIRAMNE E R XA, BR—NMERXBUE, NREARAITIZRE , WESEHEE,

{@AZ Buffer RAPFEBUERIBEUAREMIRFFABIBIRE NB IR, ELt , Buffer RIBMEAFIERSA
CollapsingMergeTree, JiE Gt , e AIE "num_layers" i E A1,

MRBIFRERERR , WAESA Buffer RINZEXEGIRMFELTHANGE. BIESIEITRFHRNEIFEN S S IR
TEEE , IBREL AN ERIRIHITAIERN "exactlyonce”" BA,

HAFXERR , HANRBINER D EIER T ERA Buffer &,

HERAIREIAMNKERS J[EWEIANS INSERTs F EEBA ZRILEE PBURRER Buffer ® |, iIXZIREXLE INSERTs
TNEER B IRUHAIT,

IR, TRBA—TRIERSEE XN , BMENT Buffer RELZWL, X R=EESWLTTIERE , MEBAEXEK
RREVEIIUSEBEI—BAIT (SW 4" #9 ) .

JDBC

Allows ClickHouse to connect to external databases viaJDBC.

To implement the JDBC connection, ClickHouse uses the separate program clickhouse-jdbc-bridge that should runas a
daemon.

This engine supports the Nullable data type.

Creating a Table

CREATE TABLE [IF NOT EXISTS] [db.]table_name
ENGINE = JDBC(dbms_uri, external_database, external_table)

Engine Parameters

e dbms_uri — URI of an external DBMS.

Format: jdbc:<driver_names>://<host_names>:<port>/?user=<username>&password=<password> . Example for MySQL.:

jdbc:mysql://localhost:3306/?user=root&password=root .
o external _database — Database in an external DBMS.

o external_table — Name of the table in external_database .

Usage Example

Creating a table in MySQL server by connecting directly with it's console client:


https://en.wikipedia.org/wiki/Java_Database_Connectivity
https://github.com/alex-krash/clickhouse-jdbc-bridge

mysql> CREATE TABLE “test’. test™ (
-> int_id" INT NOT NULL AUTO_INCREMENT,
-> int_nullable® INT NULL DEFAULT NULL,
-> “float” FLOAT NOT NULL,
-> “float_nullable’ FLOAT NULL DEFAULT NULL,
-> PRIMARY KEY (Cint_id"));

Query OK, 0 rows affected (0,09 sec)

mysql> insert into test (Cint_id", “float’) VALUES (1,2);
Query OK, 1 row affected (0,00 sec)

mysql> select * from test;

' 4 ' ! s
+ + + + +

| int_id | int_nullable | float | float_nullable |

| 1] NULL| 2] NULL |

1 row in set (0,00 sec)

Creating a table in ClickHouse server and selecting data fromit:

CREATE TABLE jdbc_table ENGINE JDBC('jdbc:mysql://localhost:3306/?user=root&password=root', 'test’, 'test')
Ok.

DESCRIBE TABLE jdbc_table

—hame —type r—default_type——default_expression—
| int_id | Int32 | | |

| int_nullable | Nullable(Int32) | | |

| float | Float32 | | |

| float_nullable | Nullable(Float32) | | |
| !

10 rows in set. Elapsed: 0.031 sec.

SELECT *
FROM jdbc_table

r—int_id——int_nullable——float——float_nullable—
| 1 | NULL | 2 | NULL |
| | | |

1 rows in set. Elapsed: 0.055 sec.

See Also

« JDBC table function.

ODBC

Allows ClickHouse to connect to external databases viaODBC.

To safely implement ODBC connections, ClickHouse uses a separate program clickhouse-odbc-bridge . If the ODBC driver
is loaded directly from clickhouse-server , driver problems can crash the ClickHouse server. ClickHouse automatically
starts clickhouse-odbc-bridge when it is required. The ODBC bridge program is installed from the same package as the

clickhouse-server .

This engine supports the Nullable data type.

Creating a Table


https://en.wikipedia.org/wiki/Open_Database_Connectivity

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
namefl [typel],
namez2 [type2],

)

ENGINE = ODBC(connection_settings, external_database, external_table)

See a detailed description of theCREATE TABLE query.
The table structure can differ from the source table structure:

¢ Column names should be the same as in the source table, but you can use just some of these columns and in any
order.

¢ Column types may differ from those in the source table. ClickHouse tries tocast values to the ClickHouse data
types.

Engine Parameters

e connection_settings — Name of the section with connection settings in the odbc.ini file.
o external_database — Name of a database in an external DBMS.

o external_table — Name of a table in the external_database .

Usage Example

Retrieving data from the local MySQL installation via ODBC

This example is checked for Ubuntu Linux 18.04 and MySQL server 5.7.
Ensure that unixODBC and MySQL Connector are installed.

By default (if installed from packages), ClickHouse starts as user clickhouse . Thus, you need to create and configure this
user in the MySQL server.

sudo mysql
mysql> CREATE USER 'clickhouse'@'localhost' IDENTIFIED BY 'clickhouse';
mysql> GRANT ALL PRIVILEGES ON *.* TO 'clickhouse'@'clickhouse' WITH GRANT OPTION;

Then configure the connection in /etc/odbc.ini .

$ cat /etc/odbc.ini

[mysglconn]

DRIVER = /usr/local/lib/libmyodbc5w.so
SERVER = 127.0.0.1

PORT = 3306

DATABASE = test

USERNAME = clickhouse
PASSWORD = clickhouse

You can check the connection using the isql utility from the unixODBC installation.

isql -v mysqlconn

| Connected! |

Table in MySQL:



mysql> CREATE TABLE “test’. test™ (
-> int_id” INT NOT NULL AUTO_INCREMENT,
-> int_nullable® INT NULL DEFAULT NULL,
-> “float” FLOAT NOT NULL,
-> “float_nullable’ FLOAT NULL DEFAULT NULL,
-> PRIMARY KEY (int_id"));

Query OK, 0 rows affected (0,09 sec)

mysql> insert into test (Cint_id", “float’) VALUES (1,2);
Query OK, 1 row affected (0,00 sec)

mysql> select * from test;

' 4 ' ! s
+ + + + +

| int_id | int_nullable | float | float_nullable |

| 1] NULL| 2] NULL |

1 row in set (0,00 sec)

Table in ClickHouse, retrieving data from the MySQL table:

CREATE TABLE odbc_t
(
‘int_id" Int32,
“float_nullable® Nullable(Float32)

)
ENGINE = ODBC('DSN=mysqlconn’, 'test', 'test')

SELECT * FROM odbc_t

r—int_id——float_nullable—
| 1 | NULL |
| | ]

See Also

o ODBC external dictionaries

« ODBC table function

SQL Reference

o SELECT

o INSERTINTO
o CREATE

o ALTER

Other types of queries

SELECT &1i8hE;%

SELECT BAIATHRITHRIENRE,



SELECT [DISTINCT] expr_list
[FROM [db.]table | (subquery) | table_function] [FINAL]
[SAMPLE sample_coeff]
[ARRAY JOIN ...]
[GLOBAL] ANY|ALL INNERJ|LEFT JOIN (subquery)|table USING columns_list
[PREWHERE expr]
[WHERE expr]
[GROUP BY expr_list] [WITH TOTALS]
[HAVING expr]
[ORDER BY expr_list]
[LIMIT [n, Jm]
[UNION ALL ...]
[INTO OUTFILE filename]
[FORMAT format]
[LIMIT n BY columns]

FTERFREZERN , FRTSELECTZ FHRIAR IR (expr_list), TEHAFRBEETHINGZE —&NFAOHITIR
BR,

MREEWHRARES DISTINCT , GROUP BY , ORDER BY FAJLAK IN #1 JOIN F&if , BAEFNERAOHENAFRT
2RAMLIESE BN , INEEFERERENATF , RIEMEE TXERARE | max_memory_usage ,
max_rows_to_group_by, max_rows_to_sort, max_rows_in_distinct, max_bytes_in_distinct, max_rows_in_set, max_bytes_in_set,
max_rows_in_join , max_bytes_in_join , max_bytes before external_sort, max_bytes before external_group by , EAITHIIE T AT LA
ERINEBHEF (BIGRREFMERIMEEDR ) URINBRE | BRRSAAEEXTONMEE , ESXTE(INER | FTUS

W EE"#7.

FROM ¥ )

NREHPAAREZFROMFA] , B84 45158 system.one , system.one F{X BI S —1THIE (LRSLM T EHMBIEEEIER
ZFRIDUALEREIRITNEE )

FROMTAIME THMAMNR, BFEIH, SREHMFIZEEIE ;| FATARRAY JOINFEFIOINF AR AHMAEXE (I
B3 .

AAEAESEESENFENREAR., EXIMERT , FERNLAIRESMBEIINSNERRE. RNETFSQLIFE ,
FTERBLFRENR. ATHRE , FOJUEFERRERINAS 312, EREENRFIERERTE T,

R AMERARRIRAER , BXER  SU"REK .

MITERR , EE WP HAIFABTIER AT MNARPIRIEE  MRFEANRFERNARN , WEAEIISERTEE
EANG , FEERFNEBTZIBEN ;| WRMEHERERBTIHERIZ (B2, SELECT count() FROMt) , MAFERSMY
MRAEN—LEF (RIFIIEATRENNT) |, METETE,

R EHIFINALIELHFF X BEm8 45 {E B TESELECT from CollapsingMergeTreelz s, H{RFIFROMIEE T FINALIEIHFEFAT , 4R
MERERBSESHIRETHRES, EEIENRE , EXMELT , ERBEEEMNAFIZBAEEXNERY] , ANNE
ENRIEHITE # J_E'UERE élﬁFHFINAL{I“Tﬂif?E‘J El’ﬂ%%‘kﬁﬂ’]ﬁ'féo EREHERT | (REZE R ERFINALE
g, EBER , 5219 “CollapsingMergeTrees5| 23

SAMPLE ¥ f]

IBITSAMPLEF A PR A TIR A E IR | B BRI IB{REETEfEMergeTree* RRIMIRP , FHAERIBRNEER
BEXRHERIAR (B0 “MergeTree 3|22 49 ) ,

SAMPLE F &) 8] A{£A3 SAMPLE k SRR , EFFKE]AROZNMEVNRE , HER — M EBANERBRIE.

HkCRHORTBYNEEY , EEIFER 'K ERB S LLEREIRE, B30, SAMPLE 0.1 EWMR SR RHIELSERN10% Hkh—1PE
BARRERERKE  EERERKIEDRAEARL, 191, SAMPLE 10000000 BRI ZEFZS10, 000 , 0001T441E.

Example:



SELECT
Title,
count() * 10 AS PageViews
FROM hits_distributed
SAMPLE 0.1
WHERE
CounterID = 34
AND toDate(EventDate) >= toDate('2013-01-29')
AND toDate(EventDate) <= toDate('2013-02-04")
AND NOT DontCountHits
AND NOT Refresh
AND Title ="
GROUP BY Title
ORDER BY PageViews DESC LIMIT 1000

EXANMIFHR , ERBRREESENCT (10%) HNRE. ERIENE  ENTEIRERSRBRELNER , A
ATEFENMFRIER | FEHR count() IR F IR0,

% SAMPLE 10000000 XA NHITIEMERR , AFRE TIEAXTHERLIETMLRIERR SR BN IZ T
NLMER  IAXMARNANESERXMIZR FER,

ERERMNREFRGINERSE RN | IRB(NEBBIM B EEFEERTHRUE , BLAERNREFRLDZEBEE
HENER (EERMERABRNRFERIAN) , REER , RAEANBNE , AENRSSE , AERLEUBERNAN
SRR TRIF,

ougn , FATETCAERARFRN A VRIS SRNHITRFEERA P IDISIR, XFRE , (Rl AEINFERPERRE |, &
ERARENSREEthERHTTRE,

ARRAY JOIN 7]
ARRAY JOINF &) R] A BN E1iE (T S 4B Mnested MITEEL I EE, ER R X larrayloinl , (BEMINEET iZ,

ARRAY JOIN Z&E 2 [EF INNERT JOIN £44H, #7140 :



:) CREATE TABLE arrays_test (s String, arr Array(UInt8)) ENGINE = Memory
CREATE TABLE arrays_test
(
s String,
arr Array(UInt8)
) ENGINE = Memory
Ok.
0 rows in set. Elapsed: 0.001 sec.
1) INSERT INTO arrays_test VALUES ('Hello', [1,2]), ('World', [3,4,5]), (‘Goodbye', [])
INSERT INTO arrays_test VALUES
Ok.
3 rows in set. Elapsed: 0.001 sec.

:) SELECT * FROM arrays_test

SELECT *
FROM arrays_test

o
—s —arr 1

| Hello | [1,2] |
| World | [3,4,5] |

| Goodbye | [] |
1 ! |

3 rows in set. Elapsed: 0.001 sec.
:) SELECT s, arr FROM arrays_test ARRAY JOIN arr
SELECT s, arr

FROM arrays_test
ARRAY JOIN arr

—S———Tarnr—
| Hello | 1|
| Hello | 2|
| World | 3|
| World | 4 |

| World | 5|
L 1

5 rows in set. Elapsed: 0.001 sec.

{RERTEAJ9ARRAY JOINFEIFEE — M 3I% , iXEHMRR] LB X 512 R 5 $E PRI R | ERBIEARSNHA R NETR
REVBMEITUIE], F190

:) SELECT s, arr, a FROM arrays_test ARRAY JOIN arr AS a
SELECT s, arr, a

FROM arrays_test
ARRAY JOIN arr AS a

QD

| Hello | [1,2]
| Hello | [1,2]
| World | [3,4,5] |
| World | [3,4,5] |
| World | [3,4,5] |
| 1

—S |ar|' T
| 1
| 2

a > w__

5 rows in set. Elapsed: 0.001 sec.

HZSMNEBHEBEX/NIBEERESHEILMEARRAY JOINFAFET , ARRAY JOINSRENIRIRHIT (EESH , MA



—RENSEFZRRA) . flan:

;) SELECT s, arr, a, num, mapped FROM arrays_test ARRAY JOIN arr AS a, arrayEnumerate(arr) AS num, arrayMap(x -> x + 1, arr) AS mapped

SELECT s, arr, a, num, mapped
FROM arrays_test
ARRAY JOIN arr AS a, arrayEnumerate(arr) AS num, arrayMap(lambda(tuple(x), plus(x, 1)), arr) AS mapped

—s r—arr r—a—T—num—r—mapped—
| Hello | [1,2] | 1] 1] 2]
| Hello | [1,2] | 2] 2| 3]
| World | [3,45] | 3| 1| 4|
| World | [3,45] | 4| 2| 5|
|51 3] 6]

| World | [3,4,5]
L |

5 rows in set. Elapsed: 0.002 sec.

:) SELECT s, arr, a, num, arrayEnumerate(arr) FROM arrays_test ARRAY JOIN arr AS a, arrayEnumerate(arr) AS num

SELECT s, arr, a, num, arrayEnumerate(arr)
FROM arrays_test
ARRAY JOIN arr AS a, arrayEnumerate(arr) AS num

—s r—arr —a——nhum——arrayEnumerate(arr)—
| Hello | [1,2] | 1] 11,2 |
| Hello | [1,2] | 2] 2] [1,2] |
| World | [3,4,5] | 3| 1] 11,23] |
| World | [3,4,5] | 4| 2| [1,23] |
|51 3]

| World | [3,4,5] [1,23] |
L 1 1

| | |

5 rows in set. Elapsed: 0.002 sec.

79MARRAY JOINt R LA T fEfEnested #iELEM £, 140 :



) CREATE TABLE nested_test (s String, nest Nested(x UInt8, y UInt32)) ENGINE = Memory
CREATE TABLE nested_test

(
s String,

nest Nested(
x UInt8,
y UInt32)
) ENGINE = Memory
Ok.
0 rows in set. Elapsed: 0.006 sec.
;) INSERT INTO nested_test VALUES ('Hello', [1,2], [10,20]), (‘World', [3,4,5], [30,40,50]), ('Goodbye', ], [1)
INSERT INTO nested_test VALUES
Ok.
3 rows in set. Elapsed: 0.001 sec.

;) SELECT * FROM nested_test

SELECT *
FROM nested_test

—s r—nhest.x——nest.y
| Hello | [1,2] | [10,20] |

| World | [3,4,5] | [30,40,50] |

|I Goodbye | [] | | 1 |

3 rows in set. Elapsed: 0.001 sec.
:) SELECT s, nest.x, nest.y FROM nested_test ARRAY JOIN nest

SELECT s, "nest.x’, ‘nest.y’
FROM nested_test
ARRAY JOIN nest

[—s—|—nest.x—|—nest.y—|
| Helo | 1] 10|
| Hello| 2| 20|
| World | 3| 30|
| World |~ 4| 40|
| World | 5| 50|
L 1

5 rows in set. Elapsed: 0.001 sec.

H{REARRAY JOINFEEnested BIRL TR , EFES 58 SMBHHETENARRAY JOINFERE |, 4140 :

1) SELECT s, nest.x, nest.y FROM nested_test ARRAY JOIN nest.x, nest.y

SELECT s, ‘nest.x’, ‘nest.y’
FROM nested_test
ARRAY JOIN “nest.x’, ‘nest.y’

—S——T 1 —hest.x——nest.y—
| Hello| 1| 10|
| Hello | 2| 20|
| World | 3| 30|
| World | 4| 40|
| World | 5| 50|
| | I |

5 rows in set. Elapsed: 0.001 sec.

XAt BAETTEY



:) SELECT s, nest.x, nest.y FROM nested_test ARRAY JOIN nest.x

SELECT s, "nest.x’, ‘nest.y’
FROM nested_test
ARRAY JOIN “nest.x’

,—s—|—nest.x—|—nest.y—|
| Hello | 1] [10,20] |

| Hello | 2] [10,20] |

| World | 3| [30,40,50] |

| World | 4 | [30,40,50] |

| World | 5| [30,40,50] |

| 1 |

5 rows in set. Elapsed: 0.001 sec.
AT HEERRRInested KBUFIENLE |, fRETBAJonested KB E X — 54, 90 :

:) SELECT s, n.x, n.y, nest.x, nest.y FROM nested_test ARRAY JOIN nest AS n

SELECT s, 'n.x’, ‘n.y’, ‘nest.x’, ‘nest.y’
FROM nested_test
ARRAY JOIN nest AS n

—s T—N.X——N.y——nest.x—-y—nest.y ]
| Helo | 1| 10| [1,2] | [10,20] |

| Helo | 2| 20| [1,2] | [10,20] |

| World | 3| 30| [3,4,5] | [30,40,50] |

| World | 4| 40| [3,4,5] | [30,40,50] |

| World | 5| 50| [3,4,5] | [30,40,50] |

| 1 1 1

5 rows in set. Elapsed: 0.001 sec.
{EarrayEnumerate® 89 RE :

:) SELECT s, n.x, n.y, nest.x, nest.y, num FROM nested_test ARRAY JOIN nest AS n, arrayEnumerate(nest.x) AS num

SELECT s, 'n.x’, 'n.y’, ‘nest.x’, ‘nest.y’, num

FROM nested_test

ARRAY JOIN nest AS n, arrayEnumerate('nest.x’) AS num

—s —N.X——Nn.y——nest. r—hest.y r—hum—
| Hello | 1| 10| [1,2] | [10,20] | 1|

| Hello | 2| 20| [1,2] | [10,20] | 2|

| World | 3| 30| [3,4,5] | [30,40,50] | 1 |

| World | 4| 40| [3,4,5] | [30,40,50] | 2 |

| World | 5 50| [3,4,5] | [30,40,50] | 3|

L 1 1 1 1

5 rows in set. Elapsed: 0.002 sec.

FE—EIHREELHI—MARRAY JOINF ],

NRAEWHERE/PREWHEREF A {EF TARRAY JOINFAIMLER , ER A% TFWHERE/PREWHEREF AT , BN EIFE
WHERE/PRWHEREF &) Z/GH1T , LMERLTE,

JOIN 74
JOINT AR TERLIE , fFA5SQL JOINKIE XABRE,
O =

5 ARRAY JOIN ;8B X %.


https://en.wikipedia.org/wiki/Join_(SQL)

SELECT <expr_list>

FROM <left_subquery>

[GLOBAL] [ANY]|ALL] INNER|LEFT|RIGHT|FULL|CROSS [OUTER] JOIN <right_subquery>
(ON <expr_list>)|(USING <column_list>) ...

B UAER BRI RBFRAE <left_subquery> 5 <right_subquery> , {BiX5{#EF SELECT * FROM table FE1AMIAAEE, BRIE
{REYZR Z[Join](../operations/table_engines/join.md Z#5# JOIN 28U

« INNER JOIN

e LEFT OUTER JOIN
e RIGHT OUTER JOIN
e FULL OUTER JOIN

e CROSS JOIN
{RE] AT 2RIARY OUTER <=,
ANY 5 ALL

7EfEF ALL BIRFFXTIOINBITIBIREY , NRERPEFES NS ERXBMEIE , BLARAZNEERPFAERAIMEERXE
MEIBELINREIEERYP, X S5SQLIMERIOINIT IR, 7EfEM ANY EIRFFITIOINEITIEINEY , MIRERPEESAS
ERFBEOHIE , BLRRNREE—NESERLEMNLER, NMRERSER——WN , AEES KRBT

B, ANY 5 ALL F94EREE,

R AERIETIETIZE join_default_strictness 18 EERIARIIOINIELHTF,
GLOBAL distribution

HEAEZIER JOIN it , ERFHARRATIENRS R, FEXLITERS B LEMARFSENXE, RAO1EH , ARER
BT &M RSEES,

M GLOBAL ... JOIN , BRSEBRRS BH LI EARAURRRNAVEELZZIMERSE. IRNEERSHEHEE
EERTHITHE,

fEF GLOBAL RAEZ /D, EB1EE , &7 Distributed subqueries Z353,
{EFZRIN
MFEBFRIERETE JOIN REEHT,

HMIT JOIN ERRY , ERSEMM BB HRITRITIRFRMLL  JOINLETWHERESREMIT, ELL , BT ERE
BEMTINF , BAHEFRERFERIIVRIT JON,

ANk



SELECT
CounterID,
hits,
visits
FROM
(
SELECT
CounterID,
count() AS hits
FROM test.hits
GROUP BY CounterlD
) ANY LEFT JOIN
(
SELECT
CounterID,
sum(Sign) AS visits
FROM test.visits
GROUP BY CounterlD
) USING CounterID
ORDER BY hits DESC
LIMIT 10

—Counter|D———hits——visits—
1143050 | 523264 | 13665 |

|

| 731962 | 475698 | 102716 |
| 722545 | 337212 | 108187 |
| 722889 | 252197 | 10547 |
| 2237260 | 196036 | 9522 |
| 23057320 | 147211 | 7689 |
| 722818 | 90109 | 17847 |
| 48221 | 85379 | 4652 |

| 19762435 | 77807 | 7026 |
| 722884 | 77492 | 11056 |
L 1 1

FERARAFERESBRREEMMMAGSIAEN], USING RIEENTLERNFERFEBHRENRE , MEMIBI
BEARENEN, SrTNELERRMNANRENFEBTINE (RAIFMIBER T hits'5'visits 518 ) .

USING FRIATHREZHITHZEN— SN, RAEILEIERKRPBSOEERZLR, MRIIZ—MIIR, T
FEFEARESEE. FNIOINASZHEMESZM)oin X,

R (FEINER ) BaREEAEDR, NRLIERBHIRE , MEEZBITJOIN,
HEEEBRHIBE—1 JOIN, BEEBITES JOIN |, (R UEENTRAFEER,

BXZITHEER JOIN Eif) , BEREBATE - RBEFER. NMTEHRBIMIBN , AIUERJoin'5|2 , ER—/MFAIERN
JoinEIELEH , BRFFEATH. BESER , Bl Join3|E 85,

7T, FH INRE JOIN BB ESHNE, ESMEERIOINA , REMEIRE ANY LEFT JOIN , REE ANY
INNER JOIN , SRR ZEHIZ ALL LEFT JOIN BAJ ALL INNER JOIN ,

INRFFEER JOIN RXEE—ESGER (ASHEBEMN— LB EBNNR , FIGIT S/EN0IRF ) |, FB4 JOIN ATEER
RFWER , BAEENSR , FEBXEWHEERRIXLER, NFXMER , BAZERIMNRFHRHINERE
#JIOIN, BESER , S0 IMNFE HH,

NULLAYAEEE

JOINHITT R join_use_nulls BIBZAA, 2 join_use nulls=1 Bt , JOIN B9 T{E5SQLATERIE.
JNRIOINHIkeyE Nullable KEVFYFEG , MERZED—MFE NULL ERVkey R KEX,
WHERE 7]

NRFEWHEREF &), WEZFAFMBAEZ—PUINBEREMRIEAN, XPMRAZEER—NMFHELERIEZENRAN,
ENRIATNGRTER B RIRELHRATARILIRERE.



REFRSIWBRIEERS I ZEF , IMRAVERITEREERRS).
PREWHERE ]

XN FASWHEREFAMEEMEE., EENAEZAETREENIZE, =fEMAPREWHERER , B5E R 1ZEPREWHERE
RIARNPEEMNT, ABEEREPREWHERERITHIZARIZENE tFEZEMI,

MRETRFHHRBELERNESRSITIENT , BERENX AT MRHREITIEEES, XIEAPREWHERERBE XM ,
EReE &R BiEriZE,

Bl , E—ANEBRIKEINEIRFR R LES ISR EPREWHEREZ BB EHN.,
PREWHERE {X #% *“MergeTree ZF15|Z,
E—ANEigP e AR EPREWHEREFIWHERE |, 7E5X#1E R F , PREWHERE{L 5 FWHEREH 1T,

EFEEMR , PREWHERERESERTEZFAET RS PN , BRI ELFETRSIFNERT , RERERSIHEK
EIRA ZHIZEL,

UNER4E optimize_move_to_prewhere'iRE N1 , HAEEEHRANEZPREWHERE , M A 445 BaViEiE §PREWHERERIA
B9ER MWHERE B 2PREWHEREH,

GROUP BY ¥f]
XRIANBIEEEERANREEZN—ER57.

NRFEGROUPBYF ) , MEZFAFYBAEZ—MRIANIIR, ERSNIRANEIWITZ R key”,
SELECT , HAVING , ORDER BY FA)HHIRIAN I ROIURE TIXE key" AR SEI. EMsL , BEENIPTEES
ER SR Ekey 2 IR EABT,

MREBFRANIRPNEERERE , Mo UEBGROUPBYFa) , SN RBRERFAERIEREM —HZ key",

Example:

SELECT
count(),
median(FetchTiming > 60 ? 60 : FetchTiming),
count() - sum(Refresh)

FROM hits

S5SQUIRERERR , IRRPANFEEALE (JERESFRAANFEEMARIE , REBTHRWHERERFILIEET ) |,
BKRE—APEER  MAR— M SRERBIRENLER.

5MySQLAEMRZE (LR EXRATESQLIMERN ) |, RAREEBIKE — M EkeyFMIER SR (RTEEREAN ), B
=R AERany’ GRENSZIFNE—ME) . max. minFERSRMEETLIE.

Example:

SELECT

domainWithoutWWW(URL) AS domain,

count(),

any(Title) AS title -- getting the first occurred page header for each domain.
FROM hits
GROUP BY domain

GROUP BYFA& MBI E — M EMkeyitE—HR SR HIVE,
TEGROUP BY FAIFRAARZ HHEFH Array £ BIAY71,

BEETRFARSRBISHEARSREP, 4190 : sum(1), ZFERLTIRETUERESE, F190 : count() ,



NULL 432

34+ FGROUP BYFH] , ClickHouse$§ NULL fg#g A —ME , F B2 NULL=NULL ,
TEHXMIFIFHIXEERET 4,

RIZIREXHE—IKE :

X1 ¥
[1] 2]
|2|NULL|
3| 2|
8] 3
|3|NULL|

1&1T SELECT sum(x), y FROM t_null_big GROUP BY y fRIG1SZITN T &R -

—SUm(X)————y—

| 4] 2]
| 3| 3]

| 5|NULL|
L 1

{RETAEZIGROUP BY 9 y=NULL BIBE T X,
WNERARTEE GROUP BY FREIA L MNkey |, EREGIIHFTERIESRIBE, s NULL B — MIERE—M,
WITH TOTALS &4 7%

YNRMRIEE TWITH TOTALSIEERFF , (RIS SAELERPEE —MREUMIELRIT. X —1THHEE S EkeyIEIAE
(FTHEZE) | UKMBERSRENABEREERBEITHNRSER.

ZITINFEISON*, TabSeparated*, Pretty*#iiH i8N 5 B th 175 Fi L.

TEJSON* B8 A , iIX1THE HIN7EIsonfy totals’ FERH, 7ETabSeparated*#iiHi& VA , XTI THMERZE |, BT
S5HMhERFERTHITOMR. EPretty*HIHEENT , XITEENERNREMBERZEHL.

% WITH TOTALS SHAVING FRIEIRZERT , ERIT RS totals_mode’ B BRI M, FKIAERT |, totals_mode =
'before_having' , 1XBt WITH TOTALS S TEHAVINGEITTE & Z NE8id max_rows_to_group_by {THIEIE,

1E group_by overflow_mode = 'any' F¥8XE T max_rows to_group_by BIEIRL T , WITH TOTALS 91T /9% totals_mode FAISZM,
after_having_exclusive - ZEHAVING/Z#1TITE&E , TTEREIT max_rows_to_group_by {THIEIE.
after_having_inclusive - ZEHAVINGE#1TIHE , iTEAF max_rows_to_group_by {THIEIE,

after_having_auto - ZEHAVINGE#1TiHE , RAZKITETHAVINGEIITEY , EBE A EBIiT ‘max_rows_to_group_by'iEE B
(EIAP50%) MERT , BEBITHNGER., SNHRRXLLLE

totals_auto_threshold - BRiA 0.5 , 2 after_having_auto B9S 5%,

WNER group_by_overflow_mode !="any’ % B FEE max_rows_to_group_by &R T , FTERIIRINERS after_having F8[E,
REIAEFEIR , B8 FERHIOINFAFRERWITH TOTALS (EXMEALT , EMISENLESMESE—E) .
GROUP BY {EFSMBTFEIR S

{RE] ATEGROUP BYH A 1 IR I SR Z 2R 2 £ |, CABRBIN TFAYEA, max bytes_before_external_group_by iXMEEE
HATE TTEGROUP BYH Balig IGET #IB%F2ME LR FEE, MRMRIEEIREN0 (XRHIME) |, XININEEIG#HLE
A,



Z{# A max_bytes before_external group_by B , FA 13 1Emax_memory_usageiR B HENHE, IR —MREEER
AERTERL : (1) BB HEATEHE (2) EFFEIKIE, GNBENEFEIRSLXETEE—TME. NIREEX
IR XX HIETE | BLMEB RS IERES1MEBRIAER,

5140 - gNER4E max_memory usage 1% & 7310000000000 HIFEEABIINERE , BLMGEE
18 max_bytes_before_external_group_by 1& & J7100000000009[E]A$4& max_memory_usage i% & 7720000000000, HIPERES
waE R (INRNF R T —RIEEEIE ) | ENREFEEREESTESS max_bytes_before_external_group_by

ERHRNERLIER , IBRESBEETENRSZFZPMT. ATEBKERSRBREARLBIAT , FTLR
= distributed_aggregation_memory_efficient J31,

HEF R R BRI RS FHIZTERIARSS 25 R EIRVLERET , tNRTERB D) distributed_aggregation_memory_efficient B 1E
MTE, BAEFE1/256 * GIRHEREX/.

LEIINPRER , WRHBIEAIRIVNTF max_bytes_before_external_group_by IR ERIE ( BUESBWRIZIMET ) |, BLK
BHNRESEEESFSERMIINSBREN —IR, INRBIGIEIEMRBIZEI THED , BAXNEENEITRENESRERKL
& (KRHZ3E),

WNR{RFEGROUP BY/FEZ/EORDER BYFf] , 7 BORDER BY REFE—MR/NRHIFILIMIT , B84 ORDER BY FA5AE
FERAXSAE. BNBEARESICBoNIMERHERF( max_bytes_before_external_sort ),

LIMIT NBY ¥4]

LIMIT N BY FRFLIMIT;ZE X &R, LIMIT N BY COLUMNS Fa)F] ARRTES — N COLUMNS  HHKISERARRINTTEIE.
TR ENENAE—ITEET R, LIMITNBYFAFIRESERZ M TEFRFVANTIR,

A

SELECT
domainWithoutWWW(URL) AS domain,
domainWithoutWWW(REFERRER_URL) AS referrer,
device_type,
count() cnt

FROM hits

GROUP BY domain, referrer, device_type

ORDER BY cnt DESC

LIMIT 5 BY domain, device_type

LIMIT 100

BEEEES AT domain, device_type FIAFEHFISMAID RS IR , ERERFSIEABIT1001T ( LIMITnBY +
LIMIT ),

HAVING ¥4

HAVINGF ) 8] LA 3R EGROUP BY Z BHUEUGE , 22U FWHEREFH, WHEREFHAVINGAREZAEFWHEREERS
B1(GROUP BY)#11T , HAVINGER &S EMIT. MNBEAREFERSE , WAGEMERHAVING,

ORDERBY 1]

WR7FEORDER BY Ff] , MiZFaAHFMMEFE—NRADNINR , RIEARIRPE—NRAXE ] LA B —NDESCEL
ASC (HEFHIAE ) , MNREHEIIRIBHFNARE , BEREUASCHA R H#HITHIF, EFASCRRIREBAFHIF , DESCIRE
FEHEE, =5l : ORDER BY Visits DESC, SearchPhrase

WFFAEMHEFERY , R UAEEE—NMEFEAN |, FEEHEFAMNE , HIFARTERXKAKR/NE, FRIMEEASC
DESCERFHIRES , HEFE MM ARECIINEEIEE, 590 : ORDER BY SearchPhrase COLLATE 'tr' - (T BEEFERNE
HITHRHIF |, ARHIFRASX KNS |, HIRBUTF-8FHFE#H TR,

BAMERE LV EMBIEEPRERCOLLATE , ERNCOLLATEMRZEIZR FEENFTHF,

HWHEFRANHERENTEMERMIRFEITEL , IRTHERN (BXEATERE) ., WMREMORDERBYF4] , M



HERIIRFF th R E E R,

NaN F1 NULL B9HERRERN

o HfEF NULLS FIRST {BIHFFRT , a5ttt NULL |, ABR NaN |, RE A 2 EHME,
o H{EF NULLS LAST {BIff5RY , B LMt EM{E , AER NaN , REZA 2 NULL,

o ZAE N T S5{EH NULLS LAST {EififFH8[E],
AN

RIRTFEI T —3KR

S

iB{TE 1 SELECT * FROM t_null_nan ORDER BY y NULLS FIRST 43X B8 T £ R:

[ T
|1|NULL|
|7|NULL|
| 1] nan |
| 6| nan |
2] 2|
2] 2|
|3 4]
5] 6]
le| 7]
8| 9

HEMZSANBEHTHRN , FERRMNIRFIME , NaNs22RHIEMEENEE, HaiEil , SIRERAFHT
—MNERBETIR , NaNSIFHRILFTBEREX. k2 , SIRERRFHT—NERBETIR , NaNsIFHREEFTBEER/,

YNR{REORDER BY FAIGEFELIMITHATE THR/INEIE , WESERRIVHIRT, &N , AENEREREFENF
FIEHEMIELE, WFAHINER , MREME TGROUPBY , MAEIZFZARSS 38 LMITER N HF |, RREBKRRSR LSHAT
ZR, FEREIWTFAHAENMS , BRIFNBIEEFTUXNTRERSBFHIAE,

MRRBRBHIAT , FJAMERINSBHEF (EWEP IR —LIRRISIEF ) . FTEAER max_bytes_before_external_sort R1ZE
SNERHERE |, SIRMRHEIRE RO (FUN) |, MRTEAIINEBHFINEE. MREARINGE, SEAIFNBIREEAZIMEENT
THE, HRTHIFNSRSWEFE — MR XHPE, 2 REEERER  AENERXESSFMRLH TS
R, XGRS 2 config X HECER/var/lib/clickhouse/tmp/B F ™ (RKIAME , {RET BT 22X tmp_path'EC &1
BZEAXNMUE) .,

BB TERAMRITEES T max_bytes_before_external_sort’ , Jllt , XM B M A EIEIZ/VF ‘max_memory_usage' Fic &
BB, N , NRIREVARS 8B 128GBRINFHIZIT— 1N EIE , AEFIRIF max_memory_usage’ i E H
100GB , ‘max_bytes_before_external_sort’ 1% & }180GB,

IHNERHEF R EREZ R TFERTFPRHF,
SELECT 1 f)

FEM ERFHIFREFaRE , SWSELECTFAFMRIANEITAN, BERMH , IREFERSRBBERT , BHE



SR ZAMRANEITHON, RERVERSHBZANRANBHERSHEITHAITE (GROUPBY) , FiffB{]E
BMELEFEEER L,

DISTINCT Ff]

MNRFEDISTINCTFE , MAWERPHTLBRNITHITEE., EGROUPBYREZRERMN , FL;MSELECTERS
EEISTEGROUP BYFREIHITER — 1%, {Bi%F TR 5GROUPBYFAHFEUT/LATRRA :

« BJLA5GROUP BYEZ&1EH,
o HRTFEORDER BYFAFFELIMITFAR , EEFERMFHEDISTINCTSLIMITHER TN EEIH,
o ERIBHIENENHHER  HAREFENER2IBTM.

ESELECTRIAN RFEArray LRIV IIRY , ANBEFEADISTINCT,

DISTINCT 8] A5 NULL—#2TF , FAF& NULL (N2 —MFFHREVME—# , 7B NULL=NULL , M= , 7E DISTINCT F94ER
F, 5 NULL REIE SR EEHI— IR,

LIMIT 76

LIMIT m B FAES04ERTEZEFIMTEIE, LIMITn, m BFEZIRERDERMNTHBHIMTRIE,
n5'mpEEE,

NSRS EIEEORDERBYFA] , MLERATAEREBMINF , 7 HERMEM.

UNION ALL F£]

UNION ALLFA R IAESEZREMNER , FI40 :

SELECT CounterID, 1 AS table, tolnt64(count()) AS ¢
FROM test.hits
GROUP BY CounterlD

UNION ALL
SELECT CounterID, 2 AS table, sum(Sign) AS c
FROM test.visits

GROUP BY CounterID
HAVING ¢ > 0

{NZ3FUNION ALL , NZ3FEMUNIONEM(UNION DISTINCT), NRI/REZEUNION DISTINCT , {RETBA{EAUNION ALL
FREIESELECT DISTINCTHI F&Eim 5 =,

UNION ALLAREEIB ] ARIEHETT , EfINERBRES R .

XEERERLERVWIER (FIHEMER ), JRFTURAREN, EXMHERLT , RELERNIBENE—NEGH
FXEY, UNIONZhEEZ 81T EER, Gl , MREASHANERPEAMERFER , FEHREEFZFEM Nullable 1
non- Nullable , M4ERIGSIEZFERFEIR S Nullable ZERIFIFER,

fEAUNION ALLEBRIER D NEEEL B EIE SN, ORDERBYSLIMITFANZBNAESNMERF , MARRLNWERF,
MRMGFEMRELERER , (RFTLEUNION ALLIE A— N FEIBE EEFROMFAF,

INTO OUTFILE ¥f]

INTO OUTFILE filename FRIA TR EWERETQHHBIEEXXHF (filenameR— N FHFELEMWE) ., SMySQLA
B, JITHER X BEEZ FIREY , MRXEBEEE , BN, taSr]ATEEGSITEFimSclickhouse-
locald (EBIEHTTPEOLRIRIEESEM) .

AINBH A8V 2 TabSeparated ( 58 < 1TE FimfIftt L IEENER ) .

FORMAT ¥ 1]



'FORMAT format' FAIAFIEEROMIBIIRN., (RRIMEREHENERICIZHIBNEE. BFSEE, S AARY
B2, MRARFEFORMATT A, NEMEIANER | XEEURSDBIEEURFIERANE ik, WFiHtEER8
HTTPEFIHEHSSITEFPIETS |, BHAME R 2TabSeparated, WFREER THHSITEFIH , KIANKXE
PrettyCompact ( EBEEMEMAIERN ) .

HERBLITEFRN , REURBESRBNERS BIHNEPIRZEHTESE, TP RIEMETFORMATF A , BA
BRSNS R METARS SBH5EH ) .

IN ZEFF

J$F IN. NOTIN. GLOBALIN. GLOBALNOT INZ{EFF#H S BIKH , BAENMIEEEREFE.
IEEMAEMZ 255t E,

Al

SELECT UserlD IN (123, 456) FROM ...
SELECT (CounterID, UserID) IN ((34, 123), (101500, 456)) FROM ...

IREMREANIFHER—ARS , AEBAMR—AEEN , RARFERRSIRLEEN,

AEFVRPIIEARSHE (BH) . NIRHBIBERK , BENBARRERFR (FIUNESE) , REEAFENE, Don'tlist
too many values explicitly (i.e. millions). If a data set is large, put it in a temporary table (for example, see the section
"External data for query processing"), then use a subquery.

BME]AR— M EEERANAMMITAIIR (RLEANAF %) , AEBR T RBEPORNBN , A2 -1 EIERE
SHNFEN,

MRAEMIE—NRIBE (190, UserlD INusers ) , IXHEZTF UserlD IN (SELECT * FROM users) , TEEBSIMEPEIBRTRLAE
BERNUERZAE. Fli , EESESuser IDSHY users’IGFT R —E#H &R IZNE R B EN 45 R 1T =R,

MRIFEFIEMR — 1 Set53|BNRN (BMBERERAFHESL) , WARBAE HERCIEMIIBIESE.
FEWPAIBE — I LT ARSHITIIR, =AU

SELECT (CounterID, UserID) IN (SELECT CounterID, UserlD FROM ...) FROM ...

INRIEFFRVZE G RN A B HERERREL,
INRERFERTIULIMESFE , B2RERBSlambdagil, KAl

SELECT
EventDate,
avg(UserID IN
(
SELECT UserID
FROM test.hits
WHERE EventDate = toDate('2014-03-17")
)) AS ratio
FROM test.hits
GROUP BY EventDate
ORDER BY EventDate ASC



r—EventDate————ratio—
| 2014-03-17 | 1|

| 2014-03-18 | 0.807696 |

| 2014-03-19 | 0.755406 |

| 2014-03-20 | 0.723218 |

| 2014-03-21 | 0.697021 |

| 2014-03-22 | 0.647851 |

| 2014-03-23 | 0.648416 |

| 1

A3A17HZENE—XRITES3817R8ARZMIEMAFXEMIINE Stk INFARPHNFEIRERMRSE LGIT—
R, NEEBERMEXTFEIR,

NULL &2

FEAIES | INBERFEREENULL ENRMFERERSET 0 , MAE NULL fIFEMIEREM, NULL ERNIZES7EE
FIBIEES , EIMRIEAREEBITN , FETEEBILR,

TEHRFIFE -t nul T :

X1 ¥
I 1 | NULL|

2] 3

1B{TZ 18 SELECT x FROM t_null WHERE y IN (NULL,3) 43 8ZIM T &8

i
| 2|
L1

R ABBIEEIERPAEFE y = NULL BIER, XEFRJClickHouse L EHE NULL RE B E7E (NULL,3) BURESF , X
FOREEEIRIEIRE T 0 , FFHTE SELECT RIS LR 4 H P HERR 731X 1T,

SELECTy IN (NULL, 3)
FROM t_null

—in(y, tuple(NULL, 3))—

WFHEFEIRR (EUSIOINs ) INF , BFEMEE: LB IN / JOIN 5 GLOBALIN / GLOBALJOIN, EfINFHHEI
EIMIEEITANRARER,

NGERBICE , THHERNEETEERE BRE settings BREN AR MR,
HEAZBENING , ERERRRXITENRSE  AEES MRS BFHIETIN'SJOIN'FARHFEN,

{8 GLOBAL IN / GLOBAL JOIN B , B14c& 79 GLOBAL IN / GLOBAL JOIN iIZ{TERE F&if , LR IRET GRS
FiElERNRLZ XN EMNEIERSEE |, FERZIGNRIZITER,

WHFELHRER , BEREERIIN / JOIN,

ENHRBEEPRER IN / JON FARERFEREE /D,

IEBIIRE-LHF, BREHPHENRSB[BEHFE— M EERlocal_table, 5—/5) 7 Kdistributed_table,
3 FFE Eifldistributed_tablefV&if) , ERAH A ZEIFTERNTIZARSS 25 7 (£ Flocal_tableRiz1T& 1,

Bl , &if



SELECT unig(UserID) FROM distributed_table

K &FIM T EBRABZERS 2R

SELECT unig(UserID) FROM local_table

FEPRFFHITIRITEN] , ERAZRTVASHRENRELSERIAS. AEREERGIROEIERRS [HEERRSE LHT
B RERERREEE PR,

MELFET—NMEEINER :

SELECT unig(UserID) FROM distributed_table WHERE CounterID = 101500 AND UserID IN (SELECT UserlD FROM local_table WHERE
CounterID = 34)

o HERPMESHAFPRE
L ERIF R R I A BRI IZARSS 33

SELECT unig(UserID) FROM local_table WHERE CounterlD = 101500 AND UserID IN (SELECT UserID FROM local_table WHERE CounterID =
34)

#EER , INFAFRNEREEFRESERSE LRBUNKE | NEE58RS R LNAMEMHE CHBIRTERE

MRIGEZBEIENHA TEHNESERSE L, FEBE MUserDIHIERENHERENRSE L, BLAXEBEFHES
EMERAN, EXMERLT , FIESEMNRIEE T UEESS RS EBIAMIFHITIREL, BN , FREENER, FHiEX
MEEF S “local IN”,

AT EIEXMEREREN SRS TIIE , (R CAE FEiH EAdistributed_table, E181$E XX

SELECT uniq(UserlD) FROM distributed_table WHERE CounterID = 101500 AND UserID IN (SELECT UserID FROM distributed_table WHERE
CounterID = 34)

LSRR R IX AT BIIEIERSS 28

SELECT unig(UserID) FROM local_table WHERE CounterlD = 101500 AND UserID IN (SELECT UserID FROM distributed_table WHERE
CounterID = 34)

EWBESMEIERSBELNT, BAFERERSIHRR , FEESMNEERSHE LNFERRERBRAREAMEINT
FERRS5 28

SELECT UserID FROM local_table WHERE CounterID = 34
fIgn , MNRIFFMB1008BRSZBHVERE , FUITEABWEIFFEE10, 000R1EK , XBEERIA B EIERH,
EXMEFRT , (RENZERGLOBAL INRENXIN, EHTE—TE2WEIIEN,

SELECT unig(UserID) FROM distributed_table WHERE CounterID = 101500 AND UserlD GLOBAL IN (SELECT UserlD FROM distributed_table
WHERE CounterID = 34)

FiEKARS SR LT FER

SELECT UserlD FROM distributed_table WHERE CounterID = 34

BERBARTFRWIRRRA, ARFERREEE—GZERSEE



SELECT unig(UserID) FROM local_table WHERE CounterID = 101500 AND UserID GLOBAL IN _data1

IEEYER _datal EFEEER—EREFE—AZERSE (IRRRAOBMBAEERZIIMEX) .
XELERAEERINEINER , BR , HEEMU TR

1. IRIRRTREY , BIRARME 8, AT RV EIMBERVBIEE  FEFERPEADISTINCT (FAFEEL BN
INFRIX 2 f80)

2. IR R RIXZABIEERS 2R, EREANSERMEMNEINEN., f1I0 , MREB10MERERSBFESERRSE
FEEZMBFEROF , WEHEGETBEEREBIRIITZZHRIEROI10K, ERAGLOBAL INK & % ALIREEE,
3. HEIEFERRS BB AREHIER , WETREMREIZANTEER , XTI MBI N HIEMETT,

T
N

4. S BURBRS RN, IFFHEAFEEAGLOBALIN,

5. NRMGHEELEFEAGLOBALIN , BEMXIFRAIClickHouse R8I & , LMERIAZ B ARFEBHIEF D , HEENZIE
BRERENMERIRET] , WEERATUEEE— P RIERORTEM.

=

ft

79, £ GLOBAL IN FRIFERAMRIBEZERRY , thil , ARNEBKRSFLAITA , FELFEEETIERSE LE
FRE A RIVEE,

Extreme Values

PRTERIN  RERI AR BERIIMEKRESR/IME |, I fextremesfic EIREMIRMEIX—=, RAXERIMENTE
REWTFRFEE , BRLEHTHEN , B TFEMS , FRWEHIAKIAE

FIMTEMNHITER - RXESR/IME , XWITEIIMILERXNIEISON*, TabSeparated*, and Pretty* 182 5 B fth 179 FFHYE
HAXEL  FAZFE Mg,

TEJSON*#& T , Extreme B &MY extremes' FE§H, 7ETabSeparated* 1&g & , HEH MR 5 totals' 2t , FE
BZ=1T5E7MR, EPretty* i8N |, EEEMER S totals' G LA B IMAVRIEHI T,

WRETHEExtreme/EMEREELIMIT, extremesfyitE4ERIE B SoffsetPhidh17, TEANMIERKT , EFJgETEES
KLIMITH L E1THIE,

pE=t 0]

AEFMySQL, GROUP BY 5 ORDER BY FAIAZHHERSIMNMUBEEFENSE , BXLFR ERFESQLIMAER,
40, GROUPBY 1, 2 4 ifR niRlBEERHITHE (B, FMIENTEESHEBEN—1T) .

] ATEE R EMERS ERAS,

A LATEEEMEMESRINES , MAXNERAR., ENREERN , 2ESHEBIRIFIENT (A8
2 MATERIALIZED 5§ ALIAS 1931 ) , RELRBATERESESEN

o BIERIEAERT,

o WFNEE/LNIRIR , MRAER.

o RERAPHINEE, EXMIZRTRAZER LUMIT 1, B2 , BIFHINARER DESC TABLE,
o« ZfEM PREWHERE £ 889/LANF! RS IEAT,

o EFEEFR (ARIMBERARFTENIRAREFERZIN) .

FERENEMBAT , BIIABWERES , BHERIABREFNRIRMAZM R,

INSERT
INSERTEIREZRA T AR FHRINKE.
EWRERIEI:



INSERT INTO [db.Jtable [(c1, c2, ¢8)] VALUES (v11, v12, v13), (v21, v22, v23), ...

BRI AEERPIEEBBALIINGIR , W (1,2, c3)] . MTFFETREMPENFETHAIRFTNG , EMERZRE
TR EE

o WNSR7FTE DEFAULT FRIAT , 1RIE DEFAULT RIANITEWIERRIE,
o WERBBEEN DEFAULT JIAR, , MIERTHEFFEH,

UNER strict_insert_defaults=1 , {RIAHIEE BT HAEIEEE X DEFAULT RAX AV,

FHERTBABAClickHouse Sz 3 HEAA 4 \fi BB =0 ZIB 4 INSERT, RN BMYAERHEEAEEIEF :

INSERT INTO [db.]table [(c1, c2, c3)] FORMAT format_name data_set

g , TEMNEEFAERNBAEIHS EEINSERT ... VALUESH R ERRBASNER :

INSERT INTO [db.]table [(c1, c2, c3)] FORMAT Values (vi1, vi2, vi3), (v21, v22, v23), ...

ClickHouseRBMREIERIFTEMNZAFH S —1THERR (MRFEMNIE) . FIUEHITERN , BAZIEFHEBRA
H@ABEBABMENHN—1TRE (NMRBEFERUAZBFHASEN , XEEEEE).

A~

INSERT INTO t FORMAT TabSeparated
11 Hello, world!
22 Qwerty

AEEAGSIEPHESHTTPE iR |, (R VEEANEREASHIENHLIX, ESEKEE , B2 SFIHE"HD.
{EFSELECTIIE RSB A

INSERT INTO [db.]table [(c1, c2, c3)] SELECT ...

BSASSELECTHFIRIN N X R 2 ERMUERAITHNE , REE(HESELECTRAN SINSERTHII BRI RER AR, W
FE  IWEATRITH AR,

PR TVALUESIERN 24 , RN RAYEURERA R IFHINIEY now() , 1 +2 FRIAN, VALUESHKRXAFEBRENFERX
LERAN , ERFABWEI LM , BAMITXERANS2EMH.

/57

RN EM TS8R IBAVE T : UPDATE, DELETE, REPLACE, MERGE, UPSERT, INSERT UPDATE, {BR , #&
S]BAfEF ALTER TABLE ... DROP PARTITION ZifJskMilbk—LeIRRIEIE,

HEEREREIN

31T INSERT BRPF 23 B AR RIEEIT—LAIE | IRIBERAF  RBAMWRIEEITAXS. FUNREZNE AR
PESISIMEMIESHIERN , H2EZHIMEE INSERT FUMEEE. AT BEXMIER |

o HEERUREAMbatchi#{TEA , $18/XE A100,00017,
o HIEES AClickHouseRFISE AN BRI 1T 53 4H,

FEUTHERAT , RS T

o BIRERWEMIBA,
o EAMEIEE EREBrEHEF,



CREATE DATABASE
ZEBATIRERE BT EIBRIEE,

CREATE DATABASE [IF NOT EXISTS] db_name

HIEEALRARATERRN—NER. WREBEPFE IFNOTEXISTS , MHBIBEELKXFERN , ZBRASREIEFIH

.‘lio
CREATE TABLE

+F CREATE TABLE , ZEEU T /LFA .

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]

(
name1 [typel1] [DEFAULT|MATERIALIZEDJALIAS expri],

name2 [type2] [DEFAULT|MATERIALIZED|ALIAS expr2],

) ENGINE = engine

EEERN dOBIEEFRIZ— MR R name’IR , IREWFREES db’, WEAERSRNERMREEE AL’ FEH
MWRESEESPTHIREMURRS|IZNER, EPREMNFER—MEE—AIERSREIAS. IRKRSIZERZIHR
5189, BRARICATERS | B SHP Hit TR,

AERERENBRAT , JiEdEIE 2 28 ZHFMFE, B9 RegonD Unt32, {BRMEIEA R FINE XEIAMEREAR
(REX) .

CREATE TABLE [IF NOT EXISTS] [db.]table_name AS [db2.Jname2 [ENGINE = engine]

BlEE—15 db2.name2 BEEHEBLEMIVR , AR AN EEEARNRRRSIZFR, NRSERIZFR , NEIENRE
5 db2.name2 {EAMERAIZRS 2L,

CREATE TABLE [IF NOT EXISTS] [db.]table_name ENGINE = engine AS SELECT ...

ERIEENSIZELIZE— N5 SELECT FAMSRABHEREMIIR , FEM SELECT FAMLSRIERE,

AEFRBETES , MIRIEE T IFNOTEXISTS |, A ZREZFAENBEART , EWARROEEFEIR, EXMERLT , Eif
NFARLMEFFE,

£ ENGINE FRIEERTREFE—LEMIFE , BIFANEERIMUSE R5|E AXTRRIER,
HiAE

A ERPRE LUBIE AT A2 — HIIIEEEIARIAT : DEFAULT expr , MATERIALIZED expr , ALIAS expro 7=
{5l : URLDomain String DEFAULT domain(URL) ,

MRAEFRPRE EFMNRIAL , BLARAHSREEEIRENMAIRNME , W RERBERIFT, FHHEENZ
FER, BWBRBRHEE. BHERZEEIY°0000-00-00" BA K B E] 26 8L 75°0000-00-00 00:00:00°, A3ZHHERNULLIF HEEZ
BMEIAE.

=

WMREXTEINTRAR |, MeTUARTE XINRIER, WNRGHEIPMIIE SCERIEER |, NEREIARARIER, Fl
40 : EventDate DEFAULT toDate(EventTime) - Ex£%‘EventDate 1§ {E R ‘Date’{E Jg 2K A,

WRERIEE TEIARIAN SFIBVEE | MG ER LRI IRR EIGEIARIAN IR DIBERIEEL, 140 : Hits UInt32
DEFAULT 0 5 Hits UInt32 DEFAULT toUInt32(0) = E48[E,

MURARTTNE S EERNRNEIZHMI, HERNEIREGHN , RARKIETRE , BETIEIBEMEE, YT
INSERT, ERIEERANZE 2] AREITH - €N UM F T EHFEFZMIIMEIAE,



DEFAULT expr
EEREINE , SIRINSERTRABZIEENT , MAKEIRAXN T EENIINMEFERE,
MATERIALIZED expr

MUERAER |, WIZRANIEEN T REER SEINSERTHYIRT , ARNELARBITEL RN, WFINSERTIES , AEE
EIXLED, H4h , ESELECTEHFIREIES |, LIRS KARBHRES | XRENEEEFUIELEME , E(FH SELECT
* BRHAER D B9 H INSERT EI5R,

ALIAS expr

B, ZHEMINRSEFMEERT, ERNETREBBEIINSERTEA , B {EMASELECTERESH , XL ASRARE
#ES, BRE(IFIUERMATSELECTH , EXMIBFAT , EEBDTHIZHFRE R,
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CREATE VIEW

CREATE [MATERIALIZED] VIEW [IF NOT EXISTS] [db.]table_name [TO[db.Jname] [ENGINE = engine] [POPULATE] AS SELECT ...
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ALTER

The ALTER query is only supported for *MergeTree tables, as well as Merge and Distributed . The query has several
variations.

Column Manipulations

Changing the table structure.

ALTER TABLE [db].name [ON CLUSTER cluster] ADD|DROP|CLEAR|COMMENT|MODIFY COLUMN ...

In the query, specify a list of one or more comma-separated actions. Each action is an operation on a column.



The following actions are supported:

o ADD COLUMN — Adds a new column to the table.

e DROP COLUMN — Deletes the column.

o CLEAR COLUMN — Resets column values.

o COMMENT COLUMN — Adds a text comment to the column.

e MODIFY COLUMN — Changes column's type and/or default expression.
These actions are described in detail below.

ADD COLUMN

ADD COLUMN [IF NOT EXISTS] name [type] [default_expr] [AFTER name_after]

Adds a new column to the table with the specified name , type, and default_expr (see the section Default expressions).

If the IF NOT EXISTS clauseis included, the query won't return an error if the column already exists. If you specify AFTER
name_after (the name of another column), the column is added after the specified one in the list of table columns.
Otherwise, the column is added to the end of the table. Note that there is no way to add a column to the beginning of a
table. For a chain of actions, name_after can be the name of a column that is added in one of the previous actions.

Adding a column just changes the table structure, without performing any actions with data. The data doesn't appear on
the disk after ALTER. If the data is missing for a column when reading from the table, it is filled in with default values (by
performing the default expression if there is one, or using zeros or empty strings). The column appears on the disk after
merging data parts (see MergeTree).

This approach allows us to complete the ALTER query instantly, without increasing the volume of old data.

Example:
ALTER TABLE visits ADD COLUMN browser String AFTER user_id
DROP COLUMN

DROP COLUMN [IF EXISTS] name

Deletes the column with the name name . If the IF EXISTS clause is specified, the query won't return an error if the
column doesn't exist.

Deletes data from the file system. Since this deletes entire files, the query is completed almost instantly.
Example:
ALTER TABLE visits DROP COLUMN browser

CLEAR COLUMN

CLEAR COLUMN [IF EXISTS] name IN PARTITION partition_name

Resets all data in a column for a specified partition. Read more about setting the partition name in the sectionHow to
specify the partition expression.

If the IF EXISTS clause is specified, the query won't return an error if the column doesn't exist.

Example:



ALTER TABLE visits CLEAR COLUMN browser IN PARTITION tuple()
COMMENT COLUMN

COMMENT COLUMN [IF EXISTS] name '‘comment’

Adds a comment to the column. If the IF EXISTS clause is specified, the query won't return an error if the column
doesn't exist.

Each column can have one comment. If a comment already exists for the column, a new comment overwrites the
previous comment.

Comments are stored in the comment_expression column returned by the DESCRIBE TABLE query.

Example:
ALTER TABLE visits COMMENT COLUMN browser 'The table shows the browser used for accessing the site.'
MODIFY COLUMN

MODIFY COLUMN [IF EXISTS] name [type] [default_expr]

This query changes the name column's type to type and/or the default expression to default_expr . If the IF EXISTS
clause is specified, the query won't return an error if the column doesn't exist.

When changing the type, values are converted as if thetoType functions were applied to them. If only the default
expression is changed, the query doesn't do anything complex, and is completed almost instantly.

Example:

ALTER TABLE visits MODIFY COLUMN browser Array(String)

Changing the column type is the only complex action - it changes the contents of files with data. For large tables, this
may take along time.

There are several processing stages:

¢ Preparing temporary (new) files with modified data.
¢ Renaming old files.
¢ Renaming the temporary (new) files to the old names.
¢ Deleting the old files.
Only the first stage takes time. If there is a failure at this stage, the data is not changed. If there is a failure during one of

the successive stages, data can be restored manually. The exception is if the old files were deleted from the file system
but the data for the new files did not get written to the disk and was lost.

The ALTER query for changing columns is replicated. The instructions are saved in ZooKeeper, then each replica applies
them. All ALTER queries are run in the same order. The query waits for the appropriate actions to be completed on the
other replicas. However, a query to change columns in a replicated table can be interrupted, and all actions will be
performed asynchronously.

ALTER QUERY LIMITATIONS

The ALTER query lets you create and delete separate elements (columns) in nested data structures, but not whole
nested data structures. To add a nested data structure, you can add columns with a name like name.nested_name and the
type Array(T) . A nested data structure is equivalent to multiple array columns with a name that has the same prefix



before the dot.

There is no support for deleting columns in the primary key or the sampling key (columns that are used in the ENGINE
expression). Changing the type for columns that are included in the primary key is only possible if this change does not
cause the data to be modified (for example, you are allowed to add values to an Enum or to change a type from
DateTime to Ulnt32).

If the ALTER query is not sufficient to make the table changes you need, you can create a new table, copy the datatoiit
using the INSERT SELECT query, then switch the tables using the RENAME query and delete the old table. You can use
the clickhouse-copier as an alternative to the INSERT SELECT query.

The ALTER query blocks all reads and writes for the table. In other words, if along SELECT is running at the time of the
ALTER query, the ALTER query will wait for it to complete. At the same time, all new queries to the same table will wait
while this ALTER is running.

For tables that don't store data themselves (such as Merge and Distributed ), ALTER just changes the table structure, and
does not change the structure of subordinate tables. For example, when running ALTER for a Distributed table, you will
also need torun ALTER for the tables on all remote servers.

Manipulations With Key Expressions

The following command is supported:

MODIFY ORDER BY new_expression

It only works for tables in the MergeTree family (including replicated tables). The command changes thesorting key of the
table to new_expression (an expression or a tuple of expressions). Primary key remains the same.

The command is lightweight in a sense that it only changes metadata. To keep the property that data part rows are
ordered by the sorting key expression you cannot add expressions containing existing columns to the sorting key (only
columns added by the ADD COLUMN command in the same ALTER query).

Manipulations With Data Skipping Indices
It only works for tables in the “MergeTree family (including replicated tables). The following operations are available:
e ALTER TABLE [db].name ADD INDEX name expression TYPE type GRANULARITY value AFTER name [AFTER name2] - Adds
index description to tables metadata.
e ALTER TABLE [db].name DROP INDEX name - Removes index description from tables metadata and deletes index files

from disk.

These commands are lightweight in a sense that they only change metadata or remove files. Also, they are replicated
(syncing indices metadata through ZooKeeper).

Manipulations With Partitions and Parts
The following operations with partitions are available:

e DETACH PARTITION - Moves a partition to the detached directory and forget it.

e DROP PARTITION - Deletes a partition.

e ATTACH PART|PARTITION - Adds a part or partition from the detached directory to the table.
e REPLACE PARTITION - Copies the data partition from one table to another.

o CLEAR COLUMN IN PARTITION- Resets the value of a specified column in a partition.

e FREEZE PARTITION - Creates a backup of a partition.

e FETCH PARTITION - Downloads a partition from another server.



DETACH PARTITION

ALTER TABLE table_name DETACH PARTITION partition_expr

Moves all data for the specified partition to the detached directory. The server forgets about the detached data partition
as if it does not exist. The server will not know about this data until you make the ATTACH query.

Example:

ALTER TABLE visits DETACH PARTITION 201901

Read about setting the partition expression in a section How to specify the partition expression

After the query is executed, you can do whatever you want with the data in the detached directory — delete it from the
file system, or just leave it.

This query is replicated - it moves the data to the detached directory on all replicas. Note that you can execute this query
only on aleader replica. To find out if a replicais a leader, perform the SELECT query to the system.replicas table.
Alternatively, it is easier to make a DETACH query on all replicas - all the replicas throw an exception, except the leader
replica.

DROP PARTITION

ALTER TABLE table_name DROP PARTITION partition_expr

Deletes the specified partition from the table. This query tags the partition as inactive and deletes data completely,
approximately in 10 minutes.

Read about setting the partition expression in a section How to specify the partition expression.
The query is replicated - it deletes data on all replicas.

ATTACH PARTITION|PART

ALTER TABLE table_name ATTACH PARTITION|PART partition_expr

Adds data to the table from the detached directory. It is possible to add data for an entire partition or for a separate part.
Examples:

ALTER TABLE visits ATTACH PARTITION 201901;
ALTER TABLE visits ATTACH PART 201901_2_2_0;

Read more about setting the partition expression in a sectionHow to specify the partition expression.

This query is replicated. Each replica checks whether there is data in the detached directory. If the datais in this
directory, the query checks the integrity, verifies that it matches the data on the server that initiated the query. If
everything is correct, the query adds data to the replica. If not, it downloads data from the query requestor replica, or
from another replica where the data has already been added.

So you can put data to the detached directory on one replica, and use the ALTER ... ATTACH query to add it to the table
on all replicas.

REPLACE PARTITION

ALTER TABLE table2 REPLACE PARTITION partition_expr FROM table1

This query copies the data partition from the table1 to table2 . Note that data won't be deleted from tablel .



For the query to run successfully, the following conditions must be met:

¢ Both tables must have the same structure.

¢ Both tables must have the same partition key.

CLEAR COLUMN IN PARTITION

ALTER TABLE table_name CLEAR COLUMN column_name IN PARTITION partition_expr

Resets all values in the specified column in a partition. If the DEFAULT clause was determined when creating a table, this
query sets the column value to a specified default value.

Example:
ALTER TABLE visits CLEAR COLUMN hour in PARTITION 201902
FREEZE PARTITION

ALTER TABLE table_name FREEZE [PARTITION partition_expr]

This query creates a local backup of a specified partition. If the PARTITION clause is omitted, the query creates the
backup of all partitions at once.

Note that for old-styled tables you can specify the prefix of the partition name (for example, '2019') - then the query
creates the backup for all the corresponding partitions. Read about setting the partition expression in a section How to
specify the partition expression.

2 Note

The entire backup process is performed without stopping the server.

At the time of execution, for a data snapshot, the query creates hardlinks to a table data. Hardlinks are placed in the
directory /var/lib/clickhouse/shadow/N/... , where:

o /var/lib/clickhouse/ is the working ClickHouse directory specified in the config.

e N is theincremental number of the backup.

The same structure of directories is created inside the backup as inside /var/lib/clickhouse/ . The query performs 'chmod’
for all files, forbidding writing into them.

After creating the backup, you can copy the data from /var/lib/clickhouse/shadow/ to the remote server and then delete it
from the local server. Note that the ALTER t FREEZE PARTITION query is not replicated. It creates a local backup only on
the local server.

The query creates backup almost instantly (but first it waits for the current queries to the corresponding table to finish
running).

ALTER TABLE t FREEZE PARTITION copies only the data, not table metadata. To make a backup of table metadata, copy
the file /var/lib/clickhouse/metadata/database/table.sql

To restore data from a backup, do the following:

1. Create the table if it does not exist. To view the query, use the .sql file (replace ATTACH in it with CREATE ).

2. Copy the data from the data/database/table/ directory inside the backup to the
Ivar/lib/clickhouse/data/database/table/detached/ directory.

3. Run ALTER TABLE t ATTACH PARTITION queries to add the data to a table.



Restoring from a backup doesn't require stopping the server.

For more information about backups and restoring data, see the Data Backup section.

FETCH PARTITION

ALTER TABLE table_name FETCH PARTITION partition_expr FROM 'path-in-zookeeper'

Downloads a partition from another server. This query only works for the replicated tables.
The query does the following:
1. Downloads the partition from the specified shard. In 'path-in-zookeeper' you must specify a path to the shard in
ZooKeeper.
2. Then the query puts the downloaded data to the detached directory of the table_name table. Use the ATTACH

PARTITION|PART query to add the data to the table.

For example:

ALTER TABLE users FETCH PARTITION 201902 FROM '/clickhouse/tables/01-01/visits';
ALTER TABLE users ATTACH PARTITION 201902;

Note that:
e The ALTER ... FETCH PARTITION query isn't replicated. It places the partition to the detached directory only on the
local server.
e The ALTER TABLE ... ATTACH query is replicated. It adds the data to all replicas. The data is added to one of the

replicas from the detached directory, and to the others - from neighboring replicas.

Before downloading, the system checks if the partition exists and the table structure matches. The most appropriate
replica is selected automatically from the healthy replicas.

Although the query is called ALTER TABLE , it does not change the table structure and does not immediately change the
data available in the table.

HOW TO SET PARTITION EXPRESSION
You can specify the partition expressionin ALTER ... PARTITION queries in different ways:
o Asavalue from the partition column of the system.parts table. For example, ALTER TABLE visits DETACH PARTITION

201901 .

¢ Asthe expression from the table column. Constants and constant expressions are supported. For example, ALTER
TABLE visits DETACH PARTITION toYYYYMM(toDate('2019-01-25")) .

¢ Using the partition ID. Partition ID is a string identifier of the partition (human-readable, if possible) that is used as
the names of partitions in the file system and in ZooKeeper. The partition ID must be specified in the PARTITION ID
clause, in a single quotes. For example, ALTER TABLE visits DETACH PARTITION ID '201901" .

e Inthe ALTER ATTACH PART query, to specify the name of a part, use a value from the name column of the
system.parts table. For example, ALTER TABLE visits ATTACH PART 201901_1_1_0.

Usage of quotes when specifying the partition depends on the type of partition expression. For example, for the String
type, you have to specify its name in quotes (' ). For the Date and Int* types no quotes are needed.

For old-style tables, you can specify the partition either as a number 201901 or a string '201901' . The syntax for the new-
style tables is stricter with types (similar to the parser for the VALUES input format).

All the rules above are also true for theOPTIMIZE query. If you need to specify the only partition when optimizing a non-



partitioned table, set the expression PARTITION tuple() . For example:

OPTIMIZE TABLE table_not_partitioned PARTITION tuple() FINAL;

The examples of ALTER ... PARTITION queries are demonstrated in the tests00502_custom_partitioning_local and

00502_custom_partitioning_replicated_zookeeper.
Synchronicity of ALTER Queries

For non-replicatable tables, all ALTER queries are performed synchronously. For replicatable tables, the query just adds
instructions for the appropriate actions to ZooKeeper , and the actions themselves are performed as soon as possible.
However, the query can wait for these actions to be completed on all the replicas.

For ALTER ... ATTACH|DETACH|DROP queries, you can use the replication_alter_partitions_sync setting to set up waiting.
Possible values: 0 - do not wait; 1 - only wait for own execution (default); 2 — wait for all.

Mutations

Mutations are an ALTER query variant that allows changing or deleting rows in a table. In contrast to standard UPDATE
and DELETE queries that are intended for point data changes, mutations are intended for heavy operations that change
alot of rowsinatable.

The functionality is in beta stage and is available starting with the 1.1.54388 version. Currently *MergeTree table engines
are supported (both replicated and unreplicated).

Existing tables are ready for mutations as-is (no conversion necessary), but after the first mutation is applied to a table,
its metadata format becomes incompatible with previous server versions and falling back to a previous version
becomes impossible.

Currently available commands:

ALTER TABLE [db.]Jtable DELETE WHERE filter_expr

The filter_expr must be of type UInt8. The query deletes rows in the table for which this expression takes a non-zero
value.

ALTER TABLE [db.]Jtable UPDATE column1 = expr1 [, ...] WHERE filter_expr

The command is available starting with the 18.12.14 version. The filter_expr must be of type UInt8. This query updates
values of specified columns to the values of corresponding expressions in rows for which the filter_expr takes a non-zero
value. Values are casted to the column type using the CAST operator. Updating columns that are used in the calculation
of the primary or the partition key is not supported.

One query can contain several commands separated by commas.

For *MergeTree tables mutations execute by rewriting whole data parts. There is no atomicity - parts are substituted for
mutated parts as soon as they are ready and a SELECT query that started executing during a mutation will see data
from parts that have already been mutated along with data from parts that have not been mutated yet.

Mutations are totally ordered by their creation order and are applied to each part in that order. Mutations are also
partially ordered with INSERTSs - data that was inserted into the table before the mutation was submitted will be
mutated and data that was inserted after that will not be mutated. Note that mutations do not block INSERTs in any
way.

A mutation query returns immediately after the mutation entry is added (in case of replicated tables to ZooKeeper, for
nonreplicated tables - to the filesystem). The mutation itself executes asynchronously using the system profile settings.
To track the progress of mutations you can use the system.mutations table. A mutation that was successfully submitted


https://github.com/yandex/ClickHouse/blob/master/dbms/tests/queries/0_stateless/00502_custom_partitioning_local.sql
https://github.com/yandex/ClickHouse/blob/master/dbms/tests/queries/0_stateless/00502_custom_partitioning_replicated_zookeeper.sql

will continue to execute even if ClickHouse servers are restarted. There is no way to roll back the mutation onceit is
submitted, but if the mutation is stuck for some reason it can be cancelled with the KILL MUTATION query.

Entries for finished mutations are not deleted right away (the number of preserved entries is determined by the
finished_mutations_to_keep storage engine parameter). Older mutation entries are deleted.

Miscellaneous Queries

ATTACH

This query is exactly the same as CREATE , but

¢ Instead of the word CREATE it uses the word ATTACH .

e The query does not create data on the disk, but assumes that data is already in the appropriate places, and just adds
information about the table to the server. After executing an ATTACH query, the server will know about the
existence of the table.

If the table was previously detached ( DETACH ), meaning that its structure is known, you can use shorthand without
defining the structure.

ATTACH TABLE [IF NOT EXISTS] [db.Jname [ON CLUSTER cluster]

This query is used when starting the server. The server stores table metadata as files with ATTACH queries, which it
simply runs at launch (with the exception of system tables, which are explicitly created on the server).

CHECK TABLE

Checks if the data in the table is corrupted.

CHECK TABLE [db.Jname

The CHECK TABLE query compares actual file sizes with the expected values which are stored on the server. If the file
sizes do not match the stored values, it means the data is corrupted. This can be caused, for example, by a system crash
during query execution.

The query response contains the result column with a single row. The row has a value of Boolean type:

e 0-Thedatainthetableis corrupted.

¢ 1-The data maintains integrity.
The CHECK TABLE query is only supported for the following table engines:

e Log
e TinyLog
e StripelLog

These engines do not provide automatic data recovery on failure. Use the CHECK TABLE query to track datalossina
timely manner.

To avoid data loss use the MergeTree family tables.
If the data is corrupted

If the table is corrupted, you can copy the non-corrupted data to another table. To do this:



1. Create a new table with the same structure as damaged table. To do this execute the query CREATE TABLE

<new_table_name> AS <damaged_table_name> .

2. Set the max_threads value to 1 to process the next query in a single thread. To do this run the query SET max_threads
= 1|8

3. Execute the query INSERT INTO <new_table_name> SELECT * FROM <damaged_table_name> . This request copies the
non-corrupted data from the damaged table to another table. Only the data before the corrupted part will be
copied.

4. Restart the clickhouse-client to reset the max_threads value.

DESCRIBE TABLE

DESCIDESCRIBE TABLE [db.]table [INTO OUTFILE filename] [FORMAT format]

Returns the following String type columns:

¢ name — Column name.
o type — Column type.

default_type — Clause thatis used in default expression ( DEFAULT , MATERIALIZED or ALIAS ). Column contains an
empty string, if the default expression isn't specified.

default_expression — Value specified in the DEFAULT clause.

e comment_expression —Comment text.

Nested data structures are output in "expanded" format. Each column is shown separately, with the name after a dot.

DETACH

Deletes information about the 'name’ table from the server. The server stops knowing about the table's existence.

DETACH TABLE [IF EXISTS] [db.Jname [ON CLUSTER cluster]

This does not delete the table's data or metadata. On the next server launch, the server will read the metadata and find
out about the table again. Similarly, a "detached" table can be re-attached using the ATTACH query (with the exception
of system tables, which do not have metadata stored for them).

Thereisno DETACH DATABASE query.

DROP

This query has two types: DROP DATABASE and DROP TABLE .

DROP DATABASE [IF EXISTS] db [ON CLUSTER cluster]

Deletes all tables inside the 'db’ database, then deletes the 'db’ database itself. If IF EXISTS is specified, it doesn't
return an error if the database doesn't exist.

DROP [TEMPORARY] TABLE [IF EXISTS] [db.Jname [ON CLUSTER cluster]

Deletes the table. If IF EXISTS is specified, it doesn't return an error if the table doesn't exist or the database doesn't
exist.

EXISTS



EXISTS [TEMPORARY] TABLE [db.Jname [INTO OUTFILE filename] [FORMAT format]

Returns a single UlInt8 -type column, which contains the single value 0 if the table or database doesn't exist, or 1 if the
table exists in the specified database.

KILL QUERY

KILL QUERY [ON CLUSTER cluster]
WHERE <where expression to SELECT FROM system.processes query>
[SYNC|ASYNCI|TEST]
[FORMAT format]

Attempts to forcibly terminate the currently running queries. The queries to terminate are selected from the
system.processes table using the criteria defined in the WHERE clause of the KILL query.

Examples:

-- Forcibly terminates all queries with the specified query_id:
KILL QUERY WHERE query_id="'2-857d-4a57-9ee0-327da5d60a90'

-- Synchronously terminates all queries run by 'username':
KILL QUERY WHERE user='username' SYNC

Read-only users can only stop their own queries.

By default, the asynchronous version of queries is used (ASYNC ), which doesn't wait for confirmation that queries have
stopped.

The synchronous version ( SYNC ) waits for all queries to stop and displays information about each process as it stops.
The response contains the kill_status column, which can take the following values:

1. 'finished' - The query was terminated successfully.
2. 'waiting' - Waiting for the query to end after sending it a signal to terminate.

3. The other values explain why the query can't be stopped.

Atest query ( TEST ) only checks the user's rights and displays a list of queries to stop.

KILL MUTATION

KILL MUTATION [ON CLUSTER cluster]
WHERE <where expression to SELECT FROM system.mutations query>
[TEST]
[FORMAT format]

Tries to cancel and remove mutations that are currently executing. Mutations to cancel are selected from the
system.mutations table using the filter specified by the WHERE clause of the KILL query.

Atest query ( TEST ) only checks the user's rights and displays a list of queries to stop.

Examples:

-- Cancel and remove all mutations of the single table:
KILL MUTATION WHERE database = 'default’ AND table = 'table'

-- Cancel the specific mutation:
KILL MUTATION WHERE database = 'default' AND table = 'table' AND mutation_id = 'mutation_3.txt'



The query is useful when a mutation is stuck and cannot finish (e.g. if some function in the mutation query throws an
exception when applied to the data contained in the table).

Changes already made by the mutation are not rolled back.

OPTIMIZE

OPTIMIZE TABLE [db.Jname [ON CLUSTER cluster] [PARTITION partition] [FINAL]

Asks the table engine to do something for optimization. Supported only by *MergeTree engines, in which this query
initializes a non-scheduled merge of data parts. If you specify a PARTITION , only the specified partition will be
optimized. If you specify FINAL , optimization will be performed even when all the data is already in one part.

Warning

OPTIMIZE can't fix the "Too many parts" error.

RENAME

Renames one or more tables.

RENAME TABLE [db11.Jname11 TO [db12.]Jname12, [db21.]Jname21 TO [db22.]Jname22, ... [ON CLUSTER cluster]
All tables are renamed under global locking. Renaming tables is a light operation. If you indicated another database after

TO, the table will be moved to this database. However, the directories with databases must reside in the same file
system (otherwise, an error is returned).

SET

SET param = value
Allows you to set param to value . You can also make all the settings from the specified settings profile in a single query.
To do this, specify 'profile’ as the setting name. For more information, see the section "Settings". The setting is made for

the session, or for the server (globally) if GLOBAL is specified. When making a global setting, the setting is not applied to
sessions already running, including the current session. It will only be used for new sessions.

When the server is restarted, global settings made using SET are lost. To make settings that persist after a server
restart, you can only use the server's config file.

SHOW CREATE TABLE

SHOW CREATE [TEMPORARY] TABLE [db.]table [INTO OUTFILE filename] [FORMAT format]

Returns a single String -type 'statement’ column, which contains a single value - the CREATE query used for creating
the specified table.

SHOW DATABASES

SHOW DATABASES [INTO OUTFILE filename] [FORMAT format]

Prints a list of all databases. This query is identical to SELECT name FROM system.databases [INTO OUTFILE filename]
[FORMAT format] .



See also the section "Formats".

SHOW PROCESSLIST

SHOW PROCESSLIST [INTO OUTFILE filename] [FORMAT format]

Outputs a list of queries currently being processed, other than SHOW PROCESSLIST queries.
Prints a table containing the columns:

user - The user who made the query. Keep in mind that for distributed processing, queries are sent to remote servers
under the 'default’ user. SHOW PROCESSLIST shows the username for a specific query, not for a query that this query
initiated.

address - The name of the host that the query was sent from. For distributed processing, on remote servers, this is the
name of the query requestor host. To track where a distributed query was originally made from, look at SHOW
PROCESSLIST on the query requestor server.

elapsed - The execution time, in seconds. Queries are output in order of decreasing execution time.

rows_read, bytes_read - How many rows and bytes of uncompressed data were read when processing the query. For
distributed processing, data is totaled from all the remote servers. This is the data used for restrictions and quotas.

memory_usage - Current RAM usage in bytes. See the setting 'max_memory_usage'.
query - The query itself. In INSERT queries, the data for insertion is not output.

query_id - The query identifier. Non-empty only if it was explicitly defined by the user. For distributed processing, the
query ID is not passed to remote servers.

This query is nearly identical to: SELECT * FROM system.processes . The difference is that the SHOW PROCESSLIST query
does not show itself in a list, when the SELECT .. FROM system.processes query does.

Tip (execute in the console):

watch -n1 "clickhouse-client --query="SHOW PROCESSLIST"

SHOW TABLES

SHOW [TEMPORARY] TABLES [FROM db] [LIKE ‘pattern] [INTO OUTFILE filename] [FORMAT format]

Displays a list of tables

o Tables from the current database, or from the 'db' database if "FROM db" is specified.

o Alltables, or tables whose name matches the pattern, if "LIKE 'pattern'" is specified.

This query is identical to: SELECT name FROM system.tables WHERE database = 'db' [AND name LIKE 'pattern’] [INTO OUTFILE
filename] [FORMAT format] .

See also the section "LIKE operator".

TRUNCATE

TRUNCATE TABLE [IF EXISTS] [db.Jname [ON CLUSTER cluster]



Removes all data from a table. When the clause IF EXISTS is omitted, the query returns an error if the table does not
exist.

The TRUNCATE query is not supported for View, File, URL and Null table engines.

USE
USE db

Lets you set the current database for the session. The current database is used for searching for tables if the database is
not explicitly defined in the query with a dot before the table name. This query can't be made when using the HTTP
protocol, since there is no concept of a session.

Z3F3Y

ClickHouse R E/V{ZE ML RMIRE - BRI (MR "R ) MRERH. BRI LTIEMES I hE—1TH
—REBHE—F (HTFE—1T, RENERTERBTEMT) . REBHUNAEITRR—AE (NRBEILERUKRE

NMERE) .

EATH , BB HEEMRY. BXRERY , B RERH—T,
\ * - 'arrayloin' R S REBIIE T £ =FEBIRVREL, \*

mEHY
'—Eﬁx}’ESQLffEtt ClickHouse BB KR, RAIEFER , ENRELBZEHITRIAER, BMRBERTHEN—AE
B, IEREENEEEEALIEIRE,

E I FRIAIUERR

EWHEBHERAST (HEIEFSIEENTERER ) NABRANBRANEBTHENE, SFNRANBERARIT—
R, BT XFANEAUERERNFER,

SRR

FrBEREE REETSRE — MREE, FERALIBEBEHRSHIIEERTE, {BtupleElementfZy (a.NZERF )
toFixedStringE i’SIEWU%E’Jo

b

)

%Tf'sﬁi@)"ll,E%@%&E@E%%%&Rﬁ%aﬁio fign , LKEEEMNES RV AREE, )'L:J:Fﬁﬁl_l%lﬁﬁjj BBk
OEE. RTATEMMEIENERLE, now BB AEANENEZTHERROAENNE , BEERBRUNER , AOEEHE
BAERPRRER, FERANBHANEE (FIW , LKECENNEFIAFIAASIMEEME)

WFEENMEEESH , FIUMARAAFRRN (MITAENRE) . B, MTESHERRENEENEEESHE
MNWERNZZE —HY.

NULL{EAbIE

RMEBUTTR

o MREHHISHEL—NZENULL” , MEHERBZNULL",



o EENRHMEIARTBEMIBEIVFHRITHN, EClickHouselRICIBA |, XLEFFA
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PITH RN ERAIERIINEE

MFSHNEBLNIE , EIZERS R LMITRATESNEBLIEME , AEEBERERS R LRITEHRMER (SHPEIER
MZBEHRERE) .

XERE T UEARARS 28 EHITINAE, BIU0 , 7£& 18 SELECT f (sum (g (x) ) ) FROM distributed_table GROUP BY
h(y)Hd,

o YNR distributed_table ZVERAM R, MWAEIZIEARS [ EMITRE 9N, FEBRRSE LRITRE'T
o YN distributed_table RB—N2 K, MEZSTHBIARSS 2 LRITAAE'T , 'o'F'h'IIEE,

RIEMERBEAMKBTEEM MRS B LNT. B, ERNXBREE, W, ERAFHRRMNIEERGTENNRS
BEEENFH, J—MFIF2 hostName B , EIRENGITEIRS EEMIRF , LUETE SELECT BRI ARS 283
1T GROUP BY ,

MREEPHRREBERRSELNT , EEFEEAERERSEZLIITE , WeTNEEBRE any"BERHF , EER
$0Z]“GROUP BY”/,

SRR

NFAEEARR , FRELBNERESHR/NEFEE (NRFEIHFNELR) . ROBFLERRERFNUL 28
BRNSURRERFEFREZEMBREITHN, WRLBRBIIG , WRARSMEER,

IR

SELECT toTypeName(0), toTypeName(0 + 0), toTypeName(0 + 0 + 0), toTypeName(0 + 0 + 0 + 0)

—toTypeName(0)——toTypeName(plus(0, 0))——toTypeName(plus(plus(0, 0), 0))——toTypeName(plus(plus(plus(0, 0), 0), 0))—

| Uints | Uint1e | UInt32 | Uinte4 |
| | | |

BARBHEERTUINS , UInt16 , UInt32 , UInté4 , Int8, Int16, Int32, Int64 , Float32EkFloat64Hf{E{a LAY

b ER NS C+HEREL



plus(a,b),a+b

TERFHNEM, LTe] L fEDatezkDateTime SEEHITIEM, EDatefIERAT , RIMABHEZRE RINBMIOKRE, X
FDateTime , XEMRIXRINME R A HEAR,

minus(a, b),a-b

HERFZEME  FRARENEN,

BE eI At DateBkDateTime S B IAITHEE, 1 EmEAY plus',

multiply(a, b),a*b
TEHFHER,

divide(a,b),a/b

TERFNE, SRPMRKIZLRE, EARAREBEHERE, WTEHRERE , BERINtDIVERE, HRUER , FE
Z'inf' , '-inf'E{'nan’,

intDiv(a, b)

HEERRFNE BTSN (ZEWME) . BRUFIERNABRU-1HBHFE,

intDivOrZero(a, b)

5'intDiviIRNEZ A E T EERU TSGR/ BRI -18HREF,

modulo(a, b),a% b

THTEREZENRY. NRSHDZFSE , WEIRER/NBE B ENNGERNELY, HREHSCHPNFNER, B
BRiEAT R, BRUFSERNABERU-1EE RS,

negate(a), -a

THE—MFEN ARERSITE—IMF, ERIBAREZEM, Calculates anumber with the reverse sign. The result is
always signed.

abs(a)

TERF (a) WEIHME, R , NRa &It;0, BiR[El-a, WFEFSEE , ERRITEMRIE, WTEFTSEBEE
B BERELHSH,

gcd(a, b)

REIBFHRANIN, RUTHRFRNABERA-1ERERE.

lcm(a, b)

REABFORNAER. BRUAFTFRNABERA-1HRLERE.



LE4RBRIER
HLARE LR B0 (UInts ) .
ATIALLARIA T2 -

o Numbers
o String #0 FixedString
o Date

o DateTime
MU EFMARRERY ] G |, (BN T AREEREE B REEBHITILE,
BN, BEEB RS FREHITILR, SUTERREFHRERAEHN , RZTA,
FHERFHHITIER, RENFEHRNTUEALHEELEE - N FRUABFHR,
R, HEN1541340RE , BRSNEFSHFNILERAXSC+HER, ®Ra1IER , FESELECT 9223372036854775807 &
gt -1 HERT , BERERBHBIRNER. WITHERE1154134HEEN , MEERF LR IEHRN.,
equals, a=b and a == b operator
notEquals, a! operator=banda<>b
less, < operator
greater, > operator
lessOrEquals, <= operator
greaterOrEquals, >= operator

5E BRI

BRI AT MR REMARFRENSH , FHREUINEEI0L1,

o

HERPEETR , BEIFHIE R false” , BN , (EEIEMIETHETITHIIE R true”,
and, AND operator

or, OR operator

not, NOT operator

Xor

K EUECIRERIZY



toUInt8, toUInt16, toUInt32, toUInt64
tolnt8, tolnt16, tolnt32, tolnt64
toFloat32, toFloat64

toDate, toDateTime

toUInt80rZero, toUInt160rZero, toUINnt320rZero, toUINnt640rZero, tolnt80OrZero, tolnt160rZero,
tolnt320rZero, tolnt640rZero, toFloat320rZero, toFloat640rZero, toDateOrZero,
toDateTimeOrZero

toUINt8O0rNull, toUInt160rNull, toUInt32O0rNull, toUInt640rNull, tolnt8OrNull, tolnt160rNull,
tolnt320rNull, tolnt640rNull, toFloat32OrNull, toFloat64OrNull, toDateOrNull, toDateTimeOrNull

toString
XLERBATFERT. FHH (REAFixedString ) . DatebAKDateTimeZ B G185k, FTBHIERBEBZEZ— NS,
%

1 Lt L RVL R R F AT RSN F AT R IEIR B HLth K BURY |, (£ 5 TabSeparated 8 AEEIRI N3 F 17 SBAVEHITIE L
SR, MRTEWITFFBRNREREHEUEER,

HfFDatedS R NWF R Z , DateXfRUnixE B]BIAIREL, 1FDataTimefkiR A F /R Z , DateTime R UnixFd &) #4HY
MWL,

toDate/toDateTime& £ 89 H AR B EARS AR VE XIIF -

YYYY-MM-DD
YYYY-MM-DD hh:mm:ss

FISMEIR | ANRFFUINE32, Int32, Ulnt64skint64E BRI JDatestBY , FEEMNMAYEXR T FT65536 , Mz E
B ERMT AL UNiIXEY BB (MARINRAIKRE ) . XEKRERIFE A toDate(unix_timestamp) i XFE IiER , BMNXIE2H
128, FEEESEIEFINED{A toDate(toDateTime(unix_timestamp))’,

Date5DateTime Z [B|fY4& 1R A A B AR A NiHT © @RI A timesklfktime,
BUERE Z [BMEE IR 5 C++ARRNE R F K8 2 B 1T E R E B,

ItE4h , DateTimeZEtoString R FI ATER —_ M SWHREL SR X B, I3 : Asia/Yekaterinourg TEIXMIFSR T , BHEIHR
EEE R XHEITIE UL,

SELECT
now() AS now_local,
toString(now(), 'Asia/Yekaterinburg') AS now_yekat

———————now_local——now_yekat———
| 2016-06-15 00:11:21 | 2016-06-15 02:11:21 |
| |

H1ES 7 toUnixTimestamp B&I%,

toDecimal32(value, S), toDecimal64(value, S), toDecimal128(value, S)



¥ value ¥R J9¥5E R S B)Decimal, value FIAREFHNFFH, S SBNIBEN/NBRMIL,

toFixedString(s, N)

g String L BRI S 5%k JoFixedString(N) B A E ( BBREEKENNFRH) . NUTR—IMNEE, NMRFHENFTH
LFN, WEEHEAZFT, MRFHENFUHS TN, WRERE,

toStringCutToZero(s)

1 StringZkFixedStringS#, iR[EIString , ERNBFEHREINE — N FF T ERT,

~fl:

SELECT toFixedString(‘foo', 8) AS s, toStringCutToZero(s) AS s_cut

—s T—S_cut—
| 00\0\0\0\0\O | foo |
| | |

SELECT toFixedString(‘foo\Obar', 8) AS s, toStringCutToZero(s) AS s_cut

—s T S_CUt_|
| foo\0bar\0 | foo |
| ! |

reinterpretAsUInt8, reinterpretAsUInt16, reinterpretAsUInt32, reinterpretAsUInt64

reinterpretAsInt8, reinterpretAsint16, reinterpretAsint32, reinterpretAsint64

reinterpretAsFloat32, reinterpretAsFloat64

reinterpretAsDate, reinterpretAsDateTime

XERHEZ—ANFHE , ARREFFRALNFLERAENINFFIEF (littleendian) , MRFHFEARBK , M
RBAREAVERENETFVERFTFE 1, IRFHREFEZNK , WBKREIMIFT, DatetkfERE IUnixi a3
AR % , DateTimet fEFE JoUnixBs 8] B,

reinterpretAsString

IEeREFESZ I F. DatesiDateTime , FiRE—NMFRFEH , EFEIRTENINF (/Mik) HENENFD, AREBKRZ
F, B0, UInt32%BE55R — N FHKIFRFE,

reinterpretAsFixedString

IR E =8 F. DatemiDateTime , FIREI B ERTRENIIF (/im ) BIENERIFTTHIFixedString, AREMRZF
T, fAla0 , UInt323:BU{E255 2 — M E A — N FE T RIFixedString,

CAST(x, 1)

XA CEIEEE, ERFHEACAST (xASt)



ANk

SELECT
'2016-06-15 23:00:00' AS timestamp,
CAST (timestamp AS DateTime) AS datetime,
CAST (timestamp AS Date) AS date,
CAST (timestamp, 'String') AS string,
CAST (timestamp, 'FixedString(22)') AS fixed_string

r—timestamp T datetime— date——string r—fixed_string

| 2016-06-15 23:00:00 | 2016-06-15 23:00:00 | 2016-06-15 | 2016-06-15 23:00:00 | 2016-06-15 23:00:00\0\0\0 |
L 1 | |

152 584E0R JoFixedString(N) , & B FStringsXFixedString(N)ZE R S5,

G EIRE R ANullable, 140

SELECT toTypeName(x) FROM t_null

r—toTypeName(x)—
| Int8 |

| Int8 |

|

SELECT toTypeName(CAST(x, 'Nullable(UInt16)')) FROM t_null

r—toTypeName(CAST(x, 'Nullable(UInt16)'))—
| Nullable(UInt16) |

| Nullable(UInt16) |

|

tolntervalYear, tolntervalQuarter, tolntervalMonth, tolntervalWeek, tolntervalDay, tolntervalHour,

tolntervalMinute, tolntervalSecond

B F LB SHEER PIntervalZE R (BHEIX (8] ) , IntervalZBBISCRR ER2IEEFREN , Bel U ERIERNBIERES
Dates}DateTimef{TEARIZE, [FEBT , ClickHouseAIntervalZEB SR ERBIR I T B HEMIEE, 10 :

WITH
toDate('2019-01-01") AS date,
INTERVAL 1 WEEK AS interval_week,
tolntervalWeek(1) AS interval_to_week
SELECT
date + interval_week,
date + interval_to_week

r—plus(date, interval_week)——plus(date, interval_to_week)—
| 2019-01-08 | 2019-01-08 |
| L

parseDateTimeBestEffort

B F R BS R JoDatesiDateTimeZ 8!, StoDateFfltoDateTime/N[E , parseDateTimeBestEfforta] LA {TEE & 2419
BHEIWR, BXIFMER , BSRAHE | E2HEEL,

parseDateTimeBestEffortOrNull

5parseDateTimeBestEffort#8[E) , {(EEI1BE LA IR B EIE LAHR Elnull,


https://xkcd.com/1179/

parseDateTimeBestEffortOrZero

SparseDateTimeBestEffortfE[E , {EEBEI AR HEIE AR [E|ZF Datez ZFEDateTime,

At 18] 2 HRA R 28
HHIE,

FT BRI (8] B HAR I ER r] ATE SR — AN S P IEZ X S8, R : Asia/ Yekaterinburg, FEXMERT
EMRXMARAM (FKIN) X,

SELECT
toDateTime('2016-06-15 23:00:00") AS time,
toDate(time) AS date_local,
toDate(time, 'Asia/Yekaterinburg') AS date_yekat,
toString(time, 'US/Samoa') AS time_samoa

time——date_local——date_yekat——time_samoa——
| 2016-06-15 23:00:00 | 2016-06- 15 | 2016-06-16 | 2016 06-15 09:00:00 |
|

X2 F SUTCIRZE — B/ \ITRIRY X,

toTimeZone

Y&Dates}DateTimettik Jots EHIAT X,

toYear

$gDatedDateTimetZi A B EEMRE (AD ) BIUINt16REIAIEFE,

toQuarter

}§Date=kDateTime4sik Bl EF R RS HIUINtBLEMIF,

toMonth

¥DatezkDateTimefe iR ABLZE R MRS (1-12) KIUINt8EEMEF,

toDayOfYear

1§ DatezDateTimet%i H B & —EHME —RIIRFSHIUINL16 (1-366 ) LEFIEF,

toDayOfMonth

1¥DateskDateTime}s# A ELZ — AR —RIIRSHIUINS (1-31) LA T,

toDayOfWeek

$$DatesiDateTime#ik A EE—FARHNE -XMESHIVINGS (B—=21, BER7 ) LEWHKF,

toHour

, ENMERTE



EDateTimedEi DB 24/\BFH (0-23) IEFEAIUINGBEE, XMRERZNRNHEEIRE) , BR— M , REE
ER2E , IR HEER , ER— M, REFEZRRE3IS (XFIEL 2L - BNEEEETRIR F7EAE AT (8] /R i)
T,

toMinute

g DateTime¥EiR W B S —/I\BFHF 2 #HEL (0-59) FIUINtSEE,

toSecond

1 DateTimeiRiR A B — N FHAFE (0-59) FUINBHF., EMWARITEEA,

toUnixTimestamp

FDateTimedE# JyunixBy (8] &,

toStartOfYear

{§DategDateTime[aFIEV R AERE—K, R[EDatezEd,

toStartOfISOYear

Y& Dates{DateTimeE i ENEEZ|ISORFHE—K, R[MDatezkHY,

toStartOfQuarter

$DatesiDateTime@ FIERE B AFERIE —K, R[EDateZLE,

toStartOfMonth
$&DatezfDateTimeE FIENERABE—XK, iR[EDateztH!,

NGES BIAEWBBNTARSE TSI, ClickHouserJgERIREIFHER , #lth FHEEMIT natural iz,

toMonday

{4 DatezDateTime[aFIEV R A E M EE —, R[EDatestd,

toStartOfDay

FDateTime@aIEEEE| H HIV LA,

toStartOfHour

$&DateTime[E) gTENEE 2 H 51/ A A9 FF 8.

toStartOfMinute

FDateTime@ 1BV EE E| HF15 #AIFF 1A,

toStartOfFiveMinute



¥DateTimelA 53t 0 B i [E) BT EX B 2 &R A RIAT (8] =,

toStartOf TenMinutes

¥ DateTimelA 153 # 0 B i @) FTENE 2 & A AT 8] =2,

toStartOfFifteenMinutes

1#DateTimelA+ A5 ¥ Jo Bz A R ENVE R S FzA AT (8] =,

toStartOfInterval(time_or_data, INTERVAL x unit [, time_zone])

X2 77 toStartOf* HIFT B RAYEAE L, HI80 , toStartOfinterval (t, INTERVAL 1 year) iR[E5 toStartOfYear (t) FEEIAVLE
B, toStartOfinterval (t, INTERVAL 1 month) JR[E]5 toStartOfMonth (t) HHEIRIZEER , toStartOfinterval (t, INTERVAL 1

day) iR[E|5 toStartOfDay (t) HEEIHILEER , toStartOfinterval (t, INTERVAL 15 minute ) IR[B]5 toStartOfFifteenMinutes (t) 18
EIRIEEER,

toTime

FDateTimerR By HER4E R N —NEERIBHA , FEIRHREBRT (B]ER S,

toRelativeYearNum

{5DateskDateTime}& R A FEMHIRS , NI ERIEANEERT 8] =T 18,

toRelativeQuarterNum

¥¢DatezkDateTimef R AFEMNF , NI EHIRE A EER B =18,

toRelativeMonthNum

$DatezkDateTimet% iR B INKIRS , NI EHIE AN EER B = TR,

toRelativeWeekNum

¥DatezkDateTimes& iR HEHALL , NITEHIR B ER (8] =R,

toRelativeDayNum

¥DateskDateTimef &R HHRMRS , NI EME AN EERT 8] = TR,

toRelativeHourNum

1#DateTimef& i /N\BHEL , NI EBIRE B ERT (8] = FF 1A,

toRelativeMinuteNum

FDateTimet& R A3 #HE , ML ERIFEEERT 8] = FF 18,

toRelativeSecondNum



1#DateTimef &R AWE , NI EHEAEER B =48,

tolSOYear

18 Dateg}DateTimet%i N Bl SISOEMHIUINt 16K B R S,

tolSOWeek

Y& DategiDateTimes&i N B ZISORAHAIVUINtELBRIFI RS,

now
AEZEMSHATBERNITROE—ZIRE L5108 (DateTime ) ., LERBIREI—MEE , BIAHEREEE KA EAETS
FEMlo

today

AEREMSBAEBRITHIE —ZRE HF1H#(Date), HIJEES toDate (now () ) 18R

yesterday

AEZEFASBAEBRNITHIE —ZREFXE B (Date), EIgES today () - 1'18E.,

timeSlot

Ead B e FUENEE R/ N\BY, LEINEER FYandex.Metrica , AW RIRIFINC ERE N P IELS LS N 5 S7ERT 8] £ =88
WEHE , ME+E/NRRERIED BN IENRIER (8], XEKE (tagid , userid , timeslot) AT REANSIEFE
BGENEE,

toYYYYMM

$§DatedDateTimetZit W B S FEMFH M RHSHIUING32LEREF (YYYY *100+ MM) ,

toYYYYMMDD

Y& DatezkDateTimet5ia B SEMFIB N HREHIUING2ZERAIEZE (YYYY * 10000+ MM *100+DD ) ,

toYYYYMMDDhhmmss

1&DateskDateTime#&# A El2FMF A MRS HIUINt64LRIFIELF (YYYY * 10000000000 + MM * 100000000 + DD *
1000000 + hh *10000 + mm *100+ss ) ,

addYears, addMonths, addWeeks, addDays, addHours, addMinutes, addSeconds, addQuarters

BRI E01% — E& B 8] Bl fRiR N2 Date/DateTime , SAfGi&[E]Date/DateTime, 5130 :



WITH
toDate('2018-01-01") AS date,
toDateTime('2018-01-01 00:00:00') AS date_time
SELECT
addYears(date, 1) AS add_years_with_date,
addYears(date_time, 1) AS add_years_with_date_time

r—add_years_with_date——add_years_with_date_time—
| 2019-01-01 | 2019-01-01 00:00:00 |
| |

subtractYears, subtractMonths, subtractWeeks, subtractDays, subtractHours, subtractMinutes,
subtractSeconds, subtractQuarters

R £}% Date/DateTime R &= —ERBY 8] jEFR , SA/G1R[E]Date/DateTime, 40 :

WITH
toDate('2019-01-01') AS date,
toDateTime('2019-01-01 00:00:00") AS date_time
SELECT
subtractYears(date, 1) AS subtract_years_with_date,
subtractYears(date_time, 1) AS subtract_years_with_date_time

r—subtract_years_with_date——subtract_years_with_date_time—
| 2018-01-01 | 2018-01-01 00:00:00 |
| L

dateDiff(‘'unit’, t1, t2, [timezone])

IRME A unit' DRI R RN B Z B]A9ZER |, HI90 'hours' s 't1'F1't2' 8] LAEDateziDateTime , YNRIETE timezone' , B
BRBFAENSH, NREAE , MERREHIBRI T2 WX, MENXAFEE , MERIGERTE X,

Supported unit values:

second

minute

hour

day

week

month

quarter

year

timeSlots(StartTime, Duration,[, Size])

EiRE—/ETEIEEE , R EiEM I StartTime” FF 42 “StartTime + Duration #" AR B TS “size” ( AR B ) £K
FBTE R, EH“size”@—MNEIIESE , BIAH1800, 5190 , timeSlots(toDateTime('2012-01-01 12:20:00') , 600) =



[toDateTime ('2012-01-01 12:00:00') , toDateTime ('2012-01-01 12:30:00' ) ], XN FIERAEMENSIETEESNREREEEH
o8

formatDateTime(Time, Format[, Timezone])

RFRIEAENRNFFERBIVENE, 1§ BAFHFELIAREERAR , Il . BNERIITERSHENFAN
$O

LR IEETT ¢ ("Example” FI 23T 2018-01-02 22:33:44 FIFR T (L 45 R)

Modifier Description Example
%C year divided by 100 and truncated to integer (00-99) 20

%d day of the month, zero-padded (01-31) 02

%D Short MM/DD/YY date, equivalent to %m/%d/%y 01/02/2018
%e day of the month, space-padded ( 1-31) 2

%F short YYYY-MM-DD date, equivalent to %Y-%m-%d 2018-01-02
%H hour in 24h format (00-23) 22

%l hour in 12h format (01-12) 10

%j day of the year (001-366) 002

%m month as a decimal number (01-12) 01

%M minute (00-59) 33

%n new-line character (\n')

%p AM or PM designation PM

%R 24-hour HH:MM time, equivalent to %H:%M 22:33
%S second (00-59) 44

%t horizontal-tab character ('\t')

%T ISO 8601 time format (HH:MM:SS), equivalent to %H:%M:%S 22:33:44
%U ISO 8601 weekday as number with Monday as 1 (1-7) 2

%\ ISO 8601 week number (01-53) 01

%W weekday as a decimal number with Sunday as 0 (0-6) 2

%y Year, last two digits (00-99) 18

%Y Year 2018

%% a % sign %



F T R R 2N

empty

WFEFHHRIRET , W FETFHERIRE0, £RELERUING, NMBEFFEEZIEZL—AFT , NZFHEHEARIESTFE
8, MEXR—IERHEFN, ZRBLERTHRA,

notEmpty

WFZEFHFHRIREO , WFEEFAFHRMDOD, LREBEUING, ZRHBEATHA,

length

ROFHENFTRE, HREMRUINGL, ZERBBERTHE,

lengthUTF8

BEFMHRUUTF-8RIBAMMIX A | REILFFHEMUnicodeFHKE, MBEANNFEFERNZUTF-84G , MR ATHE
RE—MIESMNIE (RENERE) . EREERUIN64,

char_length, CHAR_LENGTH

BEFMFRUUTF-8RIBAMMIX A | REILLFEFF R UnicodeEFKE, MBEANNFEFRBAZUTF-84ED , M E LM AT 4E
RE—MIEAMNIE (RENERE) . EREBRUIN6A,

character_length, CHARACTER_LENGTH

BEFMFRUUTF-8RIBAMMX A | REILEFFRAUnicodeEFKE, MBEANNFEFRBAZUTF-84ED , ML AT4E
RE—MIEASMNIE (RENERE) . EREBRUIN64,

lower, Icase

EFFRPMASCIEER NG,

upper, ucase

B HERMASCIEEIR KRS,

lowerUTF8

BFENFREERIINE | BRRIRFFHERUUTF-8RENANFNE, ERNERBAENES. BN IEEAR , R0
BERNTTLRIEM, WMRUTF-8FTFIIMNRKENTFRBRMNABI/NEARE , MZABRHERAERNER. IRFHFEE
B—HIEUTF-8MF T , MRS RREXITH,

upperUTF8

BFHFEZRARE | RRRIZFHFBRUUTF-8RBXANFHE. BERRHRAENES, LW IEEARG , 4R
BEARTE2IEM, MRUTF-8FTFIIMKENFREBSHABHNERE , Mz SrERTERNER, NMRFHFRE
B—HIFUTF-8I9F T , MRS R RE XITH.



isValidUTF8

KMEBFHEERRENHIUTF-84RE , 2MiRE , BNREO,

toValidUTF8
F © (U+FFFD) FHEBRENNUTF-8F[, FIEEENTRNFHEIWE IR — I ERFR,
toValidUTF8( input_string )

28

o input_string — {E I —NString K EIFIIT R,
RENE : BEIUTF-8F T &,
il

SELECT toValidUTF8("\x61\xF0\x80\x80\x80b'")

—toValidUTF8('a @ @@ @b)—
| a®b |

L |

reverse

REEFFER,

reverseUTF8

BAUnicodeFFfF R B AL RAFUTF-8RIBHIF TR, MRFHHENRBUTF-84IG , MEJAERENEI — MEFHAMER (A&

FE)o.

format(pattern, sO, s1, ...)

(EREEFME pattern INVLEMBE, pattern FRERESHAAES (| BEN"BRFR. RRESEKRESHIER
RBEBWAINAERE , eFERFRETROES, NREFZENFIATHES - PAESFN , ERJ@EIMNERE
Moy, FERBMEAIUZETFT (NFERE) = (ARBEENANELRF)

SELECT format({1} {0} {1}', 'World', 'Hello")

r—format('{1} {0} {1}', 'World', 'Hello')—
| Hello World Hello |
L

SELECT format({} {}', 'Hello', 'World')

r—format('{} {}', 'Hello', 'World')—
| Hello World |
l

concat(s1, s2, ...)

BERPNS I FHEHE  THEIRMN.



concatAssumelnjective(s1, s2, ...)

Sconcatig@ , XBIETF , (REZERiEconcat(s1, s2, s3) -> sS4 B EIHY , ©IFBEFGROUP BY®ILAL,

substring(s, offset, length), mid(s, offset, length), substr(s, offset, length)
NFHAHRMUBIIEEMEFHSR , REI offset fIB IFF L , KE R length’BIF &, ‘offset’ A1 ( SHRESQLIA
@), ‘offsetFl'length SHNTEE R,

substringUTF8(s, offset, length)

5‘substring’f8[E , (EERIER A AUnicodeFHF , BRIZFHHRIUUTF-8HITHRBIINA, MRAZNETEERE—A
FHEASMYER (AR MEHEE) .

appendTrailingCharlfAbsent(s, ¢)

MRS FHBEZTHEREBREE CFH , MW CFRMINZIRE,

convertCharset(s, from, to)

RE M from  REY RIS EE IR Jo ' to' PRV RIS RIF AT &R,

base64Encode(s)

BFERER s iR base64

base64Decode(s)

fEAbase6AF F T R FIDALRIAF T &, WMRERMMNMLERE,

tryBase64Decode(s)

{EMbase6AGF TR AFDAMRIAF &, BMREMER , HREAZFHH,

endsWith(s, suffix)

ROZEMEENGRERE. MRFABRUBENGRER , WiRET , FMREO,

startsWith(s, prefix)

REIREUIBENRISR K, MRFHFHEAIBEMRSEASL , MikE1 , FUERMEO,

trimLeft(s)

RE—MFFE , BTFHREMNNZ=EFN.

trimRight(s)

REI—NFRFE , BTHEREMNZERFA.



trimBoth(s)

RE—MFFE , BTFRRME-MNZ=aFA.

FITRIERER

TIMBRBAERUNNBEATEDANE, WFAXARNENER , FERMIITIE,

position(haystack, needle), locate(haystack, needle)
EFFER haystack FHEZRF B needle , REFHRMME (WFTAHRAM) , M1FE , MRKHEIFH , MREO,

WFAX D KNEIEZE |, BEFARE positionCaselnsensitive ,

positionUTF8(haystack, needle)

5 position 18[E , {EfIE MAUnicodeF#FiR[El, LEERE TIFAEUTF-84RIBRINAFIFER, WAFLLRIBAIIFIFE , MikE—L
FEFHILER (MASMEFE) .

WFAXDKRNEIIER |, {5 RE]L positionCaselnsensitiveUTF8

multiSearchAllPositions(haystack, [needle;, needle,, ..., needle,])

5 position 8@ , BRHHREI—MIE , HRBEEFELAneedlefIfiE,

HFARX D KR/NERIER/FUTF-8F8 T\ , EAX

# multiSearchAllPositionsCaselnsensitive , multiSearchAllPositionsUTF8 , multiSearchAllPositionsCaselnsensitiveUTF8
multiSearchFirstPosition(haystack, [needles, needles, ..., needle,])

5 position #8[E) , {ER[EITE haystack F 5needles 1 & LR LR,
FFARAXDK/NEIER/FUTF-8FE T\ , X

£ multiSearchFirstPositionCaselnsensitive , multiSearchFirstPositionUTF8 , multiSearchFirstPositionCaselnsensitiveUTF8
multiSearchFirstindex(haystack, [needle;, needle,, ..., needle,])

REFEF T haystack HERFTTEHEIMIneedle R3] i (M1FFIR) |, REIHENEFILERNREO,

HFARX D R/NERIER/FUTF-8H8 T , EAX

# multiSearchFirstindexCaselnsensitive , multiSearchFirstindexUTF8 , multiSearchFirstindexCaselnsensitiveUTF8 ,
multiSearchAny(haystack, [needleq, needley, ..., needle,])

UNER haystack FZE /D TFEE—needle,TEENIRE]T , FMREO0,

HFARAXDK/NERIER/FUTF-8FE T\ , EAE

#% multiSearchAnyCaselnsensitive , multiSearchAnyUTF8 , multiSearchAnyCaselnsensitiveUTF8 ,

JEE : #EFTE multiSearch* EREH , FITFSEIMMSE |, needlesfIE /T 28,

match(haystack, pattern)



KEFHFERBS pattern IEMFRIAXILEL, pattern B] AR —MEBHY re2 IEMFRIATL, re2 IEMFRIATNAYIE L LEPerl IEN TR
RXBEFEE SRS,

NRALEREO , FMiRME1,

FER , RMMIMAS (\ ) BTEENRANPEYX., BTFFRPRABERNESRETEX. BHit , A TEENRER
PEXFS , WAEFHFEXFREAFNRML (\) .

ENRERNEFHE—EER , MBER—EFT ., ENRARNPAECEEFY., N FEFHEPERTFFHEN
1, RIFEALIKES “position” , AR ENEMNEX,
multiMatchAny(haystack, [pattern,, pattern,, ..., pattern,])

5 match 48 , (BMIRFIEENFAXBALE , MEEO ; MREFMERLE , MEE1. BERhyperscanf, WFEF
MERERTFARMER , BIFEA multisearchany” , BHEEBH.

3B {E haystack EFBRMNKENFUNTF232FT  BURHFRE, XMEREIZE Hhyperscan API £,

multiMatchAnylndex(haystack, [patterny, pattern,, ..., pattern,])

5 multiMatchAny 88 , {Bi& [@ 5haystack LERFEFRIABHIRS|I(IE,

multiFuzzyMatchAny(haystack, distance, [patterny, pattern,, ..., pattern,])

5 multiMatchAny 48E , {BINR7EhaystackBENS EIXENMEFIE N LA AEBBTEIR ER RIZIE B ABITINAS , MIREN, LtEINEEH
AT, FTREIEEE, BXESER | B8 Hhyperscan3Zi,

multiFuzzyMatchAnylndex(haystack, distance, [pattern, pattern,, ..., pattern,])

5 multiFuzzyMatchAny 188 , {EiREILEAI LA RERESIMIE,

AR ¢ multiFuzzyMatch* BRI A ZFFUTF-8IEMRIAT , i FhyperscanfR , XERIANHIRF TR,

AR tNE XA FBhyperscanK ISR , i51%E SET allow_hyperscan = 0; ,

extract(haystack, pattern)

ERAENRARNSIFHAR, R haystack' S'pattern’ RLE , MREZFHFH, MREVNRARPABEFER , EF
RIS BANEMNRARNLRNFH, &N, EFRNSE - N FEILEN TS,

extractAll(haystack, pattern)

FERAENRADNREEFRBUFEHER. W% haystack' 5'pattern’ EMFR AR ARILE , MRE—MEF/FB, BUREFR
BS5ENRARCENFFEHE, BE , Th5 extract BEE (EXRAE —NFER , IRSGEFEX , MIRARZEADN
TEHX) o

like(haystack, pattern), haystack LIKE pattern operator

KMEFHRRESHBEENREAXLE, ENRARTUBENTHSE % _,

% RNEFAFTH (BEFTFH) .

_ RREFA—NFT,


https://github.com/google/re2/wiki/Syntax
https://github.com/intel/hyperscan
https://en.wikipedia.org/wiki/Edit_distance
https://intel.github.io/hyperscan/dev-reference/compilation.html#approximate-matching

AIBAMERRFT (\ ) RN THSHITEX, BESH match” R E X X AR,
S TR %needle% XFFHIIENRIAT , cNERES position R —FFR, I FEMIEMRIAI , RIS ‘match’RENAERE.,

notLike(haystack, pattern), haystack NOT LIKE pattern operator

5'like’ BREUR M8 R FILER,

ngramDistance(haystack, needle)

EF4-gramit® haystack F needle Z [B]AYEEE : iTEFH M-gramES ZEINNHES , HEE(NNWERF N E#*ITIE—
€. REIOEN ZBEFVETZE R -- #IFIRON RN S MFAFEHELILAEM. NREEM needle 3K haystack #81332KB , BRI
BB EE, MNRIEE S haystack B needle FFFERBIT32Kb , MFEESIALL 71,

HFARAX D R/NERIER/FUTF-8HE T , ERX
#4 ngramDistanceCaselnsensitive , ngramDistanceUTF8 , ngramDistanceCaselnsensitiveUTF8 ,
ngramSearch(haystack, needle)

5 ngramDistance 183 , {1t & needle I haystack Z [B]AYIENTFFZE F—— needle BIn-gramif 2 needle I3—1{tn-gram, =]
FIEMFABRER,

WFARAXDK/NEEIERSK/FUTF-8F8 T\ , ERE

# ngramSearchCaselnsensitive , ngramSearchUTF8 , ngramSearchCaselnsensitiveUTF8 ,

AR WTFUTF-8 , FAi1fEMA3-gram, FIEXLEHAETLAFNIn-gramiERs, BAEMA2FHIRAERESIn-gram , AfF
THTEXERARZEN () WHER - TESLERR, WTFUTF-8RXHKXNEHHEI , FAAREER LT tolower K
# - BAEF B MUnicodeFFFFHHIHESA (NFHR) MFHHE—MRFT - XEMTHTE , EEATHEARERFE,

FRTREIREE

replaceOne(haystack, pattern, replacement)

F‘replacement’ FE &% ‘haystack’ F 5 pattern’ FERE—PMILEERILEIN (WNREFE ) ., ‘pattern’F‘replacement’ il
EEE,

replaceAll(haystack, pattern, replacement), replace(haystack, pattern, replacement)

H‘replacement’ F& &k ‘haystack’ P HE AT B ‘pattern’ F &R,

replaceRegexpOne(haystack, pattern, replacement)

£/ pattern’ EMFRARNER, ‘pattern B MREZ—MERMIre2 ENFAN, MRFESEMNRAXLEMTEIL , X
BiE—MLED, [EiY replacement’ BJBAFEE AIEMFRIAXNPHIHIRE, AJUBE 09, EXMERT , RERFERILE
MFAXM BN LREINER\0, ERAEMS ZWNAFRABRITNMAIN-\Y, BEERKRTER\FH , BER\FHEE

X, RIMEFEILE , FHEXFEZEFIMNIIE,

A B ERRE R D = ERST



SELECT DISTINCT
EventDate,
replaceRegexpOne(toString(EventDate), '(\d{4})-(\d{2})-(\d{2})", "\2/\8/\1") AS res
FROM test.hits
LIMIT 7
FORMAT TabSeparated

2014-03-17  03/17/2014
2014-03-18  03/18/2014
2014-03-19  03/19/2014
2014-03-20  03/20/2014
2014-03-21  03/21/2014
2014-03-22  03/22/2014
2014-03-23  03/23/2014

2. ERFRFETIX

SELECT replaceRegexpOne('Hello, World!', '.*', "\OWO\OW\O\\O\O\WO\WOWOWO') AS res

—res

| Hello, World!Hello, World!Hello, World!Hello, World!Hello, World!Hello, World!Hello, World!Hello, World!Hello, World!Hello, World! |
|

replaceRegexpAll(haystack, pattern, replacement)

SreplaceRegexpOnetB[E , (ERE#RATAEHIMAILED, £I40 :

SELECT replaceRegexpAll('Hello, World!", "', \\0O\\0') AS res

—res ]
| HHeelllloo,, WWoorrlidd!! |
|

PIshEIR |, MREAENRANBIRZ=EF&H |, WNSHIT KB, RO

SELECT replaceRegexpAll('Hello, World!', """, 'here: ') AS res

—res ]
| here: Hello, World! |
|

regexpQuoteMeta(s)
ZEAHATEFFRPNRELNE X FRAZERNRML, MEXFRF 0, \", 1", '(,),"™.'$,%
LT R, e, AN S re2 1 RE2 : QuoteMetalE B ARE, EUA\OTIARR\X005E W EFH

REVMENFN. BXIFMHER  BESHNEHE | [RE2]
( https://github.com/google/re2/blob/master/re2/re2.cc#L473)

FFEE

if(cond, then, else), cond ? operator then: else

UNER cond ! = 0 MR[E then , YNER cond = 0 MIR[E] else , cond WAZIRE Ulnt8 AL |, then F else WINFERIRAIHF LAY,

’

—

(=



then FM else BJ BAZ NULL

multilf

RFEEERPE R RMNRE CASEIZET,

multilf(cond_1, then_1, cond_2, then_2...else)

e cond N — ERFURIE then N BYZEH4,
o then N — HITETRENAILER,
o clse —WRGEFHBEMFZM , WHRHMER,

S

CREIES oN + 1 B,

RE1E

ZEHURE{E then_N"K “else”"Zz— , EREURTF &M cond N,
il

FHREMT KR

=25
| 1 | NULL|

2] 3]

M1TEE SELECT multilf(isNull(y) x, y < 3, y, NULL) FROM t_null , %%

—multilf(isNull(y), x, less(y, 3), y, NULL)—
| 1]

| NULL |

L

RN

PATF P RIERELERIR [B] — 1 Float64 K BUAVENE, IREIGRERURFTEEAEEIRE

ZERNBFARE,

IRE—MEERFE EelIFloat6450F,

pi()

RE—MEIRFE EnMFloat64 =,

exp(x)
B — M UERRINS BEHRE TS,

log(x), In(x)

, BERATRESHL

188

sHA RAERER



R MRERAENSEHROERB AN,

exp2(x)

R — M REREMSEFFREER2EIRT,

log2(x)

BRI REXRENSHRFRECHER2IT .

exp10(x)

BE M RERENSRFROEM 108X E,

log10(x)

B MUERENS IR EIERIEK103TE,

sqrt(x)

R MUERENSEFREEHNT LR,

cbrt(x)

B MEXRENSHIREEHNIHR,

erf(x)
MR BIEGL , Maerf(x/oV)REBIESHHANEREN o HEN T EMNESTEREZBNEERF X",
A (=FERRIEEN ) ¢

SELECT erf(3 / sqrt(2))

—erf(divide(3, sqrt(2)))—

| 0.9973002039367398 |
|

erfc(x)

BRI BUESHFHREI—MEAT - erf(x)AIFloat64 B F , BEAREXK X ENEE,

lgamma(x)

1R [EXEIEITER B SATS ERAIINISER 2L,

tgamma(x)

1R OB {0 R 2K

sin(x)



R ExH) =FIE%(E,

cos(x)

R [EXH = RAIE,

tan(x)

REXH =FIELNE,

asin(x)

REIxHI R =FAIEZIE,

acos(x)

REXH R =ARZIE.

atan(x)

REIXE R =FAIEtE,

pow(x, y), power(x, y)

BEEAyBmNSE, REIXEYXTT,

intExp2

BE— I REERENSEFROEM2HGRE (Uintéd) ,

intExp10

BE— A RERENSBFROEHI10890XE (Unté4) ,

HVEE PR 2]
floor(x[, N])

RENFEHRFFXRIRAETALY, ZRPBEASHEI/I0N , INR1/10NAIEH , NER RTINS S 8IEEEN
*

], NR—1MEBREE , iESH, AR, IBEXREAWEFITEA, NITURHE,
R~ floor(123.45, 1) = 123.4, floor(123.45, -1) = 120.

x BIEARFERE, FREENERZEE, WFBYUSH , EFANNEHITEAREENH (WFIERN", ZBHERART
EEIRIE ) . WMRENESHEE (F0, floor(-128 , -1)) , MREHFE FLIMAILER,

ceil(x[, NJ), ceiling(x[, N])

REXFHEFT XHIRNEAL, EEMSE , ES floor TIgEMER (LX) .

round(x[, N])



FENERIIEE R NBAIEL,
ZERAEIAFRERIENET, IREERFESSIRONT , WRBROEFRBEIBHNETFT (RITHNERN) .

round(expression [, decimal_places])

e

o expression — BFHITIENHTF, FTUREMEEHFEIMFRAL,
o decimal-places — EEENEEY,
o YN5R decimal-places >0 , MZEFIFEE N /NEB=BM,
o YNR decimal-places <0 , MZEHIF NS EMPENEZREA,
o YNR decimal-places =0 , MIZHRHIFZEZTARELY, EEXMERT , TTUEBSE,

RO :
S5mABFHEREEANNERNLF.
Bl

ERRBG

SELECT number / 2 AS x, round(x) FROM system.numbers LIMIT 3

—x——round(divide(number, 2))—

| o] 0]

| 0.5 0]

| 1] 1]

| ! |
iVt

VG gall) o lani D e 2

round(3.2, 0) =
round(4.1267, 2) 413
round(22,-1) =
round(467,-2) = 500
round(-467,-2) = -500

RITHIENE,

roundToExp2(num)

BZ—I8F. IR8FNF1, WiRE0, BN , ERFEFE T EARRRERN (BNIER) 200X F.

roundDuration(num)

BE—1HF, IRHF/NF1, WigE0, &N , ERBFRA FTEANESHHEF
1,10,30,60,120, 180, 240, 300, 600 , 1200 , 1800 , 3600 , 7200 , 18000 , 36000, LkeK#FFYandex.Metrica
WRPIHTBERERVIFEAAK,



roundAge(num)

BE—1MFE, MRHFNF18, MRE0, BN , E¥HFETSANESHIEE 18, 25, 35, 45, 55, ItLREA
FYandex.MetricatiRZRF AP FE# 1T E,

roundDown(num, arr)

BEZ—18F , BRHATSAIBERAEPHTER. NRZENTHRAFHRRLR , WiEkEREL7.

5 EAZIESE S
empty

WFZEHERET , WFEZHAREBO, FLRERZUING, ZRBBERTFTR,

notEmpty

WFEHEREO , WFIEZHERET, LREBEUING, ZERPBERTFHR,

length

REIHEPIITEN, HEREERUINt64, ZEHBERTFHE,
emptyArrayUInt8, emptyArrayUlnt16, emptyArrayUlnt32, emptyArrayUIint64
emptyArrayInt8, emptyArraylnt16, emptyArraylnt32, emptyArraylnt64
emptyArrayFloat32, emptyArrayFloat64

emptyArrayDate, emptyArrayDateTime

emptyArrayString
ANEZEASHFAROE S RBFI A,
emptyArrayToSingle

BER—AZRAARE— MBS - EIMETRIVEE.

range(N)

IREMOEIN-TEVERFER4H, AR — , MNRAEZRIERPEIZSKEE1L 100,000,000 TTREVERAE , WiEFE,

array(x1, ...), operator [x1, ...]

ERRUMSBEIBETREE—THE, SBUNREE  FEEAR/NAHEBMER, YRELFE—ISH,
BUENEBECIZMIEANNAE, MR , (FAERERXMREREEZE—NZ=HE (ALt |, R LE#ER
f9'emptyArray \ *'iB$8 ) . R[EI'Array (T) 'ERMER , AR T'RESNSHFRNINHER,



arrayConcat
BHESRPERIFEHE,
arrayConcat(arrays)
S8
o arrays — EEHEMArrayERN S R

SELECT arrayConcat([1, 2], [3, 4], [5, 6]) AS res

—res————
| [1,2,3,4,5,6] |
|

arrayElement(arr, n), operator arr[n]

MEREE arr IRENERS| R n"BITTR, n W AREFAIBHER, BEPHIRSIN—FFEA,
BENREFRRESHENTER, F190, ar[-1] RBEAFHIRE I,

4

NRRS|BHAEMAR , WREEIME (BFR0 , FHERZFHESF) .

has(arr, elem)
WEarrfitERBET elem'stx, MNMRTEANELES , MHIREO0;INRE |, MR
NULL {ERIALIE,

SELECT has([1, 2, NULL], NULL)

—has([1, 2, NULL], NULL)—

I 1]

hasAll

RE— MUERBR S —MRANFE

hasAll(set, subset)

28

o set - BE—HTHRMEFEEEKAE,
o subset — fEMERIMENLE , HITRMIZHML T set BIFE

REE

o 1, U set B1E subset FHIFT BT,
° 0 ’ E\)H\IJO

FREIE X
o EIHEREMEENTFE,
o “Null"fEREAFRITREHITAIE,

Skl

#3l,

ERMELT , B



o ZERANMUERHTRENIRT,
N
SELECT hasAll([], []) returns1.
SELECT hasAll([1, Null], [Null]) returns 1.
SELECT hasAll([1.0, 2, 3, 4], [1, 3]) returns 1.
SELECT hasAll(['a', '0", ['a’]) returns 1.
SELECT hasAll([1], ['a]) returns 0.

SELECT hasAll([[1, 2], [3, 4]], [[1, 2], [3, 5]]) returnsO.

hasAny
KEMNMUEREFERE,
hasAny(array1, array2)

28

o arayl - B — AT RIEFI LA,
o array?2 - BE—HITERERRBAENA,

REE

e 1, YN arrayt # array2 TEERE,

e 0, &M,
FRRIE X

o “Null"fEREEPRRTREHITEIE,
o BEEFABARNTRENIRF.

AN

SELECT hasAny([1], [I) returns 0.

SELECT hasAny([Null], [Null, 1]) returns 1 .
SELECT hasAny([-128, 1., 512], [1]) returns 1.
SELECT hasAny([[1, 2], [3, 4]], ['a', 'c]) returns 0.

SELECT hasAll([[1, 2], [3, 4]}, [[1, 2], [1, 2]]) returns 1.

indexOf(arr, x)
REFBAFPE—NXTRIES| (MNFE) | IR X TEARFEEHRAS |, MHREO,

Nl



) SELECT indexOf([1,3,NULL,NULL],NULL)
SELECT indexOf([1, 3, NULL, NULL], NULL)
—indexOf([1, 3, NULL, NULL], NULL)—

| 3]
|

RE N NULLRITTRFEF hE BT R ELE,

countEqual(arr, x)

RO AP EFXHITERN N, #HE FarrayCount (elem->elem=x, arr) ,
NULL {E431F R R MpY ST R E AR,

ENR

SELECT countEqual([1, 2, NULL, NULL], NULL)

—countEqual([1, 2, NULL, NULL], NULL)—
|I 2|

arrayEnumerate(arr)
iR[E Array [1, 2, 3, ..., length (arr) ]

ILEINEEIEE SARRAY JOIN—REA, ERIFEMAARRAY JOINFAEMNUATE—R, Hi0 :

SELECT
count() AS Reaches,
countlf(num = 1) AS Hits
FROM test.hits
ARRAY JOIN
GoalsReached,
arrayEnumerate(GoalsReached) AS num
WHERE CounterID = 160656
LIMIT 10

—Reaches——Hits—
| 95606 | 31406 |
L 1

FELEREIF |, Reaches 231X 58 ( MZFIARRAY JOINGEWMFRE ) |, Hits@MEEE (ARRAY JOINZBIMERE ) ., £
XHISTRIE AT |, el A E RN RS E RS

SELECT
sum(length(GoalsReached)) AS Reaches,
count() AS Hits
FROM test.hits
WHERE (CounterID = 160656) AND notEmpty(GoalsReached)

—Reaches——Hits—
| 95606 | 31406 |
| 1

LEIhEEtL T TSR, B0 , SR MERERIKIS FHLEMTRIVERARS],



arrayEnumerateUniq(arr, ...)

RO SEHEXRNERNEAE , ERENMNTERTISE NN NARESETRTRHAEPH AL, F :
arrayEnumerateUniq (\[10,20,10,30]) =\[1,1,2,1],

{EFIARRAY JOINFIZ AT XM SR |, LEREEE R,
G

SELECT
Goals.ID AS GoallD,
sum(Sign) AS Reaches,
sumlf(Sign, num = 1) AS Visits
FROM test.visits
ARRAY JOIN
Goals,
arrayEnumerateUniq(Goals.ID) AS num
WHERE CounterID = 160656
GROUP BY GoallD
ORDER BY Reaches DESC
LIMIT 10

——GoallD——Reaches——Visits—
| 53225 | 3214 | 1097 |
| 2825062 | 3188 | 1097 |
| 56600 | 2803 | 488 |

| 1989037 | 2401 | 365 |
| 2830064 | 2396 | 910 |
| 1113562 | 2372 | 373 |
| 3270895 | 2262 | 812 |
| 1084657 | 2262 | 345 |
| 56599 | 2260 | 799 |

| 3271094 | 2256 | 812 |
L 1

FUERGIF , B Goal DE T HEH IR ( BEFERERIEEHPHNE N TRBZAZNBR , BAMHZ %) x1E
. MRLBEARRAY JOIN , HINSBFRERTT RS (Sign) . EEXMIFHRBAT , 1TRUEKENGoals4iH , EIE
THEEZBRUHTESNIE—R , BAME— N RA FarrayEnumerateUniq ( Goals.ID ) BBZIEYE.

arrayEnumerateUniqE ] LAMER S S K/NMERINS N E, EXMERAT , W TFBEREIIFHEENERTTETTAE , &
EME—1E,

SELECT arrayEnumerateUniq([1, 1, 1, 2, 2, 2], [1, 1, 2, 1, 1, 2]) AS res

—res————
| [1,2,1,1,2,1] |
|

HEATERESUEEMAVARRAY JOINHELEMTES N TR —SBEHR |, XRWEM,

arrayPopBack
MEEB P IBR & e — I,
arrayPopBack(array)
S8
o array — $4H,

hl



SELECT arrayPopBack([1, 2, 3]) AS res

—res—
| 11,21 |

arrayPopFront

MERLB AR IIBR 36 — I,
arrayPopFront(array)
S8
o array — #U4H,
Bl

SELECT arrayPopFront([1, 2, 3]) AS res

,—res—|
| 12.3] |

arrayPushBack

AI— TR BERRE.
arrayPushBack(array, single_value)

28

o array - 48,
o single value - BME, REEGHFRMETHFOHAS , FEREBFHRRNNZFFBEIAEDR, RNBF
BY , ClickHouse= BB BIELRIZ E single_value 28!, BXClickHouseFHIRLEMEZER |, BEIRHIE
A BJBAR'NULL , ZEHEEERM—MNULLTTE |, S4B TEMZERER S Nullable',
~f

SELECT arrayPushBack(['a’], 'b") AS res

—fres——
| a1 |

arrayPushFront
B— N RRINE BB,
arrayPushFront(array, single_value)

28

o array - 4R,



o single value - BME, REFHRFRMEITRFEES , ARRERFFRRMEFHERATR, RNBF

Y , ClickHouse& B A EERIBIEZL AR E single_value 228!, BXClickHouse#IBERMESER |, BSH IR
KR BTUAR'NULL . ZRBEEERIN—NNULL TS |, HUETENER %S Nullable”,

BN

SELECT arrayPushBack(['b"], 'a') AS res

—res——
| [a,b1 |

arrayResize
BB KE,

arrayResize(array, size[, extender])

o array — #44A.
o size —HUEARMEIKE,
o MR size INFEUEBMIFREIRAR/N , MELRE NG MEER,
o WNER size KFEERRIFITAR N , MI{EF extender {EERFNELA TR ENIB R BRI BRIAE B BT R EIAMI,
o extender — ¥ FEENZARYME, PIBAR'NULLS,
R[ElE:
— size KERIELLE,
BRI

SELECT arrayResize([1], 3)

—arrayResize([1], 3)—
| [1.0,0] |
L

SELECT arrayResize([1], 3, NULL)

r—arrayResize([1], 3, NULL)—
| [1,NULL,NULL] |
L

arraySlice
—NFHE , BENEEMENEEKENTE.
arraySlice(array, offset], length])
S8
o array - #4H,

o offset - BRI, EERREMPFERE , ERSEMGEHE, HETRMFLE,
e length - FEUEEMKE, WMRIBERNE , MZELHBGRE [offset , array_length - length , R ZIEZIE , MHZRFER

S



[A] [offset , the_end_of array] ,
NG|

SELECT arraySlice([1, 2, NULL, 4, 5], 2, 3) AS res

—res—————
| [2,NULL,4] |
1

RENNULLBVEA TR hE BT R ERIE,

arraySort([func,] arr, ...)

PAFHFEXS arr ABRITTREITHER, WMRIBE T func BBEL , WHEFIAFH func RBIVIEALSRIRE. MR func XSS
£, BB arraySort ERENWAFREMNTS func RV SBBERENRASE, EiFRAMIRHEIE araySort BIRE,

B RO

SELECT arraySort([1, 3, 3, 0]);

—arraySort([1, 3, 3, 0])—
| 0,1.3.3] |
|

FRERAF R

SELECT arraySort(['hello’, 'world', 'I']);

r—arraySort(['hello’, 'world', 'I')—
| [','hello’,'world] |
1 ]

NULL , NaN F0 Inf B9HEFRIRF :

SELECT arraySort([1, nan, 2, NULL, 3, nan, -4, NULL, inf, -inf]);

r—arraySort([1, nan, 2, NULL, 3, nan, -4, NULL, inf, -inf])—
| [Finf,-4,1,2,3,inf,nan,nan,NULL,NULL] |
|

o -Inf REEFMIE—1,
o NULL REBAFHRR—1
o NaN 7£ NULL BYRTHE,

Inf #E NaN BYBUE,

R . araySort REMEEL, ER]ARFlambdakBFAE —MSREBLEE, EXMBERT , HEFIRFBlambdak 2ETE
RZERRE.

IERARE—TUTRA

SELECT arraySort((x) -> -x, [1, 2, 3]) as res;



r—res——
| 3,21 |
|

WFIRHENZNITE | lambdaRFREIHEFRE |, BI[1->-1,2->-2,3->-3], BT arraySort EREIEFA RIS EIHAITHEF |
LERA(3,21], AL, (x) > -x lambdatk#iGHEF IR E R EF,

lambdatR# AT AER ZNEH, AXMERT |, BEER araySort FiSlambdaS AN HAERNEE, RBERE -G
ARBARPTTRAMREIER | ERETREANBEFENHFRE, B :

SELECT arraySort((x, y) -> vy, ['hello', ‘world'], [2, 1]) as res;

—res ]
| ['world", 'helloT] |
|

XE , EEZANA ([2,1]) FEXTE N (['hello’, 'world']) BIMERTTEM0HEFRE , B['hello’ -> 2 , 'world' ->
1], BHFlambdaBZ 2B FER x , BEIEHATHSIIMERSRMERMIAF, BTUA , ‘worldERERHPIE—NT
%, ‘helloBERERFIIIE_INT=,

HithREIIN TR,

SELECT arraySort((x, y) ->y, [0, 1, 2], ['c', 'b', 'a']) as res;

—tes———
| 121,00 |
e — |

SELECT arraySort((x, y) -> -y, [0, 1, 2], [1, 2, 3]) as res;

—fes——
| 12,1,0 |
I

IHEE B TIREHIFXE |, £ 7T Schwartzian transform,

arrayReverseSort([func,] arr, ...)

CABE XY arr #UBRITTRHITHEFR, WRIEET func BREL , WHEFIRNF A func REBNARER AT, R func EZE1NS
#, # arrayReverseSort BREIHAGERIT S func BRENSEERMEIVEEBERSE, F1FMAV/RPITE arrayReverseSort FIR
B.

BIHF RO

SELECT arrayReverseSort([1, 3, 3, 0]);

r—arrayReverseSort([1, 3, 3, 0])—
| [3,3,1,0] |
|

FRBRAFRA:

SELECT arrayReverseSort(['hello’, 'world', '']);


https://en.wikipedia.org/wiki/Schwartzian_transform

r—arrayReverseSort(['hello’, 'world', 'I'T)—
| ['world','hello',] |
l

NULL , NaN F0 Inf BIHEFRIRR :

SELECT arrayReverseSort([1, nan, 2, NULL, 3, nan, -4, NULL, inf, -inf]) as res;

[—I'GS 1
| [inf,3,2,1,-4,-inf,nan,nan,NULL,NULL] |
1

Inf RELHEPRIE—1

o NULL BHAPHRE—1.
o NaN 7E NULL BRI,

o -Inf 7£ NaN BYHITME.

EE ¢ araySort BSHEE, BRILAFlambdalBBERAE— N ESREBLEE, WTREIFAT,

SELECT arrayReverseSort((x) -> -x, [1, 2, 3]) as res;

—res——
| 1.2,3] |
L 1

BEBFELATARNHEF © Thearray is sorted in the following way:

1. B5% , RiElambdaR BAVHALERWIREA ([1,2,3]) #HiTHF, £R23,2,11,
2. R¥ELE—TRIFE, A, REMEREN, 2,3]

lambdaF eI AEZ S NS, EXMERT , BEEH arrayReverseSort 1£i# SlambdaS #ANMEERIE4E, EEEA
F—NMaAWFEPNTRAEMROLER ; FRETREANBEERHIFRE, Fla0 :

SELECT arrayReverseSort((x, y) -> vy, ['hello’, 'world], [2, 1]) as res;

—res 1
| ['hello','world1] |
|

FEXANMIFHR , AR T AR

1. 8% , iRilambdaE BEVHALRITRLNA (['hello’, 'world']) #1THEF., HF , HEZMEA ([21]) PEXTIR
BAPHENTRIAEFR. FCL, HFER['world', "hello'],

2. R¥ELE—DRPIRF[IHIFRAE. A, REHIZERZ hello’, 'world'],
EithREIW TR,

SELECT arrayReverseSort((x, y) -> vy, [4, 3, 5], ['a, b, 'c]) AS res;

—res——
| 15,3.4] |

SELECT arrayReverseSort((x, y) -> -y, [4, 3, 5], [1, 2, 3]) AS res;



—res——
| [4,3,5] |

arrayUniq(arr, ...)

RGBS, WHERATAETEZNRE, NMREETSIMSH, WeHES M REATRNMNENRRTTRTA
HEE,

MR EFREVEBERME— ISR , BTLA{EFHarrayReduce ('groupUnigArray' , arr) .

arrayJoin(arr)

—MEIRBIINEE. ES I ArrayloiniREL " E853,

arrayDifference(arr)
REI—MIE , ERBEESMBEEBSTEN ZBINEE, Fii:

SELECT arrayDifference([1, 2, 3, 4])

—arrayDifference([1, 2, 3, 4)—
| [0,1,1,1] |
|

arrayDistinct(arr)
BBl —NEERERARTEITRARAE, i :

SELECT arrayDistinct([1, 2, 2, 3, 1])

r—arrayDistinct([1, 2, 2, 3, 1])—

| [1.2,3] |
L |

arrayEnumerateDense(arr)

RESFEHAEAXRNMEENEAE  BRENMNTEEAENERKEFNUE, I :
arrayEnumerateDense ([10,20,10,30]) =[1,2,1,3],

arraylntersect(arr)

ROFTAE TR E, B9

SELECT
arraylntersect([1, 2], [1, 3], [2, 3]) AS no_intersect,
arraylntersect([1, 2], [1, 3], [1, 4]) AS intersect

r—no_intersect——intersect—
lo o |
L

1 |

arrayReduce(agg_func, arr1, ...)



BREXJHBNATHEFREELR, NMRRESXBEESMSH , NILRHFTNATFHEEXR/NS MNEE,

arrayReduce ('agg_func', arr1, ...) -8B EHEE agg_func MATEER arrt ..., WREBTSNEE , WAEANME EHT
ZBIEASNISEERARESEL, B30 : SELECT arrayReduce ('max’, [1,2,3]) =3

arrayReverse(arr)

RO SREXRNERNEE , B REREANRMETENER.

FRERDSFHERN

splitByChar(separator, s)

EF TR separator IRN BN T B, ‘separator WA BE— N FHNFHEER, BREFDBEHNFEOEHE, 0
RORETHNEFHRNALDLER , HEBNRESNMEENSIRT , WEENNIBIERTHFE,
splitByString(separator, s)

5 tEER , BEEEASNMFRNFHRENNREN, ZFFRLOMNIES,

arrayStringConcat(arr[, separator])

fE A separatoriE BT LM F T RIHIFLR, separator B—Ne[ESH | —NEEFHE , MABATIREATFERN
B, REFEREHNFHR,

alphaTokens(s)

MEEla-zFIA-ZFIEFELF T FFHHR, BREFFRHHELHE,

il

SELECT alphaTokens(‘abcaiabc')

r—alphaTokens(‘abcalabc')—

|I ['abca’,'abc'] |
IR ERRIEY

(BRERFBOEATFUINtS |, UInt16 , UInt32 , UInté4 , Int8, Int16 , Int32 , Int64 , Float328kFloat64FRRg{E{aI 28,
FREMZ—NEBY , HUHETFESHNEKRNU, IREBLE—ISHAEFTRE , WERIBHTHFE., NRSHREEZS
8, Mg EEHIFERAINt64,

bitAnd(a, b)

bitOr(a, b)

bitXor(a, b)



bitNot(a)

bitShiftLeft(a, b)

bitShiftRight(a, b)

bitRotateLeft(a, b)

bitRotateRight(a, b)

bitTest(a, b)

bitTestAll(a, b)

bitTestAny(a, b)

(RSB
AEERRATHRHMIENHTHE , HFEA—MIBES , SEBEE— MIENS , fifland , or , xor , not%

MBI R EEMMIESE —PNEARBEEMgroupBitmapStatefgitEhy , B — N EMHArray ObjectigEly, ERHER] LAY
BN SREE(L I ERANT &,

FAEMRoaringBitmapSEFRFAEMEIN &K , HEBUNTHET 320 , EEMASetiRTF, SHEKAT3I2H , EEA
RoaringBitmapf&fz, XthE It A RERENFMEERNIRE,

BXRoaringBitmapfIEBER , i55# : CRoaring,

bitmapBuild
MRS BEEBREUENR,
bitmapBuild(array)
S8
o array - LASEBEEEAE.
il

SELECT bitmapBuild([1, 2, 3, 4, 5]) AS res

bitmapToArray
I EFE IR D B EEN L,

bitmapToArray(bitmap)

28


https://github.com/RoaringBitmap/CRoaring

e bitmap - IEINTE.

BNl

SELECT bitmapToArray(bitmapBuild([1, 2, 3, 4, 5])) AS res

res———
| [1,2,3,4,5] |
|

bitmapHasAny

5 hasAny(array , array) £ , SIRUEEEALAHTENRET , FMWIRE0, WFZ=AIE , REO,
bitmapHasAny(bitmap,bitmap)

o
e bitmap - bitmap¥t&,

AN

SELECT bitmapHasAny(bitmapBuild([1,2,3]),bitmapBuild([3,4,5])) AS res

—res—

| 1]
L 1

bitmapHasAll

5 hasAll(array , array) 2l , iIRF—MIEBEEFE_MIERIFRETER , WiRE1 , BUIRE0, MRFE_NMISHEZAL
, & [E1,

bitmapHasAll(bitmap,bitmap)
e

e bitmap - bitmap 35,

Pl

SELECT bitmapHasAll(bitmapBuild([1,2,3]),bitmapBuild([3,4,5])) AS res

—res—
| o]
L 1

bitmapAnd

AFNMIBENRHITSRE | RE—NMRULERN R,
bitmapAnd(bitmap1,bitmap2)

28



e bitmap1 - IEXN &,
e bitmap2 - fIEN &,

Nl

SELECT bitmapToArray(bitmapAnd(bitmapBuild([1,2,3]),bitmapBuild([3,4,5]))) AS res

[—res—|
| 3]
L

bitmapOr
FFAMIEN SRFITEIRF | RE—MRAGEN R,
bitmapOr(bitmap1,bitmap2)

Parameters

e bitmap1 - fIEIITE,
e bitmap2 - fiIENE,

BN

SELECT bitmapToArray(bitmapOr(bitmapBuild([1,2,3]),bitmapBuild([3,4,5]))) AS res

—res———
| [1,2,3,4,5] |
L

bitmapXor

FAAMIENRHEITREERE |, RE—MIUENSR,
bitmapXor(bitmap1,bitmap2)

S8

e bitmap1 - fIEIITE,
e bitmap2 - fIIEM &,

Pl

SELECT bitmapToArray(bitmapXor(bitmapBuild([1,2,3]),bitmapBuild([3,4,5]))) AS res

—res——
| 11,2,4,5] |
I |

bitmapAndnot

HEAMIENESR | RO —MHREOVENR,



bitmapAndnot(bitmap1,bitmap?2)

28

o bitmap1 - fIEIITE,
e bitmap2 - IIEIXR,

Pl

SELECT bitmapToArray(bitmapAndnot(bitmapBuild([1,2,3]),bitmapBuild([3,4,5]))) AS res

—res—
| 11,21 |

bitmapCardinality

IREl—PNUINt6AK B EE , RINMENTRIVEL,
bitmapCardinality (bitmap)

Parameters
o bitmap - IEINR,

BNl

SELECT bitmapCardinality(bitmapBuild([1, 2, 3, 4, 5])) AS res

|—I'BS—|

| 5]

L 1
bitmapAndCardinality
FAWMIENREITSRE |, RESRUENEL,

bitmapAndCardinality(bitmap1,bitmap?2)

28

e bitmap1 - fIEIT K,
e bitmap2 - fIEN &,

BN

SELECT bitmapAndCardinality(bitmapBuild([1,2,3]),bitmapBuild([3,4,5])) AS res;

bitmapOrCardinality



AFWMIEHITHEE | ROSERUENEL,
bitmapOrCardinality(bitmap1,bitmap2)

28

e bitmapt - IEINTE,
e bitmap2 - fIEITE,

Nl

SELECT bitmapOrCardinality (bitmapBuild([1,2,3]),bitmapBuild([3,4,5])) AS res;

bitmapXorCardinality
ABMIEHITREEE | RESRUENELR,
bitmapXorCardinality(bitmap1,bitmap2)

S8

e bitmap1 - IEIN &,

e bitmap2 - fIENE,
N

SELECT bitmapXorCardinality(bitmapBuild([1,2,3]),bitmapBuild([3,4,5])) AS res;

—res—

| 4]

L 1
bitmapAndnotCardinality
TERMIENES , RESERUENELR,

bitmapAndnotCardinality(bitmap1,bitmap2)

28

e bitmap1 - fIEIIT &,
e bitmap2 - fiIE} &,

BN

SELECT bitmapAndnotCardinality(bitmapBuild([1,2,3]),bitmapBuild([3,4,5])) AS res;

—res—
| 2]
L 1



Hashig %4

Hasheg Z =T LA 45 T = AN el d R (aBEAL T L,

halfMD5

THTEFFRMMDS, AREFKIERMWBISNETHECIWERUINt64 (K ) iR[E], LEERZME R (5007 MEFRFHR/
W/zl) . MNRELREFEEZE—EFERAMDS , &R sipHash64'E ],

MD5

TTEFAFBRIMDSFIZERMAFixedString(16)FiR[E]l, MRERBEE—M28(Ifhash , BN AEZ—EFEHAMDS ,
BER sipHash128'E$, MREEFREBEmMdSsumiZFEENMHEER |, i5EHlower(hex(MD5(s))),

sipHash64

TTEFAFBEMSipHash, EZStringZRBFSE , IREUINt64, SipHash@—FIIZEISF R, SRLIEMEEEE LD EEMDS R
=&, BXREFEMEE , BSRAEEE  https://131002.net/siphash/

sipHash128

HEFAFEREMSipHash, E2StringZXBIHS4K , iIREFixedString(16), SsipHash64R M ABEFENRLRITELERE L
12811,

cityHash64

TEIEEREFFEMCityHash64s F RS EL MM HashB T EEEHEH LR Hash, WFFFH , EH
CityHash&j%x, XR—MREMIEMZBRFRLY , BTFHE, NWTFEMERENSEY , FRSEXUMNHashE , X2 —
FIRIERIENNZNIELTI R, MBER TSNS, WEACityHashAS XS K Hash4E R, B0 , BT AT ERAR
Hchecksum , HEREURTFITHIRE © SELECT sum(cityHash64(*)) FROM table ,

intHash32

FEFIREMBZTEI2UMEA. X2ENSMEVIEMEZEHashE LR,

intHash64

MEFZERM BT EOAUR AL, BRI LIFRELintHash32R 1R,
SHA1
SHA224

SHA256

TTEFHFHEMSHA-1 , SHA-2245SHA-256 , FIFERF T &R O] S FixedString(20) , FixedString(28)gkFixedString(32),
ZE LR (SHA-TKA500 5 MEFFFR/F /A% , TISHA-224F1SHA-256 K£9220 B MEFETFR/M /il ) » Al
BIVNELTERIX EHashB M BT AR NIER FERXLERL, EEXEELT , BIMNBIUESRHBRBAES ALY
EBRERAMTENANEETERE, MARESELECTRITEE]


https://131002.net/siphash/

URLHash(url[, N])

—FRIEAVIENNZSF R , A TFASEHAIMURLIRGRIF A E, URLHash(s) - \—IMNERFRITE—NEE |, IREER
EERERS / , 2 3 # M2, URLHash (s, N) -iHHEURLEXREMPEFRIINEINNEAEE , MRKEFEERES
S/, 2 3# WA, URLMEHKSURLHierarchyRIERMER, LbERE# AT Yandex.Metrica,

farmHash64

THEFFHEMFarmHash64, #X—StringZER S, REUINt64, BXFMER , i5SHHEHE  FarmHasho4

javaHash

TTEFHFEMlavaHash, EZ—/StringZ2RBFIS%, REINt32, BXEZEE , i58HEEE : JavaHash

hiveHash

HEFFHEMHiveHash, #%—StringZBHIS%, &EINt32, SlavaHash#E , EARIRE G,

metroHash64

THEFERTEBEMetroHash, &S —NStringZ2RBIp984, REUINt64, BRIFMER , BSREEHE | MetroHash64

jumpConsistentHash

T &UInt64#9JumpConsistentHash, EZUINt64REIMSE, REINt32, BEXEZEE , B8N

# : JumpConsistentHash

murmurHash2_32, murmurHash2_64

TTEFAFEMMuUrmurHash2, &S —String28BIp984%8, REUINt645kUINt32, BXEZEE , B

$ : MurmurHash2

murmurHash3_32, murmurHash3_64, murmurHash3_128

TTEFFEMMurmurHash3, #ES—/NStringZR S, REUINt643kUINt328,FixedString(16), BXEZER , 52
[ 4%5E : MurmurHash3

xxHash32, xxHash64

TTEFHFEMxxHash, EBZ—AStringZERNSE, REUINt645EUINt32, BXEZEE , B8 MEE : xxHash

BEMRIZY
ELEE R (3 A A 5 54 A R EBELIL

FRERENRBE RER — NSRBI EZEMSH. B BEEREMAEIENSE , BERENSBIERREREEMME
MBERIIEF, LESENE-BNRMHLEARFRANER , EEERNE R ERBEIREYER SN AR FIFEN

rand


https://github.com/google/farmhash
http://hg.openjdk.java.net/jdk8u/jdk8u/jdk/file/478a4add975b/src/share/classes/java/lang/String.java#l1452
http://www.jandrewrogers.com/2015/05/27/metrohash/
https://arxiv.org/pdf/1406.2294.pdf
https://github.com/aappleby/smhasher
https://github.com/aappleby/smhasher
http://cyan4973.github.io/xxHash/

RE—MUINt32LEAHIFEN L F , FTBUING2R ANV F IR EMMIMRIINSE, IRBEER TN EMFENE.

rand64
IR[E]—MNUINt6AKERIHIRENIINE , FrBUINt64R BB F IR E R MBI RIIBE, R ER T R FET S,

randConstant

RE—PUING2LBMFENEF |, ZRBAEZLET R AN IRRSE—MEVEL

N IRSESY
hex

¥&% String , unsigned integer , Date 3% DateTime KBS, REIBEFSHN+HFIRRNFRFE, EFRAEFEF A

Fo INMEA oxBIZRE h BR. WTFFFRER , IEFHEERMFEZAFNTAHENTF, BFBEAIKE (“SHRIE") 1§
N, WFHF , ZREPRIANT , BRENFT, FI90, hex (1) =01', Date #4mh3 7 EUnixBT 8] FF 14 ASREI K EL,
DateTime ZmAd o B UnixAd (&) FF 38 ASRA9FD£4,

unhex(str)

BRIESEEREN T AHFIKFNFFRE , FREGSHENFTHNFHE, IFAE/NEFFA-F, TRHFIHFIH
ETVEBH, NREFTH , WRE—IBHEERH00-OFFETHEAL, MNESHFFRE SR TSEFIHFUINEAA
=, WRE—LELMEXMNER (AMERE ) . IRERLEREZRAEFE , ?JLAEH “reverse”fl“reinterpretAsType” &
;%QO

UUIDStringToNum(str)

EZERE36ANEMHERTER , 8 }4123e4567-e89b-12d3-a456-426655440000” , FIGE (L J9FixedString (16 ) iR
@o

UUIDNumToString(str)

¥ FixedString (16) {E, REIEE36 N FAHMIXRIENRIF TR,

bitmaskToList(num)

BR—ABYE, ROE—1FFE , EFE3—E2NRIIR  HIRFOAEERNSETINBY, JIREAESHE , %
FtEFHET,

bitmaskToArray(num)

BRZ—EE, RE—MUINt6AXREA  HREE—H2MTIIR , HIIRPHMEERNSTINMER. RATHRF
BFFHE,

UUIDEE %]

NE3E T Fr B UUIDEIE X R 1#Y

generateUUIDv4



$RE—NUUID ([RA4)

generateUUIDv4()

RE{E

UUIDZEEIRE,

fEARG

ERAIERIFIERPEIZUUIDERRT , AWEE ARIE,
) CREATE TABLE t_uuid (x UUID) ENGINE=TinyLog

;) INSERT INTO t_uuid SELECT generateUUIDv4()

:) SELECT * FROM t_uuid

T X/
| f4bf890f-fadc-4332-ad5c-0c18673f28¢9 |
|

toUUID (x)

g String KR {EFE IR HUUIDK R E,
toUUID(String)

R[EIE

UUIDZERIME

EFARG

:) SELECT toUUID('61f0c404-5cb3-11e7-907b-a6006ad3dba0') AS uuid

| uuid—
| 61f0c404-5¢ch3-11e7-907b-a6006ad3dba0 |
L

UUIDStringToNum

BZ—StringZBBUpME , EHREIE36MNFERBEIEINIT x0000mmom-xxx-xxxox-xxxx-xxxoxxxxxxxx , 152 AHUUIDREEF
BAFixedString(16)4 ik [E],

UUIDStringToNum(String)
R[O{E
FixedString(16)

ERRA


https://tools.ietf.org/html/rfc4122#section-4.4

:) SELECT
'612f3c40-5d3b-217e-707b-6a546a3d7b29" AS uuid,
UUIDStringToNum(uuid) AS bytes

—uuid r—bytes
| 612f3c40-5d3b-217e-707b-62546a3d7b29 | a/<@1;1~p{Ti=0) |
| !

UUIDNumToString

¥R —/ FixedString(16) £ EHYE , R EEIMAIStringRILAZ R,
UUIDNumToString(FixedString(16))

R[O1E

String.

ERATRG

SELECT
'al<@];!~p{jTj={)' AS bytes,
UUIDNumToString(toFixedString(bytes, 16)) AS uuid

—bytes —uuid
| a/<@];!~p{iTi={) | 612f3c40-5d3b-217e-707b-6a546a3d7b29 |
L |

AHEBH

o dictGetUUID

URLER %K

FTRXLEINREENEERFC, ElMRAEERLARS ML,

URL & ERER £5
SIRURLFRBEH NIRRT NIROIZEF &,
protocol

IREIURLAYINY, 540 : http. ftp. mailto, magnet...
domain

RENE A,

domainWithoutWWW

R @R A MRS — > www. ',

topLevelDomain

RETRRIH B, FI50 : ru,

firstSignificantSubdomain



RE“FB—NMNERFIEHER, IHAZR—MOERS , (XA FYandex.Metrica, INIRTNFKIHE Jo‘com’ , ‘net’ , ‘org’sk

B OOME-NEBRFHEBA_RIFE, BMNNREI=FIFHZ, FE0, irstSignificantSubdomain
(‘https://news.yandex.ru/')="yandex ", firstSignificantSubdomain (‘https://news.yandex.com.tr/') ="yandex', —LESL
WA TTERKEIRERIEITIRE.

cutToFirstSignificantSubdomain

REIBEMAIFHZSFE—NMENFEBZENAE (BEHLANRE) .

5190 , cutToFirstSignificantSubdomain(https://news.yandex.com.tr/) = 'yandex.com.tr' .

path

IREURLEETZ, I8N : ftop/news.html , AEIZERKSEL,

pathFull

5tEMERE , BaEiERESFfragment, 190 : /top/news.html?page=2#comments
queryString

REEKRSE, Bl : page=1&Ir=213, BEXRESHNREERISELE# U # ZBFFIBENAR,
fragment

IR[EURLMfragmentifil, fragmentRES#,

queryStringAndFragment

IRENE RS K Ffragmentiiid, B0 : page=1#29390,

extractURLParameter(URL, name)

REURLIERSHH R A name' IS, MRAFEMNRE—NEFFH, MREFESNMLETINIREE—MELEL,
LR BBRIRS R RS SREREUrIRIRIBHE VAR,

extractURLParameters(URL)

RE—NRE , ERBAname=valuef)FfF R A VR EIUrBIFTBIE RS, NUMEFRIRBEITERNAR,
extractURLParameterNames(URL)

RO -, ERESurfIMEERSENET, FAMEFARDEETENAE.

URLHierarchy(URL)

RE—MNEE , ERESU/IENURLMFIERR. ? HRESEURLEBZURIBERSEHR. ELNSENFSHICH—
/N

(Y

URLPathHierarchy(URL)

5 tmERE , BERABEEHiNFIhostEl7, /element(root) NEETERN, 1ZEEE FEYandex.MetricAsSLI S HURLEY
PR EER,

URLPathHierarchy('https://example.com/browse/CONV-6788'") =
[

‘/browse/",
'/browse/CONV-6788'
]

decodeURLComponent(URL)


https://news.yandex.ru/
https://news.yandex.com.tr/

RMEE Z#FBHIURL, 140

SELECT decodeURLComponent(‘http://127.0.0.1:8123/?query=SELECT%201%3B') AS DecodedURL;

r—DecodedURL 1
| http://127.0.0.1:8123/?query=SELECT 1; |
|

BFRURLHRIER ST AR
NRURLAANELZIEERIER S , MURLAZE,
cutWww

HIBRFF I8 A9 — N www. ',
cutQueryString

MIFRIERSEL, [0S TR MR,
cutFragment

ifRfragmenttrif, #EHF LS MER,
cutQueryStringAndFragment
BRIERSEHIA R fragmentiRiR, [0S AR # B2 MR,
cutURLParameter(URL, name)

HIFRURLAR R 550 name’ (IS8, tHRBIRIRS BB URSHIELZ T URLIBERIZRE,

|PERI 2]

IPv4NumToString(num)

B —MUINt32 ( Kif ) "ARMIPvARItE |, IREMEMNIPVANZERF BRI |, 8N AWAB.C.D (LA=RS B8yt HIEK
F)o

IPv4StringToNum(s)

51PvANumToStringtRi#itE /., NRIPvAHEAE T XL , MR EI0,

IPv4NumToStringClassC(num)
51Pv4NumToStringZ&{il , (BERxxxEmE— N F1,
Ml

SELECT
IPv4NumToStringClassC(ClientIP) AS k,
count() AS ¢

FROM test.hits

GROUP BY k

ORDER BY c DESC

LIMIT 10



—k | ¢
| 83.149.9.xxx | 26238 |

| 217.118.81.xxx | 26074 |
| 213.87.129.xxx | 25481 |
| 83.149.8.xxx | 24984 |

| 217.118.83.xxx | 22797 |
| 78.25.120.xxx | 22354 |
| 213.87.131.xxx | 21285 |
| 78.25.121.xxx | 20887 |
| 188.162.65.xxx | 19694 |
| 83.149.48.xxx | 17406 |
| |

BT ER X' BAIEN , B RATESER, BITRIERZMMULER,
IPv6NumToString(x)

¥ FixedString(16)K2U A Tt IR IURYIPvEttiE, AR AHE VIR E LAY FFER, IPVOBRETHYIPvA Lt
BA::ffff:111.222.33, 140 :

SELECT IPv6NumToString(toFixedString(unhex('2A0206B8000000000000000000000011"), 16)) AS addr

—add——————
| 2a02:6b8::11 |
|

SELECT
IPv6NumToString(ClientIP6 AS k),
count() ASc
FROM hits_all
WHERE EventDate = today() AND substring(ClientIP6, 1, 12) |= unhex('00000000000000000000FFFF')
GROUP BY k
ORDER BY c DESC

LIMIT 10

—IPv6NumToString(ClientlP6) T €t
| 2202:2168:aaa:bbbb::2 | 24695 |

| 2202:2698:abcd:abcd:abed:abed:8888:5555 | 22408 |

| 2202:6b8:0:ff:ff | 16389 |

| 2201:418:111:6666::2 | 16016 |

| 2202:2168:888:222::1 | 15896 |

| 2a01:7e00::ffff:ffff:ffff:222 | 14774 |

| 2202:8109:ece:ce:ecee ceeecece:ceee | 14443 |
| 2a02:810h:8888:888:8888:8888:8888:8888 | 14345 |
| 2a02:608:0:444:4444:4444:4444:4444 | 14279 |

| 2a01:7e00::ffff:fff:fff:fff | 13880 |

L

SELECT
IPv6NumToString(ClientIP6 AS k),
count() ASc

FROM hits_all

WHERE EventDate = today()

GROUP BY k

ORDER BY c DESC

LIMIT 10



—IPv6NumToString(ClientIP6)———c—

| ffff:94.26.111.111 | 747440 |
| ::ffff:37.143.222.4 | 529483 |
| :ffff:5.166.111.99 | 317707 |
| ::ffff:46.38.11.77 | 263086 |

| =ffff:79.105.111.111 | 186611 |
| :ffff:93.92.111.88 | 176773 |

| :ffff:84.53.111.33 | 158709 |

| fff:217.118.11.22 | 154004 |
| =ffff:217.118.11.33 | 148449 |
| «fff:217.118.11.44 | 148243 |
|

IPv6StringToNum(s)

51Pv6NumToStringfIi8&k, SNRIPvOIUHE NN , MIREIZEFHEMHR, TG AR XEME/NE/,

IPv4TolPv6(x)
BZ—1UINt322E81IPvatttiE | iR [BIFixedString(16)2EBLAYIPveithE, 140 :

SELECT IPv6NumToString(IPv4TolPv6(IPv4StringToNum('192.168.0.1'))) AS addr

r—addr ]

| :ffff:192.168.0.1 |
L |

cutlPv6(x, bitsToCutForlIPv6, bitsToCutForlPv4)

=R — /1 FixedString(16)Z£ B4 HyIPveititt |, 3R[E]—NString , iXNStringELE T MIBRIEE AL 2 BRI U ST AR R,
i

WITH
IPv6StringToNum('2001:0DB8:AC10:FE01:FEED:BABE:CAFE:F0O0D') AS ipv6,
IPv4TolPv6(IPv4StringToNum('192.168.0.1")) AS ipv4
SELECT
cutlPv6(ipve6, 2, 0),
cutlPv6(ipv4, 0, 2)

r—cutlPv6(ipve, 2, 0) r—cutlPv6(ipv4, 0, 2)—
| 2001:db8:ac10:fe01:feed:babe:cafe:0 | ::ffff:192.168.0.0 |
| !

IPv4CIDRToRange(ipv4, cidr),
B —NPvAtHE A Bz —MUINt8ZEEUAICIDR, IREIEE FMRKSEENRRSTEE N TTH,

SELECT IPv4CIDRToRange(tolPv4('192.168.5.2'), 16)

—IPv4CIDRToRange(tolPv4('192.168.5.2"), 16)—

| (192.168.0.0',192.168.255.255)) |
|

IPv6CIDRToRange(ipvé, cidr),

EZ—MPvettiit AR — M UINt8ZEEIFCIDR, REEEFMRNEEU KRS EERITA.,



SELECT IPv6CIDRToRange(tolPv6('2001:0db8:0000:85a3:0000:0000:ac1:8001"), 32);

—IPv6CIDRToRange(tolPv6('2001:0db8:0000:85a3:0000:0000:ac1f:8001"), 32)—
| (2001:db8::','2001 :db8:ffif:ffff:ffif:ffff:ffff:ffff") |
| |

tolPv4(string)

IPv4StringToNum() B9518 , EXRFRER R MIPvAIIEFIRE]IPvAKRIANE | iZ—#EI{EZE T IPv4StringToNum() iR [E]H
=R

WITH
'171.225.130.45' as IPv4_string

SELECT
toTypeName(IPv4StringToNum(IPv4._string)),
toTypeName(tolPv4(IPv4_string))

—toTypeName(IPv4StringToNum(IPv4_string))—r—toTypeName(tolPv4(IPv4_string))—

| Ulnt32 | IPv4
| l |
WITH
'171.225.130.45' as IPv4_string
SELECT

hex(IPv4StringToNum(IPv4_string)),
hex(tolPv4(IPv4_string))

r—hex(IPv4StringToNum(IPv4_string))——hex(tolPv4(IPv4_string))—
| ABE1822D | ABE1822D
L 1

tolPv6(string)

IPv6StringToNum() B934 , EXAZAF R RRIPveitttt FiR [EIPv6ERIFME |, 2 #EIEZE T IPv6eStringToNum() IR [EH
&,

WITH
'2001:438:ffff::407d:1bc1' as IPv6_string
SELECT
toTypeName(IPv6StringToNum(IPv6_string)),
toTypeName(tolPv6(IPv6_string))

r—toTypeName(IPv6StringToNum(IPv6_string))——toTypeName(tolPv6(IPv6_string))—

| FixedString(16) | IPv6 |
L I ]
WITH
'2001:438:ffff::407d:1bc1' as IPv6_string
SELECT

hex(IPv6StringToNum(IPv6_string)),
hex(tolPv6(IPv6_string))

r—hex(IPv6StringToNum(IPv6_string))——hex(tolPv6(IPv6_string))———
| 20010438FFFF000000000000407D1BC1 | 20010438FFFF000000000000407D1BCH |
l |




JSONEREX

f£Yandex.Metricad? , AP {ERISONIEAIGRIZE, 7T AEXLEISON , SEH T — &L, (REERSAIER
T, JSONZFFCHITEINEIER) , FRERERERIRNITIF, ) FIBNXLERKEETT 7 RATEENERIR, UERLREEDS
RUIRBIFERL TAF,

FATIHISONFB M T U FRIR -

1. FERBM (RENSH) v IERE.

2. FEREMOIERIEHIIRmIG, FIU0 : visitbaramHas({"abc":"def"}', 'abc) =1 , B2
visitParamHas('{"\\u0061\\u0062\\u0063":"def"}', 'abc') = 0

3. RBFIUMERE S BREGH TERFER. IRFESMLEFER , WiROE—PMLEFE,
4. JSONFRF RN BINFESIEFN.

visitParamHas(params, name)

KWEEBEFE name” EFIVFER

visitParamExtractUInt(params, name)

BB R name”MFERAVEMTRUINGGA, MRZXZR—NFHHEFE , BB XN FHBENF LB —MF. MRZF
BT , ALENERBITEIEF |, MREO,

visitParamExtractint(params, name)

SvisitParamExtractUInt48[E , B3R [EInt64,

visitParamExtractFloat(params, name)

SvisitParamExtractUInt#8[E , B3R [@Float64,

visitParamExtractBool(params, name)

fiRtfrtrue/falsefs, H4EEREZUINt8ZEAIAY,

visitParamExtractRaw(params, name)
REIFEEAE , BETHEA,
)
visitParamExtractRaw({"abc":"\n\u0000"}', ‘abc’) = "\n\\u0000™
visitParamExtractRaw({"abc":{"def":[1,2,3]}}', 'abc’) = {"def"[1,2,3]}
visitParamExtractString(params, name)
ERANE I SHAFAHR, XMIIEHITEN, IREXEW , ERRE-IMZEEFHER,

w1



visitParamExtractString({"abc":"\\n\\u0000"}', 'abc') = "\n\0'
visitParamExtractString('{"abc":"\u263a"}', 'abc') ='©"

visitParamExtractString('{"abc":"\u263"}', 'abc') =
visitParamExtractString('{"abc":"hello}', 'abc') =

BRIARSZF \uXXXX\YYYY XEFFFRED | XLERBAERRS XM EER (ENHKIELHCESU-8MARUTF-8) ,
U TFEEETFsimdjson , T HEE ZMISONETERMIZIT, B LR FRig2{AEA,

JSONHas(json[, indices_or_keys]...)
WMRISONPEFEZE , MR
MRZEREFE , MR

N

select JSONHas({"a": "hello”, "b": [-100, 200.0, 300]}', 'b') = 1
select JSONHas({"a": "hello”, "b": [-100, 200.0, 300]}", 'b', 4) =

indices_or_keys BJARF NS MBHMIR , BNISHAIURFFHNEBEK

o

o String = XY R BB ISONIT R AL R,
o IEBE = NKFFIRLEIEN DAL /PL R B,
o B = ARELRIENLR/LRB.

FRET LA FAEE R 175 (8] ISON K 4B FNISONIT R,

fan -
select JSONExtractKey('{"a": "hello", "b": [-100, 200.0, 300]}', 1) ='a'
select JSONExtractKey('{"a": "hello", "b": [-100, 200.0, 300]}', 2) = 'b'
select JSONExtractKey('{"a": "hello", "b": [-100, 200.0, 300]}', - ) ='b'
select JSONExtractKey('{"a": "hello", "b": [-100, 200.0, 300]}', -2) = 'a’
select JSONEXxtractString('{"a": "hello", "b": [-100, 200.0, 300]}', 1) = 'hello’

JSONLength(json[, indices_or_keys]...)
iR[EJSON# AL ISONITR MK E,

MR ZERFESEIER , R

NN

select JSONLength('{"a": "hello", "b": [-100, 200.0, 300]}', b)
select JSONLength('{"a": "hello", "b": [-100, 200.0, 300]}') =

JSONType(json[, indices_or_keys]...)
iR[EJSON{ERY AL,
MRIZERFE , FIRE Nul,

N


https://github.com/lemire/simdjson

select JSONType({"a": "hello", "b": [-100, 200.0, 300]}') = 'Object
select JSONType('{"a": "hello”, "b": [-100, 200.0, 300]}', 'a') = 'String’
select JSONType({"a": "hello", "b": [-100, 200.0, 300]}', 'b') = 'Array’

JSONExtractUInt(json[, indices_or_keys]...)
JSONExtractint(json[, indices_or_keys]...)
JSONEXxtractFloat(json[, indices_or_keys]...)

JSONEXxtractBool(json[, indices_or_keys]...)
FENTISONFHREUE, XL EMUT visitParam* EIE,
MR ERFESEEER , FRE 0,

N E

select JSONExtractInt('{"a": "hello", "b": [-100, 200.0, 300]}', 'b', 1) = -100
select JSONExtractFloat('{"a": "hello", "b": [-100, 200.0, 300]}', 'b', 2) = 200.0
select JSONExtractUInt('{"a": "hello", "b": [-100, 200.0, 300]}', 'b', -1) = 300

JSONEXxtractString(json[, indices_or_keys]...)
FEITISONFHRENF TR, IR T visitParamExtractString BRI,
MRZENFENERER , MREZFHFE,

ZEREN, WNRunescapingkM , MERE—MNEFFE,

Nl

select JSONExtractString('{"a": "hello", "b": [-100, 200.0, 300]}', 'a') = 'hello’
select JSONExtractString('{"abc":"\\n\\u0000"}', 'abc') = \n\0'

select JSONEXxtractString('{"abc":"\u263a"}', 'abc') = '©'

select JSONEXxtractString('{"abc":"\u263"}', 'abc’) ="

select JSONEXxtractString('{"abc":"hello}', 'abc') ="

JSONEXxtract(json[, indices_or_keys...], return_type)
fEMTISONFHIREVLA TE ClickHouse 3B X BUH(E,

X 2 BABIAY JSONEXxtract<type>ERE I IS,
XEkE JSONEXxtract(..., 'String') i&[E5 JSONExtractString() i&E= 2@, JSONEXxtract(..., 'Floaté64') iz [E
F JSONExtractFloat() iR [E 72248 [E,

A



SELECT JSONExtract({"a": "hello", "b": [-100, 200.0, 300]}', ‘Tuple(String, Array(Float64))') = (‘hello',[-100,200,300])
SELECT JSONExtract({"a": "hello", "b": [-100, 200.0, 300]}', 'Tuple(b Array(Float64), a String)') = ([-100,200,300],'hello")
SELECT JSONExtract('{"a": heIIo", "b": [-100, 200.0, 300]}', 'b', 'Array(Nullable(Int8))") = [-100, NULL, NULL]

SELECT JSONExtract({"a": "hello", "b": [-100, 200.0, 300]}', 'b', 4, 'Nullable(Int64)") = NULL

SELECT JSONExtract('{" passed true}', 'passed’, 'UInt8') = 1

SELECT JSONExtract('{"day": "Thursday"}', 'day', 'Enum8(\'Sunday\' = 0, \'Monday\' = 1, \'Tuesday\' = 2, 'Wednesday\' = 3, \'Thursday\' = 4,
\'Friday\' = 5, \'Saturday\' = 6)') = 'Thursday'
SELECT JSONExtract('{"day": 5}, 'day', 'Enum8(\'Sunday\' = 0, \'Monday\' = 1, \'Tuesday\' = 2, \'Wednesday\' = 3, \'Thursday\' = 4, \'Friday\' = 5,
\'Saturday\' = 6)') = 'Friday"

JSONExtractKeysAndValues(json[, indices_or_keys...], value_type)

MISONHEITHMEN , HP{ERLTERIClickHouse# AR,

N

SELECT JSONExtractKeysAndValues({"x": {"a": 5, "b": 7, "c": 11}}', ', 'Int8) = [(‘a’,5),(b',7),('c’,11)];

JSONExtractRaw(json[, indices_or_keys]...)
iR[EJSON#IER 5>

NRBHAFELLEER , BRAZFHER,
o

select JSONExtractRaw('{"a": "hello", "b": [-100, 200.0, 300]}', 'b") = '[-100, 200.0, 300]'

= EREN
IZE R, lambda(params, expr) BR1%L

AT #iA—MambdaiR B AREBLEMSMEL, FRNEMBE—MEASH , EFJUR— MRS MIRFTAA
ALEYTTAE. BIKBIEMR—MREAR , X NRADN A UERF NS RIRPEEF — MRIRTFRRAEM— 1B,

Rl x -> 2 * x, str -> str I= Referer.
SME R EEES lambdaE BE A E S,

SMEBERTUIEZ S NS HMNlambdaBBERAESE , EXMERT , EMBREERNEELNMKERSFEAE ,
BRI E B LA lambdas iy,

IR T 'arrayMap'F'arrayFilter' LASMYFT B E R , ERR]LARRZE — NS (lambdatg$l ) . TEXFMERT , BiIANREE
HITEXS,

arrayMap(func, arr1, ...)

Barr E M func' BE R RN AR F X SRR O E arr S4B IE N TE, Returns an array obtained from the
original application of the 'func' function to each elementin the 'arr' array.

arrayFilter(func, arr1, ...)
Returns an array containing only the elements in 'arr1' for which 'func' returns something other than 0.

A~

SELECT arrayFilter(x -> x LIKE '%World%', ['Hello', ‘abc World']) AS res



—res———
| [abc World1 |
|

SELECT
arrayFilter(
(i, x) -> x LIKE '%World%',
arrayEnumerate(arr),
['Hello', "abc World] AS arr)
AS res

—res—

| [2] |
L 1

arrayCount(Ifunc,] arr1, ...)

RE#HarrRIEFTTRINE , MREE T func’ , M@ func ANIREHEMRE TERE NIEFTER.
arrayExists([func,] arr1,...)

REFE arr PREFEIFFTLE  NIREE T func’ , MEAfuncREEME TREREBNETLE.
arrayAll(Ifunc,] arr1,...)

REIAE arr PREFEATNTER , MIREE T func’ , MEAfuncFREEME TERBNETE.
arraySum([func,] arr1,...)

TTEarrBBREF , NRIEE 7 func’ , BT func’ AR EME T E £ 4ERY S,

arrayFirst(func, arr1, ...)

REIMERE - PMLEMNTER  RER func RERBERTR  ERIKAIE—MLENTE.
arrayFirstindex(func, arr1,...)

IREIFERE - MLRITREN TIRES| , REEA func LEEFMBTE | EEIHEIFE - ML TE,
arrayCumSum([func,] arr1,...)

IR[EFELEER 7 BURRIEF , SNRIETE T func BBEL , MIEA func FIREMETTE S,

ENR

SELECT arrayCumSum([1, 1, 1, 1]) AS res

—res—
| [1,2,3,4] |
L

arrayCumSumNonNegative(arr)

SarrayCumSumig[E , iR BRELBER 2 BURHEH, AEFarrayCumSum , HiREMEBS/NFENER , ZEBBRAIE
Bt EERTHEITE, B :

SELECT arrayCumSumNonNegative([1, 1, -4, 1]) AS res



—res——
| [1,2,0,1] |
L 1

arraySort([func,] arr1,...)
REFAFEHEF arrt FILER, TNRIEE T func BE , MHEEFIRFEH func WERIRTE,
SchwartzianZ i B T REHIFNE,

ANl

SELECT arraySort((x, y) -> y, ['hello', 'world'], [2, 1]);

—res ]
| ['world, helloT] |
L

BE/EE , NULLFINaN7ER/E (NaNTENULLZEI ) . 4R :

SELECT arraySort([1, nan, 2, NULL, 3, nan, 4, NULL])

r—arraySort([1, nan, 2, NULL, 3, nan, 4, NULL])—
| [1,2,3,4,nan,nan,NULL,NULL] |
|

arrayReverseSort({[func,] arr1,...)
IREIFEFHEF arr BIEER, WRIBE T func BEN , MHEFIRE A func FILERIRTE,

B/EE , NULLFINaN7TER S (NaNTENULLZ AT ) . 40 :

SELECT arrayReverseSort([1, nan, 2, NULL, 3, nan, 4, NULL])

r—arrayReverseSort([1, nan, 2, NULL, 3, nan, 4, NULL])—
| [4,3,2,1,nan,nan,NULL,NULL] |
1

FHLRRIEY

BXRERMEEIMBABRNER , BSHREREHE,

dictGetUInt8, dictGetUInt16, dictGetUInt32, dictGetUInt64
dictGetInt8, dictGetInt16, dictGetInt32, dictGetInt64
dictGetFloat32, dictGetFloat64

dictGetDate, dictGetDateTime

dictGetUUID


https://en.wikipedia.org/wiki/Schwartzian_transform

dictGetString
dictGetT('dict_name', 'attr_name', id)
o {EH'id'{@IKENdict_nameF Bl Rattr_name/EMERI{E, dict_name F attr_name R FEF M H. id W RUINt64, TNRF
BIRRSH id # , WIR 07 EiR AR E AIENIAME.
dictGetTOrDefault
dictGetTOrDefault('dict_name', 'attr_name', id, default)

5 dictGetT i8R , ERINMERBRBNRE— NS,

dictlsIn
dictlsIn ('dict_name', child_id, ancestor_id)

o YF'dict_name'REFH , E'child_id'$#2 BT 'ancestor_id'A ( B ILEZ'ancestor_id' ) , iR[EUINtS,

dictGetHierarchy
dictGetHierarchy('dict_name', id)

o YWF'dict_name'REFH , IREIN'id' FIaFIER TR BB LI FHE I, REIArray (UInt64 )

dictHas
dictHas('dict_name', id)

- MEFHRELHFEREN d, WRAFE , MREOMREFE , MREN1,

Functions for working with Yandex.Metrica dictionaries

In order for the functions below to work, the server config must specify the paths and addresses for getting all the
Yandex.Metrica dictionaries. The dictionaries are loaded at the first call of any of these functions. If the reference lists
can't be loaded, an exception is thrown.

For information about creating reference lists, see the section "Dictionaries".

Multiple geobases

ClickHouse supports working with multiple alternative geobases (regional hierarchies) simultaneously, in order to
support various perspectives on which countries certain regions belong to.

The 'clickhouse-server' config specifies the file with the regional

hierarchy:: <path_to_regions_hierarchy_file>/opt/geo/regions_hierarchy.txt</path_to_regions_hierarchy_file>

Besides this file, it also searches for files nearby that have the _symbol and any suffix appended to the name (before the
file extension). For example, it will also find the file /opt/geo/regions_hierarchy_ua.txt , if present.

ua is called the dictionary key. For a dictionary without a suffix, the key is an empty string.

All the dictionaries are re-loaded in runtime (once every certain number of seconds, as defined in the
builtin_dictionaries_reload_interval config parameter, or once an hour by default). However, the list of available
dictionaries is defined one time, when the server starts.



All functions for working with regions have an optional argument at the end - the dictionary key. It is referred to as the
geobase. Example:

regionToCountry(RegionID) — Uses the default dictionary: /opt/geo/regions_hierarchy.txt
regionToCountry(RegionID, ") — Uses the default dictionary: /opt/geo/regions_hierarchy.txt
regionToCountry(RegionID, 'ua’) — Uses the dictionary for the 'ua' key: /opt/geo/regions_hierarchy ua.txt

regionToCity(id[, geobase])

Accepts a UInt32 number - the region ID from the Yandex geobase. If this region is a city or part of a city, it returns the
region ID for the appropriate city. Otherwise, returns 0.

regionToArea(id[, geobase])

Converts aregion to an area (type 5 in the geobase). In every other way, this function is the same as 'regionToCity".

SELECT DISTINCT regionToName(regionToArea(toUInt32(number), 'ua’))
FROM system.numbers
LIMIT 15

r—regionToName(regionToArea(toUInt32(number), \'ua\'))—
| |

| Moscow and Moscow region |
| St. Petersburg and Leningrad region |
| Belgorod region |

| Ivanovsk region |

| Kaluga region |

| Kostroma region |

| Kursk region |

| Lipetsk region |

| Orlov region |

| Ryazan region |

| Smolensk region |

| Tambov region |

| Tver region |

|I Tula region |

regionToDistrict(id[, geobase])

Converts a region to a federal district (type 4 in the geobase). In every other way, this function is the same as
'regionToCity'.

SELECT DISTINCT regionToName(regionToDistrict(toUInt32(number), 'ua’))
FROM system.numbers
LIMIT 15



r—regionToName(regionToDistrict(toUInt32(number), \'ua\'))—
| |

| Central federal district |

| Northwest federal district |

| South federal district |

| North Caucases federal district |
| Privolga federal district |

| Ural federal district |

| Siberian federal district |

| Far East federal district |

| Scotland |

| Faroe Islands |

| Flemish region |

| Brussels capital region |

| Wallonia |

| Federation of Bosnia and Herzegovina |
|

regionToCountry(id[, geobase])

Converts aregion to a country. In every other way, this function is the same as 'regionToCity'. Example:
regionToCountry(toUInt32(213)) = 225 converts Moscow (213) to Russia (225).

regionToContinent(id[, geobase])

Converts aregion to a continent. In every other way, this function is the same as 'regionToCity'. Example:
regionToContinent(toUInt32(213)) = 10001 converts Moscow (213) to Eurasia (10001).

regionToPopulation(id[, geobase])

Gets the population for a region. The population can be recorded in files with the geobase. See the section "External
dictionaries". If the population is not recorded for the region, it returns 0. In the Yandex geobase, the population might
be recorded for child regions, but not for parent regions.

regionin(lhs, rhs|, geobase])

Checks whether a 'lhs' region belongs to a 'rhs' region. Returns a UInt8 number equal to 1 if it belongs, or 0 if it doesn't
belong. The relationship is reflexive — any region also belongs to itself.

regionHierarchy(id[, geobase])

Accepts a UInt32 number - the region ID from the Yandex geobase. Returns an array of region IDs consisting of the
passed region and all parents along the chain. Example: regionHierarchy(toUInt32(213)) = [213,1,3,225,10001,10000] .

regionToName(id[, lang])

Accepts a UInt32 number - the region ID from the Yandex geobase. A string with the name of the language can be
passed as a second argument. Supported languages are: ru, en, ua, uk, by, kz, tr. If the second argument is omitted, the
language 'ru' is used. If the language is not supported, an exception is thrown. Returns a string - the name of the region
in the corresponding language. If the region with the specified ID doesn't exist, an empty string is returned.

ua and uk both mean Ukrainian.

INIZ EFHE K R EK
in, notln, globalln, globalNotIn

BEHIN ZEFFERS,

tuple(x, y, ...), operator (x, v, ...)



RHATFNSANTHITHE WFEBEET, B3, EREESXLETIMTAE (T1, T2, ..) . WITZRZEE
IR A, rziﬂa_%ﬁm’EIN:_%if&’E’JEPlEﬂ*WE _SZFH?@JLIambda SRS TIER mséH?r\ EEAZR.
tupleElement(tuple, n), operator x.N

RBATATARIRET, 'N'ZFRS| , MAHE. NOAREEEBRER , AEAKRTFTANKN, RITZRBLEE
(E12%:

arrayJoini&| %4
— M ERERNEY,

RPARENERENTH , MARTHTEEBTPIE (map) . RERBFSITELHED—1TH (foldskreduce ) ,
arrayJom RHBFRIE —1THREMTRAZIZ1T (unfold)

LEERBUSEBIE BRI, AR RITHEERETEFNRATE MY, R THALRBTIFIEZSN , ERBEHITIHEIFT
BEERBERAENIAE.

EEEAFERZ A arrayJoin BRI, EXMERT , BIRENITS IR,
BEFESELECTEIRPAIARRAY JOINIEE |, BIRETEZHITT8EME,
A

SELECT arrayJoin([1, 2, 3] AS src) AS dst, 'Hello', src

r—dst——\'Hello\'——src ]
| 1] Hello |[1,23]]|
| 2| Hello |[1,23]]|

| 3| Hello |[1,23]]
| | |

GEOBR %4

greatCircleDistance

{Egreat-circle distance/ A it E MK RE F s Z [B]FVEE ES,

greatCircleDistance(lon1Deg, lat1Deg, lon2Deg, lat2Deg)

BASR

o loniDeg —HB—IMRIRE , Bfi : E , SEE : [-180°,180°],
o latiDeg —H—IMRMGE , Bfi : B, SBE : [-90°,90°],
o lon2Deg —HEZANRMEE , 247 : E , SEE : [-180°,180°],

o lat2Deg —HEZANRMGE , B : B, SBE : [-90°,90°],
EEMMIESGHERE , AENNEEIRAE,
REME
HIKREM R R ZBIRIEE , AR AR
HMASREBHMNEMTEMNFNERE,


https://en.wikipedia.org/wiki/Great-circle_distance

=l

SELECT greatCircleDistance(55.755831, 37.617673, -55.755831, -37.617673)

r—greatCircleDistance(55.755831, 37.617673, -55.755831, -37.617673)—

| 14132374.194975413 |
L

pointinEllipses
REEENRREELESE—MEEMHER,
pointInEllipses(x, y, Xo, Yo, o, bo,...,Xn, yn, @n, bn)

BASR

o xy —FEHERENSHIALLF,
o i, yi — SBIMHBERIFIDATE,
o a, b — FHiINMEEIRH , B K,

MASBIANUTR 2+4n , EF n ZHENHKE.
REME
RzZRELEEE—MEES , MWRE 1 BN, WiRE 0,

Nl

SELECT pointinEllipses(55.755831, 37.617673, 55.755831, 37.617673, 1.0, 2.0)

r—pointinEllipses(55.755831, 37.617673, 55.755831, 37.617673, 1., 2.)—

I 1]

|

pointinPolygon
KERENRRRESERENS BT,

pointinPolygon((x, y), [(a, b), (c, d) ...], ...)

o (xy) —FEEENSKEVLIR, TuplelkE , BHLIRMIH AT,

e [(ab), (c,d)..] —ZAFMMR, ArrayE, SNTRE—IT4ER (2, b) "R, TR F] CARRIREY HEERHHEE, =
M BNIZKTFEFT3, FERAREEEEN,

o ZRBEZIFHRENZILN (IRHBD ) . IRFZE | FIUEARRNEMSHE XEZRBRIIZ8H, (The
function does not support non-simply-connected polygons.)

REE

MRUFRFEEZSORSEER , WiRE 1, FMRE 0, MRLIRITZSAMMARE , WiZRHETEERE 1, SKATEE
Mo,

BN



SELECT pointinPolygon((3., 3.), [(6, 0), (8, 4), (5, 8), (0, 2)]) AS res

geohashEncode

B2 EFLE RIS Jageohash-string , 313 ( http://geohash.org/,https://en.wikipedia.org/wiki/Geohash ) ,
geohashEncode(longitude, latitude, [precision])

BWAE

» longitude - E4RBHIMIRINZEER D, EENE [-180° , 180°] SEEIAN
o latitude - EERIGHIALITRILSEERST. EIENTE [-90° , 90°] SEEIA

o precision - FJiE , & R§HIgeohash-stringfIKE , BikA 12, BUESEER [1,12] . ERNF 1 SKRTF 12 BEESEIA
Himi2,

REE
o WIRRIBHFITER (fERbase324mMBANENMRAE ) .
BNl

SELECT geohashEncode(-5.60302734375, 42.593994140625, 0) AS res

—res—————
| 62s42d000000 |
L

geohashDecode
1 1EfilgeohashmIBRIF 7 R AFFD AR EFSE,
BWAE
o encoded string - geohash4RFBAYFEHF 8.
RE1E
o (longitude, latitude) - ZE L ERY Floate4 {ERI2TTE,

Pl

SELECT geohashDecode('ezs42') AS res

,—I'GS ]
| (-5.60302734375,42.60498046875) |
L |

Nullable&bIE K 24

isNull



KESRRERINULL,

isNull(x)
g

o x —— N EESHIELEMNE
RENE

o 1 YN8 x Jg NULL,
e 0 YN x A~J NULL,

N
FHEUTATIR
|1—><—|—| | Y/

1 NULL
2] 3]
WHHITEIR

2) SELECT x FROM t_null WHERE isNull(y)

SELECT x
FROM t_null
WHERE isNull(y)

1 rows in set. Elapsed: 0.010 sec.

isNotNull

RESHELAR A NULL

isNotNull(x)

S8

o x —— M EEERIELIMIE,
REME

e 0 YNR x 7 NULL,

o 1 R xARJNULL,
Bl

FEUTRBENER

e E—
| 1 | NULL |
2] 3|



S EEITER

:) SELECT x FROM t_null WHERE isNotNull(y)

SELECT x
FROM t_null
WHERE isNotNull(y)

2
| 2]
L

1 rows in set. Elapsed: 0.010 sec.

coalesce

KENEZHAREEE T NULL"SHHREIE—1E NULL B8,

coalesce(x,...)

o EABENIFESLENSE, MESHRUNERIELRHRE,
RE1E

o E—/ME'NULL 8%,

o NULL , SIRFTBESHER'NULL
=l
EEFIUEESHBRAZ PHAXMBERATIR,

r—hame —mail——phone —icq—
| client1 | Nt | 123-45-67 | 123 |

| client 2 | NULL | NULL | NULL |
| |

mail 1 phone FFE&REStringZE A | B icq FE&R UInt32 , FILAEEZEE 4% 7 String ,

MR ATIRPIREEFHIE -] RERR A

:) SELECT coalesce(mail, phone, CAST(icq,'Nullable(String)')) FROM aBook

SELECT coalesce(mail, phone, CAST(icq, 'Nullable(String)'))
FROM aBook

r—nhame—————coalesce(mail, phone, CAST(icq, 'Nullable(String)'))—
| client1 | 123-45-67 |

| client2 | Nuw |

| l

2 rows in set. Elapsed: 0.006 sec.

ifNull
MBFE—NSENULL” , MiREE - NSHVE,

ifNull(x,alt)



S5

o x —EME“NULL"HE,

o alt —UN8R x J3'NULL" , BREUREIAVE,
R[EE

e Thevalue x,if x isnot NULL .

e Thevalue alt,if x is NULL .
~fl

SELECT ifNull('a’, 'b')

—itNull(‘a’, 'b)—
a2

SELECT ifNull(NULL, 'b')

—ifNUll(NULL, 'b')—
o |

nulllf
WMRSEHAEE |, MER[E NULL ,

nulllf(x, y)

x,y —ATFHENE EIQARLIUREN  SNEHHEFE.
REME

o MNMRSHAEF , M NULL,

o IRSHAEE , WHx &,
5l

SELECT nullif(1, 1)

—nullif(1, 1)—

I NULL |
| |

SELECT nullif(1, 2)

—nullif(1, 2)—
|I 1] |

assumeNotNull

##NullablesSBUHY{EFE R P IE Nullable £EUHYME,



assumeNotNull(x)

2
o x —[RIAAE,
RO{E

o WNR x N NULL , IR[BIFE Nullable ZERYAY[RIR{E,
o WIS x Jg NULL , IR[EIXFAZIE Nullable SERYAYERIA(EL

NG
FEWT tnul &,

SHOW CREATE TABLE t_null

—statement
| CREATE TABLE default.t_null ( x Int8, y Nullable(Int8)) ENGINE = TinyLog |
L

A E—
| 1 | NULL|

2] 3|

%1 y ¥EJ9 assumeNotNull BRIEIEVS %L,

SELECT assumeNotNull(y) FROM t_null

r—assumeNotNull(y)—

| 0|

| 3 |

1 ]

SELECT toTypeName(assumeNotNull(y)) FROM t_null

—toTypeName(assumeNotNull(y))—
| Int8 |

| Int8 |
| |

toNullable
BSERIERIEER S Nullable ,

toNullable(x)

S8 :

o x —{EFIEESEKIME,
RE1E

o BWARME , (EHZEA 9 Nullable ,

=l



SELECT toTypeName(10)

r—toTypeName(10)—

| UInt8 |
| |

SELECT toTypeName(toNullable(10))

r—toTypeName(toNullable(10))—
| Nullable(UInt8) |
|

MIZEF )R
evalMLMethod (prediction)

{ERMNEEVAER P FTNEER evalMLMethod EEY, i5EZ 15 linearRegression FIAYEEIE,

Stochastic Linear Regression

stochasticLinearRegression B & BRE{EF L AR B FIMSEIR K R SLIPENIEE T FEiE. £ evalMLMethod RITUNFTEL3E,

BEFARAIFIERLEA,

Stochastic Logistic Regression

stochasticLogisticRegression & RESLI T T/ X ol BAIFENIEE T FEiE, £ evalMLMethod SRIVNFTEIE, BESRR

BIFLERRLEAL,

H R 28

hostName()

RE—NFAFE , HRESNITIERRNENNRE, WFoAXGE |, IRETERS R ERITIERE , WAFROITTE

AR 53 B2 EVBI R,

basename
ERE— MR FMTIENEFEXAR, LRIBEE BT IERPREIESR,

basename( expr )

g

o expr — {EAI—MREIStringZERIIRIAR, String
REE
—StringZEBNE , HEE

o ERE—NFIIERFMIENFHEEAE,
IRMANFHFREUARTRRBATERE , fIg0 : /e |, BBFRE— P EFFHFEH.
o MRBANFHERRNESFTRRFL , BREABAFHTELS,

BNl



SELECT 'some/long/path/to/file’ AS a, basename(a)

—a —basename('some\\long\\path\\to\\file')—

| some\long\path\tolfile | file |
| |

SELECT 'some\\long\\path\\to\\file' AS a, basename(a)

—a r—basename('some\\long\\path\\to\\file')—

| some\long\path\to\file | file |
| !

SELECT 'some-file-name' AS a, basename(a)

—a r—basename('some-file-name’)—
| some-file-name | some-file-name |
| !

visibleWidth(x)

U AIE (LAFIRF SR ) Mzt 8mLER | iTEaURE, RAERILRBKEIPrettyt&{, Calculates the
approximate width when outputting values to the console in text format (tab-separated). This function is used by the
system for implementing Pretty formats.

NULL is represented as a string corresponding to NULL in Pretty formats.

SELECT visibleWidth(NULL)

—visibleWidth(NULL)—
| 4
L |

toTypeName(x)
BESHIEIBHINFRH S,

WMERIE NULL fE RS HBUEIBLEE L , B84 EIR[E Nullable ( Nothing ) ZEE! , E¥ N FClickHouse P HIAIER NULL ,

blockSize()

SREXBlock#J K/, #EClickHoused , EIR)IRL T{F#Block ( BEFIMIENMES ) L, LRBAVFEIRENEAEIYIREY
K

materialize(x)

B—NEENEN—NIEERT, #EClickHouseH , FFEEINEBIEAFHNRRIAAANE. REXHAWTFEEI
FEEERROBRNGR , BEElNIFEARNTETERNE (RITARNRE) . WEREATIELXMITH,

ignore(...)

BREMFSH, BFENULL, 1]RER BR , RBMNSHRERRTEN, ZRBEIUATEEMNL,

sleep(seconds)



8 Block E{ABE'seconds'#), FTUARBIEE S,

sleepEachRow(seconds)

817 LIKER'seconds'®, AJAREBHNEFRE,

currentDatabase()

REHFIEIRENEM, HEFEEECREATE TABLEFRRSIZSHPIEERIERE | HeICAER LR,

isFinite(x)

¥ ¥ Float328kFloat64L B S , IRSHARinfinite BARENaN , Mik[E1 , FMREO,

isInfinite(x)

¥ % Float328kFloat64 X BIMSE , MNRSHRinfinite , MIRE1 , BMIR[EO, ;FENaN&REO,

isNaN(x)

S Float328Float64£EIpNSE , tNRSEHZENan , MHRE , FMIREO,

hasColumninTable(['hostname'[, 'username'[, 'password']],] 'database’, 'table’, 'column’)

Accepts constant strings: database name, table name, and column name. Returns a UInt8 constant expression equal to
1if thereis a column, otherwise 0. If the hostname parameter is set, the test will run on a remote server. The function
throws an exception if the table does not exist. For elements in a nested data structure, the function checks for the
existence of a column. For the nested data structure itself, the function returns 0.

bar
{E R unicodefEEZR,

bar(x, min, max, width) = x = max B} , &Hl—NEES (x - min) B 1EEE B ETF width FIF 5.

B

58

o x —EETRHRT,
o min,max —EYEE , ZELTR Int64,

o width —EE , sJARIEE /NI,
FRHENESHEERNSHN/N\PZ2—,
il

SELECT
toHour(EventTime) AS h,
count() AS c,
bar(c, 0, 600000, 20) AS bar
FROM test.hits
GROUP BY h
ORDER BY h ASC



G
o
QO
=

—h—
0 | 292907 |
1| 180563 |
2| 114861

3| 85069 |
4| 68543 |
5| 78116
6
7
8
9

| 113474 |
| 170678
| 278380 |
| 391053
0 | 457681 |
1| 493667 |
2| 509641
3 | 522947
4 | 539954
5 | 528460
6 | 539201
7 | 523539
8
9
0
1
2
3

| 506467
| 520915
| 521665
| 542078
| 493642

| 400397 | NEEEEEEENENR

transform

RIBEX , BRLETRERADEMTE, REEHMERSN
1. transform(x, array_from, array_to, default)

x — EFEIRAME,

array_from — FRF AT E 54,

array_to — 1§ ‘from’ RAYEFEIR AR E A,

default - SN 'X REF from REYEREIME , MEKIAGEIRAIE,
array_from Fl array to - {EHERK/NEIEILE,

KALYR:

transform(T, Array(T), Array(U), U) -> U

T #0 U BJBARZString , Date , DateTimeSUfEERELEM, WFHERNFE (THU) , MRBELE , BLAENRTRE
£y , SFZESHREMERER, I, F—MSHRInt64L£E |, FNSHRAray(UInt16)£E,

WR'x'{EETF array_from BEREFH—PTTE |, EEMN array_to'$84ERE — MM TTE ( THRER) . BN, BiR
El'default’; WR'array_from'ILEEE| T 24 E |, MIREE—MLEHTE.

w1

SELECT
transform(SearchEnginelD, [2, 3], ['Yandex', 'Google"], 'Other’) AS title,
count() AS ¢

FROM test.hits

WHERE SearchEnginelD != 0

GROUP BY title

ORDER BY c DESC



—title | c—
| Yandex | 498635 |

| Google | 229872 |

| Other | 104472 |

| 1

1. transform(x, array_from, array_to)

5% —MARETER T default'S8, NR'x'1EEF T array_fromBEBARFI—NITE |, EIGMN array_to' # 40 [BMH R TT
Z (FiEE) . &, BirE'x

HKALR:
transform(T, Array(T), Array(T)) -> T
ANk

SELECT
transform(domain(Referer), ['yandex.ru', 'google.ru’, 'vk.com'], ['www.yandex', 'example.com') AS s,
count() AS ¢

FROM test.hits

GROUP BY domain(Referer)

ORDER BY count() DESC

LIMIT 10

T S
| | 2906259 |

| www.yandex | 867767 |
| ru | 313599 |
| mail.yandex.ru | 107147 |

| ru | 100355 |
|
|
|
|

ru | 65040 |
news.yandex.ru | 64515 |
B e | o141 |

example.com | 57316 |
!

formatReadableSize(x)
BZXN (FETHH) . BREFERES (KB, MiBE ) NERFSH,
iR

SELECT
arrayJoin([1, 1024, 1024*1024, 192851925]) AS filesize_bytes,
formatReadableSize(filesize_bytes) AS filesize

—filesize_bytes——filesize——
| 1]1.00B |
| 1024 | 1.00KiB |
| 1048576 | 1.00 MiB |
| 192851925 | 183.92 MiB |
|

least(a, b)

R EaFM bR HI&R/IME,

greatest(a, b)



iR [@afbiy R KIE,

uptime()

RO RSS IEE B THIR 8K,

version()

timezone()

1R [0 AR S5 22 AT X,

blockNumber

R EfTFERIBlock I RIS,

rowNumberInBlock

RETTARAEBIock FITHIFIIS, HIRREHIBlockIn R EHiTE,

rowNumberInAllBlocks()

RETTAESRETNFIIS, ERBIXNEERZFAMEIBlock,

runningDifference(x)

TERIBERPRBITHEZEANER. WFE—ITRE0, ANBNEEITRESH—1THER.

ERER A REUR T R 22 MAYBlockFIBlock PRV ERIE IR
PAIRIGTUHALE R,

Nl

SELECT
EventID,
EventTime,
runningDifference(EventTime) AS delta
FROM
(
SELECT
EventID,
EventTime
FROM events
WHERE EventDate = '2016-11-24"
ORDER BY EventTime ASC
LIMIT 5

—EventID— EventTime——delta—

| 1106 | 2016-11-24 00:00:04 | O |

| 1107 | 2016-11-24 00:00:05 | 1 |

| 1108 | 2016-11-24 00:00:05 | O |

| 1109 | 2016-11-24 00:00:09 | 4 |

| 1110 | 2016-11-24 00:00:10 | 1 |

L 1 1 |

WNREFAORDER BYEIZFERFNFE ISR IEAZELL , WeT



runningDifferenceStartingWithFirstValue

SrunningDifferencef@ , XBIETFE—1TIREE—1THE , REEBI L

MACNumToString(num)

RES E—{THEE.

BEZ—APUINtGARBIMEE, ISEERE Abig endianfIMACHIHE, RESSHEMMACHINIFRFSE |, 8

AA:BB:CC:DD:EE:FF ( \ES R REMT#FIFRANEF ) .

MACStringToNum(s)

5MACNumToStringf8 R, UEMACHIHHER TR , MIRE0

MACStringToOUI(s)

EZ L HAABB:CC:DD:EE:FF ( TR FIRAME S HMREF ) FIMACHIE,
KEMACHIIEHEINTERY , MIREO,

getSizeOfEnumType

IREIENuMARIIMERE,

getSizeOfEnumType(value)

S8
o value — Enum ZEAIHME,
R[Ol{E

o Enum BIMEEE,
o MRELHAR Enum , MWHEE,

zN |

SELECT getSizeOfEnumType( CAST('a' AS Enum8('a'=1,'b'=2) ) ) AS x

toColumnTypeName

R EFERAMAR I M EHE SR AU R 75,

toColumnTypeName(value)

S8:

o value —fEAIEAIHYE,

RE1E

o —NEFE , HRNE R value FERAMA LRI ZFE,

REFI =N\ FTHERUIN6ARS,

n



toTypeName ' 55 ' toColumnTypeName X FlI7= 15l

;) select toTypeName(cast('2018-01-01 01:02:03' AS DateTime))
SELECT toTypeName(CAST('2018-01-01 01:02:03', 'DateTime'))

—toTypeName(CAST('2018-01-01 01:02:03', 'DateTime'))—
| DateTime |
1

1 rows in set. Elapsed: 0.008 sec.
:) select toColumnTypeName(cast('2018-01-01 01:02:03' AS DateTime))
SELECT toColumnTypeName(CAST('2018-01-01 01:02:03', 'DateTime'"))

r—toColumnTypeName(CAST('2018-01-01 01:02:03', 'DateTime'))—
| Const(UInt32) |
|

%R R 7R DateTime $HEEEE R Const(UInt32) IFETEARTFH.

dumpColumnStructure

WHERAMA R IR S RIVIERIER,
dumpColumnStructure(value)

S5

o value — {EfRIZEAIAY{E.

o —NFEH , HRABR value ERAMARRIEIE MBI 1F AR,

=l

SELECT dumpColumnStructure(CAST('2018-01-01 01:02:03', 'DateTime"))

r—dumpColumnStructure(CAST('2018-01-01 01:02:03', 'DateTime'))—
| DateTime, Const(size = 1, UInt32(size = 1)) |
L

defaultValueOfArgumentType
5 BUR R B ERIAEL

A EERPIRENBEXFIFFIAME.

defaultValueOfArgumentType(expression)

o expression —EEXANENSREZLIENRIAR,

REME



o NullableZEHIR ] Nt

BNl

;) SELECT defaultValueOfArgumentType( CAST(1 AS Int8) )
SELECT defaultValueOfArgumentType(CAST(1, 'Int8'))
—defaultValueOfArgumentType(CAST(1, 'Int8'))—

| 0|
|

1 rows in set. Elapsed: 0.002 sec.
:) SELECT defaultValueOfArgumentType( CAST(1 AS Nullable(Int8) ) )
SELECT defaultValueOfArgumentType(CAST(1, 'Nullable(Int8)'))

r—defaultValueOfArgumentType(CAST(1, 'Nullable(Int8)'))—

| NULL |
|

1 rows in set. Elapsed: 0.002 sec.

indexHint
MENSRIIERTENNMERE  BNAIASHFHRANHITIIR.
HIBEERBNREAXNSHE RS HITE | BClickHousefERS M FMRANHFHITRS TR,
IRE1{E

. 1,
Pl
XE— B &ontimellit BB EAIMINR,

SELECT count() FROM ontime

r—count()—
| 4276457 |
L

1% Z={EA (FlightDate, (Year, FlightDate)) fE %3],
WiZRHFTUWTHIENR :



:) SELECT FlightDate AS k, count() FROM ontime GROUP BY k ORDER BY k

SELECT
FlightDate AS k,
count()

FROM ontime

GROUP BY k

ORDER BY k ASC

—————————k——count()—
| 2017-01-01 | 13970 |

| 2017-01-02 | 15882 |
| 2017-09-28 | 16411 |
| 2017-09-29 | 16384 |
| 2017-09-30 | 12520 |
| 1

273 rows in set. Elapsed: 0.072 sec. Processed 4.28 million rows, 8.55 MB (59.00 million rows/s., 118.01 MB/s.)

EZXNEEHR , BFREFERZRS, FClickHouseF AL IBEE AN RAVPTE #HE( Processed 4.28 million rows ), fEF FERIEI
SINERRSHITER !

:) SELECT FlightDate AS k, count() FROM ontime WHERE k = '2017-09-15' GROUP BY k ORDER BY k

SELECT
FlightDate AS k,
count()
FROM ontime
WHERE k = '2017-09-15'
GROUP BY k
ORDER BY k ASC

,7k—|—count()—|
| 2017-09-15 | 16428 |
L 1

1 rows in set. Elapsed: 0.014 sec. Processed 32.74 thousand rows, 65.49 KB (2.31 million rows/s., 4.63 MB/s.)

ARE—1THERP , BT ZE5|ClickHouseSbIBRYITENBARE FY ( Processed 32.74 thousand rows )

M RIAT k = '2017-09-15' (BB indexHint REY :

:) SELECT FlightDate AS k, count() FROM ontime WHERE indexHint(k = '2017-09-15") GROUP BY k ORDER BY k

SELECT
FlightDate AS k,
count()
FROM ontime
WHERE indexHint(k = '2017-09-15')
GROUP BY k
ORDER BY k ASC

—————k——count()—
| 2017-09-14 | 7071 |

| 2017-09-15 | 16428 |

| 2017-09-16 | 1077 |

| 2017-09-30 | 8167 |

| |

4 rows in set. Elapsed: 0.004 sec. Processed 32.74 thousand rows, 65.49 KB (8.97 million rows/s., 17.94 MB/s.)

WFIXMEK , IBHEClickHouse 2 /RClickHouse5 E— R BRIV R TZ5| ( Processed 32.74 thousand rows ) , {B
B BERRONERERHGEIRE k='2017-09-15' RIAVFITILIRER,

HFClickHouseR{EAHM RS , RAILtEIEBCEER ( AREIPHELEER) |, "GN HNEIRE B SERSILERP, &
F indexHint BRI P] ABEBEIEA .



replicate
ERRMEER — A,

HFarrayloinBIAERSEIN,
replicate(x, arr)

S

o ar —[FIA%4HE, ClickHouseBlZ2— N 5RIAIFEREERIEAE , ARE ERE,
o x —EMBIBEBRHRIEFHIE,

fait
o —ME x IHFRRIENA,
BN

SELECT replicate(1, [a', 'b', '¢'])

—replicate(1, [a', 'b', 'c'l)—
| [1,1,1] |
|

filesystemAvailable

REMEHRRZEEERS (RFRARNM) . EREEXXHFTIpathicBITELILER.

filesystemCapacity

ROMENEEER  UFTHE, EREEXHFHMpathieEITELEER,

finalizeAggregation

FRRERHNRE. ROARSER (RERSD) .

runningAccumulate

KRR ERHIVRSHHREIEEARINE, XRAE—ITRIHFIITHRETRITNG

BN , SR ERMAIRZE (RBIrunningAccumulate(unigState(UseriD)) ) , W FHUBRIIE—1T , REFFE SCHI1TMY
BITHRSEHENRSRHMNER. Eit , RBWERIURT 5 X PHIRRAIAR A K& IR PITHIRRE,
joinGet(‘join_storage_table_name’, 'get_column’, join_key)

(EFREERER T M IoinZE B 5| R R FIRENEUIE,

modelEvaluate(model_name, ...)

ERNMPERTE, BEIBRAUNBRUALRENSE, REFloat64LEHE,

throwlf(x)
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Aggregate functions

Aggregate functions work in the normal way as expected by database experts.

ClickHouse also supports:

e Parametric aggregate functions, which accept other parameters in addition to columns.

o Combinators, which change the behavior of aggregate functions.

NULL processing

During aggregation, all NULL s are skipped.
Examples:

Consider this table:

[ X T
| 1] 2]
|2|NULL|
3] 2|
|3] 3]
|3|NULL|

Let's say you need to total the values in the y column:

2) SELECT sum(y) FROM t_null_big

SELECT sum(y)
FROM t_null_big

rsum(y)—
| 7]
L 1

1 rows in set. Elapsed: 0.002 sec.

The sum functioninterprets NULL as 0. In particular, this means that if the function receives input of a selection where
all the values are NULL , then the result will be 0, not NULL .

Now you can use the groupArray function to create anarray fromthe y column:

:) SELECT groupArray(y) FROM t_null_big

SELECT groupArray(y)
FROM t_null_big

r—groupArray(y)—
| 223] |
L

1 rows in set. Elapsed: 0.002 sec.

groupArray does notinclude NULL inthe resulting array.

Function Reference


http://www.sql-tutorial.com/sql-aggregate-functions-sql-tutorial

count
Counts the number of rows or not-NULL values.

ClickHouse supports the following syntaxes for count : - count(expr) or COUNT(DISTINCT expr) . - count() or COUNT(*).The
count() syntaxis a ClickHouse-specificimplementation.

Parameters
The function can take:

e Zero parameters.

o One expression.
Returned value

o If the function is called without parameters it counts the number of rows.

o |f theexpressionis passed, then the function counts how many times this expression returned not null. If the
expression returns a value of the Nullable data type, then the result of count stays not Nullable . The function returns
0if the expression returned NULL for all the rows.

In both cases the type of the returned value is UInt64.
Details

ClickHouse supports the COUNT(DISTINCT ...) syntax. The behavior of this construction depends on the
count_distinct_implementation setting. It defines which of theunig* functions is used to perform the operation. By
default the unigExact function.

A SELECT count() FROM table query is not optimized, because the number of entries in the table is not stored separately.
It chooses some small column from the table and count the number of values iniit.

Examples

Example 1:

SELECT count() FROM t

r—count()—
| 5l
L 1

Example 2:

SELECT name, value FROM system.settings WHERE name = 'count_distinct_implementation’

r—hame r—value ]
| count_distinct_implementation | uniqExact |
|

SELECT count(DISTINCT num) FROM t

r—unigExact(num)—
|I 3] .

This example shows that count(DISTINCT num) is performed by the function unigExact corresponding to the



count_distinct_implementation setting value.

any(x)

Selects the first encountered value. The query can be executed in any order and even in a different order each time, so
the result of this function is indeterminate. To get a determinate result, you can use the 'min' or 'max’ function instead
of 'any'.

In some cases, you can rely on the order of execution. This applies to cases when SELECT comes from a subquery that
uses ORDER BY.

When a SELECT query hasthe GROUP BY clause or at least one aggregate function, ClickHouse (in contrast to MySQL)
requires that all expressions in the SELECT, HAVING , and ORDER BY clauses be calculated from keys or from
aggregate functions. In other words, each column selected from the table must be used either in keys or inside
aggregate functions. To get behavior like in MySQL, you can put the other columns in the any aggregate function.

anyHeavy(x)

Selects a frequently occurring value using the heavy hitters algorithm. If there is a value that occurs more than in half the
cases in each of the query's execution threads, this value is returned. Normally, the result is nondeterministic.

anyHeavy(column)

Arguments
e column - The column name.
Example

Take the OnTime data set and select any frequently occurring value in the AirlinelD column.

SELECT anyHeavy(AirlinelD) AS res
FROM ontime

——res—
| 19690 |
L 1

anyLast(x)

Selects the last value encountered. The result is just as indeterminate as for the any function.

groupBitAnd

Applies bitwise AND for series of numbers.
groupBitAnd(expr)

Parameters
expr — An expression that results in Uint* type.
Return value

Value of the UInt* type.


http://www.cs.umd.edu/~samir/498/karp.pdf

Example

Test data:

binary  decimal
00101100 = 44
00011100 = 28
00001101 =13
01010101 =85

Query:

SELECT groupBitAnd(num) FROM t

Where num is the column with the test data.

Result:

binary  decimal
00000100 = 4

groupBitOr

Applies bitwise OR for series of numbers.
groupBitOr(expr)

Parameters

expr — An expression that results in Uint* type.
Return value

Value of the Uint* type.

Example

Test data:

binary  decimal
00101100 = 44
00011100 = 28
00001101 =13
01010101 = 85

Query:
SELECT groupBitOr(num) FROM t

Where num is the column with the test data.

Result:

binary  decimal
01111101 =125

groupBitXor



Applies bitwise XOR for series of numbers.
groupBitXor(expr)

Parameters

expr — An expression that results in Uint* type.
Return value

Value of the Uint* type.

Example

Test data:

binary  decimal
00101100 = 44
00011100 = 28
00001101 =13
01010101 =85

Query:

SELECT groupBitXor(num) FROM t

Where num is the column with the test data.

Result:

binary  decimal
01101000 = 104

groupBitmap

Bitmap or Aggregate calculations from a unsigned integer column, return cardinality of type Ulnté4, if add suffix -State,
then return bitmap object.

groupBitmap(expr)

Parameters

expr — An expression that results in Uint* type.
Return value

Value of the Uint64 type.

Example

Test data:

userid
1
1
2
3

Query:



SELECT groupBitmap(userid) as num FROM t

Result:

num

min(x)

Calculates the minimum.

max(x)

Calculates the maximum.

argMin(arg, val)

Calculates the 'arg' value for a minimal 'val' value. If there are several different values of 'arg' for minimal values of 'val’,
the first of these values encountered is output.

Example:

—user————salary—
| director | 5000 |

| manager | 3000 |
| worker | 1000 |
1 !

SELECT argMin(user, salary) FROM salary

r—argMin(user, salary)—
| worker |
1

argMax(arg, val)

Calculates the 'arg’ value for a maximum 'val' value. If there are several different values of ‘arg’ for maximum values of
'val', the first of these values encountered is output.

sum(x)

Calculates the sum. Only works for numbers.

sumWithOverflow(x)

Computes the sum of the numbers, using the same data type for the result as for the input parameters. If the sum
exceeds the maximum value for this data type, the function returns an error.

Only works for numbers.

sumMap(key, value)

Totals the 'value' array according to the keys specified in the 'key' array. The number of elements in 'key' and 'value'
must be the same for each row that is totaled. Returns a tuple of two arrays: keys in sorted order, and values summed
for the corresponding keys.



Example:

CREATE TABLE sum_map(
date Date,
timeslot DateTime,
statusMap Nested(
status UInt16,
requests UInt64
)
) ENGINE = Log;
INSERT INTO sum_map VALUES

(2000-01-01', '2000-01-01 00:00:00, [1, 2, 3], [10, 10, 10]),

('2000-01-01', '2000-01-01 00:00:00, [3, 4, 5], [10, 10, 10]),

('2000-01-01', '2000-01-01 00:01:00", [4, 5, 6], [10, 10, 10]),

('2000-01-01', '2000-01-01 00:01:00, [6, 7, 8], [10, 10, 10]);
SELECT

timeslot,

sumMap(statusMap.status, statusMap.requests)
FROM sum_map
GROUP BY timeslot

T timeslot——sumMap(statusMap.status, statusMap.requests)—
| 2000-01-01 00:00:00 | ([1,2,3,4,5],[10,10,20,10,10]) |

| 2000-01-01 00:01:00 | ([4,5,6,7,8],[10,10,20,10,10]) |

l 1

skewPop

Computes the skewness for sequence.

skewPop(expr)

Parameters

expr — Expression returning a number.

Returned value

The skewness of given distribution. Type —Float64

Example of Use

SELECT skewPop(value) FROM series_with_value_column

skewSamp
Computes the sample skewness for sequence.

It represents an unbiased estimate of the skewness of a random variable, if passed values form it's sample.

skewSamp(expr)

Parameters
expr — Expression returning a number.
Returned value

The skewness of given distribution. Type —Float64. If n<=1 (n is a size of the sample), then the function returns nan.


https://en.wikipedia.org/wiki/Skewness
https://en.wikipedia.org/wiki/Skewness

Example of Use

SELECT skewSamp(value) FROM series_with_value_column

kurtPop

Computes the kurtosis for sequence.
kurtPop(expr)

Parameters

expr — Expression returning a number.
Returned value

The kurtosis of given distribution. Type —Float64

Example of Use

SELECT kurtPop(value) FROM series_with_value_column

kurtSamp
Computes the sample kurtosis for sequence.

It represents an unbiased estimate of the kurtosis of a random variable, if passed values formit's sample.
kurtSamp(expr)

Parameters

expr — Expression returning a number.

Returned value

The kurtosis of given distribution. Type —Float64. If n<=1 (n is a size of the sample), then the function returns nan.

Example of Use

SELECT kurtSamp(value) FROM series_with_value_column

timeSeriesGroupSum(uid, timestamp, value)

timeSeriesGroupSum can aggregate different time series that sample timestamp not alignment. It will use linear
interpolation between two sample timestamp and then sum time-series together.

e uid isthetime series uniqueid, Ulnt64 .
o timestamp is Int64 type in order to support millisecond or microsecond.

e value is the metric.
The function returns array of tuples with (timestamp, aggregated_value) pairs.
Before using this function make sure timestamp is in ascending order.

Example:


https://en.wikipedia.org/wiki/Kurtosis
https://en.wikipedia.org/wiki/Kurtosis

—uid——timestamp——value—

[1 ] 2 | 02]
[1 ] 7 | 07]
[1 | 12 | 1.2]
[1 | 17 | 1.7]
|1 | 25 | 25|
|2 | 3 | 06]
|2 | 8 | 16]
|2 | 12 | 24|
|2 | 18 | 36|
|2 | 24 | 48]
|

CREATE TABLE time_series(
uid Ulnt64,
timestamp Int64,
value Float64

) ENGINE = Memory;

INSERT INTO time_series VALUES
(1,2,0.2),(1,7,0.7),(1,12,1.2),(1,17,1.7),(1,25,2.5),
(2,3,0.6),(2,8,1.6),(2,12,2.4),(2,18,3.6),(2,24,4.8);

SELECT timeSeriesGroupSum(uid, timestamp, value)
FROM (

SELECT * FROM time_series order by timestamp ASC
);

And the result will be:

[(2,0.2),(8,0.9),(7,2.1),(8,2.4),(12,3.6),(17,5.1),(18,5.4),(24,7.2),(25,2.5)]

timeSeriesGroupRateSum(uid, ts, val)

Similarly timeSeriesGroupRateSum, timeSeriesGroupRateSum will Calculate the rate of time-series and then sum rates
together. Also, timestamp should be in ascend order before use this function.

Use this function, the result above case will be:

[(2,0),(3,0.1),(7,0.3),(8,0.3),(12,0.3),(17,0.3),(18,0.3),(24,0.3),(25,0.1)]

avg(x)

Calculates the average. Only works for numbers. The result is always Floaté4.

uniq
Calculates the approximate number of different values of the argument.
uniq(x[; ...])

Parameters

Function takes the variable number of parameters. Parameters can be of types: Tuple, Array, Date , DateTime , String,
numeric types.

Returned value

o The number of theUInt64 type.



Implementation details
Function:

o Calculates a hash for all parameters in the aggregate, then uses it in calculations.

o Uses an adaptive sampling algorithm. For the calculation state, the function uses a sample of element hash values
with a size up to 65536.

This algorithm is very accurate and very efficient on CPU. When query contains several of these functions, using
uniq is almost as fast as using other aggregate functions.

¢ Provides the result deterministically (it doesn't depend on the order of query processing).
We recommend to use this function in almost all scenarios.
See Also

¢ unigCombined
e unigHLL12

e unigExact

unigCombined

Calculates the approximate number of different values of the argument.
unigCombined(HLL_precision)(x[, ...])

The unigCombined function is a good choice for calculating the number of different values, but keep in mind that the
estimation error for large sets (200 million elements and more) will become larger than theoretical value due to poor
choice of hash function.

Parameters

Function takes the variable number of parameters. Parameters can be of types: Tuple, Array, Date , DateTime , String ,
numeric types.

HLL_precision is the base-2 logarithm of the number of cells inHyperLogLog. Optional, you can use the function as
unigCombined(x[, ...]) . The default value for HLL_precision is 17, that is effectively 96 KiB of space (2*17 cells of 6 bits each).

Returned value

e The number of theUInt64 type.
Implementation details
Function:

o Calculates a hash for all parameters in the aggregate, then uses it in calculations.
o Uses combination of three algorithms: array, hash table and HyperLoglLog with an error correction table.

For small number of distinct elements, the array is used. When the set size becomes larger the hash tableis used,
while it is smaller than HyperLoglLog data structure. For larger number of elements, the HyperLoglLog is used, and it
will occupy fixed amount of memory.

¢ Provides the result deterministically (it doesn't depend on the order of query processing).
In comparison with the uniq function the unigCombined :

o Consumes several times less memory.


https://en.wikipedia.org/wiki/HyperLogLog

o Calculates with several times higher accuracy.

o Performs slightly lower usually. In some scenarios unigCombined can perform better than uniq, for example, with
distributed queries that transmit a large number of aggregation states over the network.

See Also

e UnNiq
e unigHLL12

¢ unigExact

unigHLL12

Calculates the approximate number of different values of the argument, using theHyperLoglLog algortithm.

unigHLL12(x], ...])

Parameters

Function takes the variable number of parameters. Parameters can be of types: Tuple, Array, Date , DateTime , String ,
numeric types.

Returned value

e The number of theUInt64 type.
Implementation details
Function:

o Calculates a hash for all parameters in the aggregate, then uses it in calculations.
o Uses the HyperLoglLog algorithm to approximate the number of different values of the argument.

212 5-bit cells are used. The size of the state is slightly more than 2.5 KB. The result is not very accurate (up to ~10%
error) for small data sets (<10K elements). However, the result is fairly accurate for high-cardinality data sets (10K-
100M), with a maximum error of ~1.6%. Starting from 100M, the estimation error increases, and the function will
return very inaccurate results for data sets with extremely high cardinality (1B+ elements).

o Provides the determinate result (it doesn't depend on the order of query processing).
We don't recommend using this function. In most cases, use the uniq or unigCombined function.
See Also

e UuniqQ
¢ unigCombined

e unigExact

unigExact

Calculates the exact number of different values of the argument.
unigExact(x[, ...])

Use the unigExact function if you definitely need an exact result. Otherwise use the uniq function.

The unigExact function uses more memory than the uniq, because the size of the state has unbounded growth as the


https://en.wikipedia.org/wiki/HyperLogLog

number of different values increases.
Parameters

Function takes the variable number of parameters. Parameters can be of types: Tuple, Array, Date , DateTime , String,
numeric types.

See Also

e UnNiq
¢ unigCombined

e unigHLL12

groupArray(x), groupArray(max_size)(x)
Creates an array of argument values. Values can be added to the array in any (indeterminate) order.

The second version (with the max_size parameter) limits the size of the resulting array to max_size elements. For
example, groupArray (1) (x) is equivalent to [any (x)] .

In some cases, you can still rely on the order of execution. This applies to cases when SELECT comes from a subquery
that uses ORDER BY .

groupArraylnsertAt(x)
Inserts a value into the array in the specified position.

Accepts the value and position as input. If several values are inserted into the same position, any of them might end up
in the resulting array (the first one will be used in the case of single-threaded execution). If no value is inserted into a
position, the position is assigned the default value.

Optional parameters:

o The default value for substituting in empty positions.

e Thelength of the resulting array. This allows you to receive arrays of the same size for all the aggregate keys. When
using this parameter, the default value must be specified.

groupUnigArray(x), groupUnigArray(max_size)(x)
Creates an array from different argument values. Memory consumption is the same as for the unigExact function.

The second version (with the max_size parameter) limits the size of the resulting array to max_size elements. For
example, groupUnigArray(1)(x) is equivalent to [any(x)] .

quantile(level)(x)

Approximates the level quantile. level is a constant, a floating-point number from 0 to 1. We recommend using a level
value in the range of [0.01, 0.99] Don't use a level value equalto0or 1 - usethe min and max functions for these cases.

In this function, as well as in all functions for calculating quantiles, the level parameter can be omitted. In this case, it is
assumed to be equal to 0.5 (in other words, the function will calculate the median).

Works for numbers, dates, and dates with times. Returns: for numbers - Float64 ; for dates - a date; for dates with times
- adate with time.



Uses reservoir sampling with a reservoir size up to 8192. If necessary, the result is output with linear approximation from
the two neighboring values. This algorithm provides very low accuracy. See also: quantileTiming , quantileTDigest ,

quantileExact .
The result depends on the order of running the query, and is nondeterministic.

When using multiple quantile (and similar) functions with different levels in a query, the internal states are not combined
(thatis, the query works less efficiently than it could). In this case, use the quantiles (and similar) functions.

quantileDeterministic(level)(x, determinator)

Works the same way as the quantile function, but the result is deterministic and does not depend on the order of query
execution.

To achieve this, the function takes a second argument - the "determinator”. This is a number whose hash is used
instead of a random number generator in the reservoir sampling algorithm. For the function to work correctly, the same
determinator value should not occur too often. For the determinator, you can use an event ID, user ID, and so on.

Don't use this function for calculating timings. There is a more suitable function for this purpose: quantileTiming .

quantileTiming(level)(x)

Computes the quantile of 'level’ with a fixed precision. Works for numbers. Intended for calculating quantiles of page
loading time in milliseconds.

If the value is greater than 30,000 (a page loading time of more than 30 seconds), the result is equated to 30,000.
If the total value is not more than about 5670, then the calculation is accurate.
Otherwise:

o if thetimeisless than 1024 ms, then the calculation is accurate.

o otherwise the calculation is rounded to a multiple of 16 ms.
When passing negative values to the function, the behavior is undefined.

The returned value has the Float32 type. If no values were passed to the function (when using quantileTiminglf ), 'nan’ is
returned. The purpose of this is to differentiate these instances from zeros. See the note on sorting NaNs in "ORDER BY
clause".

The result is determinate (it doesn't depend on the order of query processing).

For its purpose (calculating quantiles of page loading times), using this function is more effective and the result is more
accurate than for the quantile function.

quantileTimingWeighted(level)(x, weight)

Differs from the quantileTiming function in that it has a second argument, "weights". Weight is a non-negative integer.
Theresultis calculated as if the x value were passed weight humber of times to the quantileTiming function.
quantileExact(level)(x)

Computes the quantile of 'level' exactly. To do this, all the passed values are combined into an array, which is then
partially sorted. Therefore, the function consumes O(n) memory, where 'n' is the number of values that were passed.
However, for a small number of values, the function is very effective.


https://en.wikipedia.org/wiki/Reservoir_sampling

quantileExactWeighted(level)(x, weight)

Computes the quantile of 'level’ exactly. In addition, each value is counted with its weight, as if it is present 'weight'
times. The arguments of the function can be considered as histograms, where the value 'x' corresponds to a histogram
"column" of the height 'weight’, and the function itself can be considered as a summation of histograms.

A hash table is used as the algorithm. Because of this, if the passed values are frequently repeated, the function
consumes less RAM than quantileExact . You can use this function instead of quantileExact and specify the weight as 1.

quantileTDigest(level)(x)

Approximates the quantile level using the t-digest algorithm. The maximum error is 1%. Memory consumption by State
is proportional to the logarithm of the number of passed values.

The performance of the function is lower than for quantile or quantileTiming . In terms of the ratio of State size to
precision, this function is much better than quantile .

The result depends on the order of running the query, and is nondeterministic.

median(x)

All the quantile functions have corresponding median functions: median , medianDeterministic , medianTiming ,
medianTimingWeighted , medianExact , medianExactWeighted , medianTDigest . They are synonyms and their behavior is
identical.

quantiles(levell, level2, ...)(x)

All the quantile functions also have corresponding quantiles functions: quantiles, quantilesDeterministic , quantilesTiming,
quantilesTimingWeighted , quantilesExact, quantilesExactWeighted , quantilesTDigest . These functions calculate all the quantiles
of the listed levels in one pass, and return an array of the resulting values.

varSamp(x)

Calculates the amount >((x - X)*2) / (n- 1) , where n is the sample size and X is the average value of x.

It represents an unbiased estimate of the variance of a random variable, if passed values form it's sample.

Returns Float64 . When n <=1, returns +o .

varPop(x)
Calculates the amount =((x - X)*2) / n, where n is the sample size and X is the average value of x.

In other words, dispersion for a set of values. Returns Float64 .

stddevSamp(x)

The result is equal to the square root of varSamp(x) .

stddevPop(x)

The result is equal to the square root of varPop(x) .


https://github.com/tdunning/t-digest/blob/master/docs/t-digest-paper/histo.pdf

topK(N)(column)

Returns an array of the most frequent values in the specified column. The resulting array is sorted in descending order
of frequency of values (not by the values themselves).

Implements the Filtered Space-Saving algorithm for analyzing TopK, based on the reduce-and-combine algorithm from
Parallel Space Saving.

topK(N)(column)

This function doesn't provide a guaranteed result. In certain situations, errors might occur and it might return frequent
values that aren't the most frequent values.

We recommend using the N < 10 value; performance is reduced with large N values. Maximum value of N = 65536 .
Arguments

¢ 'N'is the number of values.

e 'X'=Thecolumn.
Example

Take the OnTime data set and select the three most frequently occurring values in the AirlinelD column.

SELECT topK(3)(AirlinelD) AS res
FROM ontime

—res 1
| [19393,19790,19805] |
L

covarSamp(x, y)
Calculates the value of Z((x - Xx)(y -y))/(n-1).

Returns Float64. When n <=1, returns +co.

covarPop(x, y)

Calculates the value of Z((x-X)(y-y))/n.

corr(x,y)

Calculates the Pearson correlation coefficient: =((x - X)(y - y)) / sqrt(Z((x - X)*2) * Z((y - ¥)*2)) .

simpleLinearRegression

Performs simple (unidimensional) linear regression.
simpleLinearRegression(x, y)

Parameters:

e x — Column with dependent variable values.

e y — Column with explanatory variable values.


http://www.l2f.inesc-id.pt/~fmmb/wiki/uploads/Work/misnis.ref0a.pdf
https://arxiv.org/pdf/1401.0702.pdf

Returned values:
Constants (a, b) of theresultingliney=a*x+b.

Examples

SELECT arrayReduce('simpleLinearRegression’, [0, 1, 2, 3], [0, 1, 2, 3])

r—arrayReduce('simpleLinearRegression’, [0, 1, 2, 3], [0, 1, 2, 3])—

|I (1,0) |

SELECT arrayReduce('simpleLinearRegression’, [0, 1, 2, 3], [3, 4, 5, 6])

r—arrayReduce('simpleLinearRegression’, [0, 1, 2, 3], [3, 4, 5, 6])—

|I (1.3) |

stochasticLinearRegression

This function implements stochastic linear regression. It supports custom parameters for learning rate, L2 regularization
coefficient, mini-batch size and has few methods for updating weights (simple SGD, Momentum, Nesterov).

Parameters

There are 4 customizable parameters. They are passed to the function sequentially, but there is no need to pass all four -
default values will be used, however good model required some parameter tuning.

stochasticLinearRegression(1.0, 1.0, 10, 'SGD')

1. learning rate is the coefficient on step length, when gradient descent step is performed. Too big learning rate may
cause infinite weights of the model. Default is 0.00001 .

2. 12 regularization coefficient which may help to prevent overfitting. Defaultis 0.1.

3. mini-batch size sets the number of elements, which gradients will be computed and summed to perform one step of
gradient descent. Pure stochastic descent uses one element, however having small batches(about 10 elements)
make gradient steps more stable. Defaultis 15.

4. method for updating weights , there are 3 of them: SGD, Momentum , Nesterov. Momentum and Nesterov require little bit
more computations and memory, however they happen to be useful in terms of speed of convergance and stability
of stochastic gradient methods. Defaultis 'SGD' .

Usage

stochasticLinearRegression is used in two steps: fitting the model and predicting on new data. In order to fit the model and
save its state for later usage we use -State combinator, which basically saves the state (model weights, etc). To predict
we use function evalMLMethod, which takes a state as an argument as well as features to predict on.

1. Fitting


https://en.wikipedia.org/wiki/Stochastic_gradient_descent
https://en.wikipedia.org/wiki/Stochastic_gradient_descent#Momentum
https://mipt.ru/upload/medialibrary/d7e/41-91.pdf

Such query may be used.

“gql
CREATE TABLE IF NOT EXISTS train_data

(
parami Float64,

param?2 Float64,
target Float64
) ENGINE = Memory;

CREATE TABLE your_model ENGINE = Memory AS SELECT
stochasticLinearRegressionState(0.1, 0.0, 5, 'SGD')(target, param1, param2)
AS state FROM train_data;

Here we also need to insert data into “train_data" table. The number of parameters is not fixed, it depends only on number of arguments, passed
into “linearRegressionState’. They all must be numeric values.
Note that the column with target value(which we would like to learn to predict) is inserted as the first argument.

1. Predicting

After saving a state into the table, we may use it multiple times for prediction, or even merge with other states and
create new even better models.

sql
WITH (SELECT state FROM your_model) AS model SELECT
evalMLMethod(model, param1, param2) FROM test_data

The query will return a column of predicted values. Note that first argument of evalMLMethod is
AggregateFunctionState object, next are columns of features.

test_data is a table like train_data but may not contain target value.
Notes

1. To merge two models user may create such query: sqgl
SELECT state1 + state2 FROM your_models where your_models table contains both models. This query will return new
AggregateFunctionState object.

2. User may fetch weights of the created model for its own purposes without saving the model if no -State combinator
isused. sql
SELECT stochasticLinearRegression(0.01)(target, param1, param2) FROM train_data Such query will fit the model and
return its weights - first are weights, which correspond to the parameters of the model, the last one is bias. So in the
example above the query will return a column with 3 values.

See Also

¢ stochasticLogisticRegression

« Difference between linear and logistic regressions

stochasticLogisticRegression

This function implements stochastic logistic regression. It can be used for binary classification problem, supports the
same custom parameters as stochasticLinearRegression and works the same way.

Parameters

Parameters are exactly the same as in stochasticLinearRegression: learning rate , 12 regularization coefficient , mini-batch size ,
method for updating weights . For more information see parameters.

stochasticLogisticRegression(1.0, 1.0, 10, 'SGD")


https://stackoverflow.com/questions/12146914/what-is-the-difference-between-linear-regression-and-logistic-regression

1. Fitting
See the Fitting section in the stochasticLinearRegression description.
Predicted labels have to bein [-1, 1].

2. Predicting
Using saved state we can predict probability of object having label 1 .

sql
WITH (SELECT state FROM your_model) AS model SELECT
evalMLMethod(model, param1, param2) FROM test_data

The query will return a column of probabilities. Note that first argument of evalMLMethod is AggregateFunctionState
object, next are columns of features.

We can also set a bound of probability, which assigns elements to different labels.

sql

SELECT ans < 1.1 AND ans > 0.5 FROM

(WITH (SELECT state FROM your_model) AS model SELECT
evalMLMethod(model, param1, param2) AS ans FROM test_data)

Then the result will be labels.

test_data is a table like train_data but may not contain target value.
See Also

e stochasticLinearRegression

o Difference between linear and logistic regressions.

Aggregate function combinators

The name of an aggregate function can have a suffix appended to it. This changes the way the aggregate function
works.

-If

The suffix -If can be appended to the name of any aggregate function. In this case, the aggregate function accepts an
extra argument - a condition (Uint8 type). The aggregate function processes only the rows that trigger the condition. If
the condition was not triggered even once, it returns a default value (usually zeros or empty strings).

Examples: sumlf(column, cond) , countlf(cond), avglf(x, cond) , quantilesTiminglf(levell, level2)(x, cond) , argMinlf(arg, val, cond)

andsoon.

With conditional aggregate functions, you can calculate aggregates for several conditions at once, without using
subqueries and JOIN s. For example, in Yandex.Metrica, conditional aggregate functions are used to implement the
segment comparison functionality.

-Array

The -Array suffix can be appended to any aggregate function. In this case, the aggregate function takes arguments of
the 'Array(T)' type (arrays) instead of 'T' type arguments. If the aggregate function accepts multiple arguments, this
must be arrays of equal lengths. When processing arrays, the aggregate function works like the original aggregate
function across all array elements.

Example 1: sumArray(arr) - Totals all the elements of all 'arr' arrays. In this example, it could have been written more


https://stackoverflow.com/questions/12146914/what-is-the-difference-between-linear-regression-and-logistic-regression

simply: sum(arraySum(arr)) .

Example 2: unigArray(arr) — Count the number of unique elementsin all ‘arr' arrays. This could be done an easier way:
unig(arrayJoin(arr)) , but it's not always possible to add 'arrayJoin' to a query.

-If and -Array can be combined. However, 'Array' must come first, then 'lf'. Examples: unigArraylf(arr, cond) ,
quantilesTimingArraylf(levell, level2)(arr, cond) . Due to this order, the ‘cond' argument can't be an array.

-State

If you apply this combinator, the aggregate function doesn't return the resulting value (such as the number of unique
values for the uniq function), but an intermediate state of the aggregation (for uniq, this is the hash table for calculating
the number of unique values). This is an AggregateFunction(...) that can be used for further processing or stored in a
table to finish aggregating later. To work with these states, use the AggregatingMergeTree table engine, the functions
finalizeAggregation and runningAccumulate, and the combinators -Merge and -MergeState described below.

-Merge

If you apply this combinator, the aggregate function takes the intermediate aggregation state as an argument,
combines the states to finish aggregation, and returns the resulting value.

-MergeState.

Merges the intermediate aggregation states in the same way as the -Merge combinator. However, it doesn't return the
resulting value, but an intermediate aggregation state, similar to the -State combinator.

-ForEach

Converts an aggregate function for tables into an aggregate function for arrays that aggregates the corresponding array
items and returns an array of results. For example, sumForEach for the arrays [1, 2], [3, 4, 5] and [6, 7] returns the result
[10, 13, 5] after adding together the corresponding array items.

Parametric aggregate functions

Some aggregate functions can accept not only argument columns (used for compression), but a set of parameters -
constants for initialization. The syntax is two pairs of brackets instead of one. The first is for parameters, and the second
is for arguments.

sequenceMatch(pattern)(time, cond1, cond2, ...)

Pattern matching for event chains.

pattern is a string containing a pattern to match. The pattern is similar to a regular expression.
time is the time of the event, type support: Date , DateTime , and other unsigned integer types.

cond1, cond2 ...is from one to 32 arguments of type UInt8 that indicate whether a certain condition was met for the
event.

The function collects a sequence of events in RAM. Then it checks whether this sequence matches the pattern. It returns
UInt8: 0 if the patternisn't matched, or 1 if it matches.

Example: sequenceMatch ('(?1).*(?2)")(EventTime, URL LIKE '%company%', URL LIKE '%cart%")



o whether there was a chain of events in which a pageview with ‘company' in the address occurred earlier than a
pageview with 'cart' in the address.

This is a singular example. You could write it using other aggregate functions:

minlf(EventTime, URL LIKE 'Y%scompany%') < maxlf(EventTime, URL LIKE '%cart%").

However, there is no such solution for more complex situations.
Pattern syntax:

(?1) refers to the condition (any number can be used in place of 1).

¥ isany number of any events.

(?t>=1800) is a time condition.

Any quantity of any type of events is allowed over the specified time.
Instead of >=, the following operators canbeused: <, >, <=.

Any number may be specified in place of 1800.

Events that occur during the same second can be put in the chain in any order. This may affect the result of the function.

sequenceCount(pattern)(time, cond1, cond2, ...)

Works the same way as the sequenceMatch function, but instead of returning whether there is an event chain, it returns
UInté64 with the number of event chains found. Chains are searched for without overlapping. In other words, the next
chain can start only after the end of the previous one.

windowFunnel(window)(timestamp, cond1, cond2, cond3, ...)

Searches for event chains in a sliding time window and calculates the maximum number of events that occurred from
the chain.

windowFunnel(window)(timestamp, cond1, cond2, cond3, ...)

Parameters:

o window — Length of the sliding window in seconds.

o timestamp — Name of the column containing the timestamp. Data type support: Date , DateTime , and other
unsigned integer types(Note that though timestamp support Uinté4 type, thereis a limitation it's value can't
overflow maximum of Inté64, which is 2°63 - 1).

e condi, cond2...— Conditions or data describing the chain of events. Data type: UInt8 . Values can be O or 1.
Algorithm
o The function searches for data that triggers the first condition in the chain and sets the event counter to 1. This is

the moment when the sliding window starts.

o If events from the chain occur sequentially within the window, the counter is incremented. If the sequence of events
is disrupted, the counter isn't incremented.

o If the data has multiple event chains at varying points of completion, the function will only output the size of the
longest chain.

Returned value



¢ Integer. The maximum number of consecutive triggered conditions from the chain within the sliding time window.
All the chains in the selection are analyzed.

Example
Determine if one hour is enough for the user to select a phone and purchase it in the online store.
Set the following chain of events:

1. The user logged in to their account on the store (eventiD=1001 ).
2. The user searches for a phone ( eventID = 1003, product = 'phone' ).

3. The user placed an order ( eventlD = 1009 ).

To find out how far the user user_id could get through the chain in an hour in January of 2017, make the query:

SELECT
level,
count() AS ¢
FROM
(
SELECT
user_id,
windowFunnel(3600)(timestamp, eventID = 1001, eventID = 1003 AND product = '‘phone’, eventID = 1009) AS level
FROM trend_event
WHERE (event_date >='2017-01-01") AND (event_date <= '2017-01-31")
GROUP BY user_id
)
GROUP BY level
ORDER BY level

Simply, the level value could only be 0, 1, 2, 3, it means the maxium event action stage that one user could reach.

retention(cond1, cond?2, ...)
Retention refers to the ability of a company or product to retain its customers over some specified periods.

condi, cond2 ...is from one to 32 arguments of type UInt8 that indicate whether a certain condition was met for the
event

Example:
Consider you are doing a website analytics, intend to calculate the retention of customers

This could be easily calculate by retention

SELECT
sum(r[1]) AS r1,
sum(r[2]) AS r2,
sum(r[3]) AS r3
FROM
(
SELECT
uid,
retention(date = '2018-08-10", date = '2018-08-11', date = '2018-08-12") AS r
FROM events
WHERE date IN ('2018-08-10', '2018-08-11', '2018-08-12")
GROUP BY uid

Simply, r1 means the number of unique visitors who met the cond1 condition, r2 means the number of unique visitors
who met cond1 and cond2 conditions, r3 means the number of unique visitors who met cond1 and cond3 conditions.



unigUpTo(N)(x)

Calculates the number of different argument values if it is less than or equal to N. If the number of different argument
values is greater than N, it returns N + 1.

Recommended for use with small Ns, up to 10. The maximum value of N is 100.

For the state of an aggregate function, it uses the amount of memory equal to 1 + N * the size of one value of bytes. For
strings, it stores a non-cryptographic hash of 8 bytes. That is, the calculation is approximated for strings.

The function also works for several arguments.

It works as fast as possible, except for cases when a large N value is used and the number of unique values is slightly less
than N.

Usage example:

Problem: Generate a report that shows only keywords that produced at least 5 unique users.
Solution: Write in the GROUP BY query SearchPhrase HAVING uniqUpTo(4)(UserID) >= 5

sumMapFiltered(keys_to_keep)(keys, values)

Same behavior as sumMap except that an array of keys is passed as a parameter. This can be especially useful when
working with a high cardinality of keys.

Table functions

Table functions can be specified in the FROM clause instead of the database and table names. Table functions can only
be used if 'readonly’ is not set. Table functions aren't related to other functions.

file
Creates a table from afile.

file(path, format, structure)

Input parameters

e path — The relative path to the file fromuser_files_path.
o format — The format of the file.

e structure — Structure of the table. Format 'colunmn1_name columni_ype, column2_name column2_type, ...' .
Returned value
A table with the specified structure for reading or writing data in the specified file.
Example

Setting user_files_path and the contents of the file test.csv :



$ grep user_files_path /etc/clickhouse-server/config.xml
<user_files_path>/var/lib/clickhouse/user_files/</user_files_path>

$ cat /var/lib/clickhouse/user_files/test.csv
1,2,3
3,2,1
78,43,45

Table from test.csv and selection of the first two rows from it:

SELECT *
FROM file('test.csv', 'CSV', 'column1 UInt32, column2 UInt32, column3 UInt32')
LIMIT 2

r—columni1——column2——column3—
|2 3
|8l 2] 1]

-- getting the first 10 lines of a table that contains 3 columns of UInt32 type from a CSV file
SELECT * FROM file('test.csv', 'CSV', 'column1 UInt32, column2 UInt32, column3 UInt32') LIMIT 10

merge

merge(db_name, 'tables_regexp') — Creates a temporary Merge table. For more information, see the section "Table engines,
Merge".

The table structure is taken from the first table encountered that matches the regular expression.

numbers

numbers(N) — Returns a table with the single 'number' column (UInt64) that contains integers from 0 to N-1. numbers(N,
M) - Returns a table with the single 'number' column (UInt64) that contains integers fromNto (N + M- 1).

Similar to the system.numbers table, it can be used for testing and generating successive values, numbers(N, M) more
efficient than system.numbers .

The following queries are equivalent:

SELECT * FROM numbers(10);
SELECT * FROM numbers(0, 10);
SELECT * FROM system.numbers LIMIT 10;

Examples:

-- Generate a sequence of dates from 2010-01-01 to 2010-12-31
select toDate('2010-01-01") + number as d FROM numbers(365);

remote, remoteSecure

Allows you to access remote servers without creating a Distributed table.

Signatures:



remote('addresses_expr', db, table[, 'user, 'password']])
remote('addresses_expr', db.table[, 'user, 'password']])

addresses_expr — An expression that generates addresses of remote servers. This may be just one server address. The
server address is host:port, or just host . The host can be specified as the server name, or as the IPv4 or IPv6 address. An
IPv6 address is specified in square brackets. The port is the TCP port on the remote server. If the port is omitted, it uses
tep_port from the server's config file (by default, 9000).

¢) Important

The portis required for an IPv6 address.

Examples:

example01-01-1
example01-01-1:9000
localhost

127.0.0.1

[::]:9000
[2a202:6b8:0:1111::11]:9000

Multiple addresses can be comma-separated. In this case, ClickHouse will use distributed processing, so it will send the
query to all specified addresses (like to shards with different data).

Example:
example01-01-1,example01-02-1

Part of the expression can be specified in curly brackets. The previous example can be written as follows:
example01-0{1,2}-1

Curly brackets can contain a range of numbers separated by two dots (non-negative integers). In this case, the range is
expanded to a set of values that generate shard addresses. If the first number starts with zero, the values are formed
with the same zero alignment. The previous example can be written as follows:

example01-{01..02}-1

If you have multiple pairs of curly brackets, it generates the direct product of the corresponding sets.

Addresses and parts of addresses in curly brackets can be separated by the pipe symbol (]). In this case, the
corresponding sets of addresses are interpreted as replicas, and the query will be sent to the first healthy replica.
However, the replicas are iterated in the order currently set in the load_balancing setting.

Example:
example01-{01..02}-{1|2}

This example specifies two shards that each have two replicas.
The number of addresses generated is limited by a constant. Right now this is 1000 addresses.

Using the remote table function is less optimal than creating a Distributed table, because in this case, the server
connection is re-established for every request. In addition, if host names are set, the names are resolved, and errors are
not counted when working with various replicas. When processing a large number of queries, always create the
Distributed table ahead of time, and don't use the remote table function.



The remote table function can be useful in the following cases:

o Accessing a specific server for data comparison, debugging, and testing.
¢ Queries between various ClickHouse clusters for research purposes.
o Infrequent distributed requests that are made manually.

o Distributed requests where the set of servers is re-defined each time.
If the user is not specified, default is used. If the password is not specified, an empty password is used.

remoteSecure - same as remote but with secured connection. Default port —tcp_port_secure from config or 9440.

url

url(URL, format, structure) - returns a table created from the URL with given format and structure .

URL - HTTP or HTTPS server address, which can accept GET and/or POST requests.

format - format of the data.

structure - table structure in 'UserID UInt64, Name String' format. Determines column names and types.

Example

-- getting the first 3 lines of a table that contains columns of String and UInt32 type from HTTP-server which answers in CSV format.
SELECT * FROM url(‘http:/127.0.0.1:12345/', CSV, 'column1 String, column2 UInt32') LIMIT 3

mysq|

Allows SELECT queries to be performed on data that is stored on a remote MySQL server.
mysql(‘host:port’, 'database’, 'table’, 'user', 'password'[, replace_query, 'on_duplicate_clause');

Parameters

e host:port —MySQL server address.

o database — Remote database name.

o table —Remote table name.

e user —MySQL user.

e password — User password.

o replace_query — Flag that converts INSERT INTO queries to REPLACE INTO . If replace_query=1, the query is replaced.
e on_duplicate_clause — The ON DUPLICATE KEY on_duplicate_clause expression thatis added to the INSERT query.

Example: INSERT INTO t (c1,c2) VALUES ('a', 2) ON DUPLICATE KEY UPDATE c2 = c2 + 1, where on_duplicate_clause is
UPDATE c2 = c2 + 1 . See the MySQL documentation to find which on_duplicate clause you can use with the ON
DUPLICATE KEY clause.

To specify on_duplicate_clause you need to pass 0 to the replace_query parameter. If you simultaneously pass
replace_query = 1 and on_duplicate_clause , ClickHouse generates an exception.

Simple WHERE clauses such as =, |=, >, >=, <, <= are currently executed on the MySQL server.

The rest of the conditions and the LIMIT sampling constraint are executed in ClickHouse only after the query to MySQL
finishes.



Returned Value

A table object with the same columns as the original MySQL table.

Usage Example

Table in MySQL.:

mysql> CREATE TABLE ‘test .’test (
-> int_id" INT NOT NULL AUTO_INCREMENT,
-> int_nullable” INT NULL DEFAULT NULL,
-> “float” FLOAT NOT NULL,
-> ‘float_nullable’ FLOAT NULL DEFAULT NULL,
-> PRIMARY KEY (‘int_id"));

Query OK, 0 rows affected (0,09 sec)

mysql> insert into test (‘int_id", “float’) VALUES (1,2);
Query OK, 1 row affected (0,00 sec)

mysql> select * from test;

+ + + + +

| int_id | int_nullable | float | float_nullable |

| 1]  NULL| 2] NULL |

1 row in set (0,00 sec)

Selecting data from ClickHouse:

SELECT * FROM mysql('localhost:3306', 'test', 'test', 'bayonet’, '123')

r—int_id——int_nullable——float——float_nullable—
| 1 | NULL | 2 | NULL |
L L l l

See Also

e The'MySQL' table engine

¢ Using MySQL as a source of external dictionary

jdbc
jdbc(jdbc_connection_uri, schema, table) - returns table that is connected via JDBC driver.

This table function requires separate clickhouse-jdbc-bridge program to be running. It supports Nullable types (based on
DDL of remote table that is queried).

Examples

SELECT * FROM jdbc('jdbc:mysql://localhost:3306/?user=root&password=root', 'schema’, 'table’)
SELECT * FROM jdbc('mysql://localhost:3306/?user=root&password=root', 'schema’, 'table’)

SELECT * FROM jdbc('datasource://mysql-local’, 'schema’, 'table’)

odbc



Returns table that is connected via ODBC.

odbc(connection_settings, external_database, external_table)

Parameters:

e connection_settings — Name of the section with connection settings in the odbc.ini file.
o external database — Name of a database in an external DBMS.

o external_table — Name of a table in the external_database .

To safely implement ODBC connections, ClickHouse uses a separate program clickhouse-odbc-bridge . If the ODBC driver
is loaded directly from clickhouse-server , driver problems can crash the ClickHouse server. ClickHouse automatically
starts clickhouse-odbc-bridge when it is required. The ODBC bridge program is installed from the same package as the

clickhouse-server .

The fields with the NULL values from the external table are converted into the default values for the base data type. For
example, if aremote MySQL table field has the INT NULL type itis converted to O (the default value for ClickHouse Int32
data type).

Usage example

Getting data from the local MySQL installation via ODBC

This example is checked for Ubuntu Linux 18.04 and MySQL server 5.7.
Ensure that unixODBC and MySQL Connector are installed.

By default (if installed from packages), ClickHouse starts as user clickhouse . Thus you need to create and configure this
user in the MySQL server.

sudo mysql
mysql> CREATE USER 'clickhouse'@'localhost' IDENTIFIED BY 'clickhouse';
mysql> GRANT ALL PRIVILEGES ON *.* TO 'clickhouse'@'clickhouse’ WITH GRANT OPTION;

Then configure the connection in /etc/odbc.ini .

$ cat /etc/odbc.ini

[mysqglconn]

DRIVER = /usr/local/lib/libmyodbc5w.so
SERVER = 127.0.0.1

PORT = 3306

DATABASE = test

USERNAME = clickhouse
PASSWORD = clickhouse

You can check the connection using the isql utility from the unixODBC installation.

isql -v mysqlconn

| Connected! |

Table in MySQL:


https://en.wikipedia.org/wiki/Open_Database_Connectivity

mysql> CREATE TABLE “test".’test (
-> int_id" INT NOT NULL AUTO_INCREMENT,
-> int_nullable® INT NULL DEFAULT NULL,
-> “float” FLOAT NOT NULL,
-> ‘float_nullable® FLOAT NULL DEFAULT NULL,
-> PRIMARY KEY (int_id"));

Query OK, 0 rows affected (0,09 sec)

mysql> insert into test (‘int_id", “float’) VALUES (1,2);
Query OK, 1 row affected (0,00 sec)

mysql> select * from test;

' 4 ' ! s
+ + + + +

| int_id | int_nullable | float | float_nullable |

| 1] NULL| 2] NULL |

1 row in set (0,00 sec)

Retrieving data from the MySQL table in ClickHouse:

SELECT * FROM odbc('DSN=mysglconn’, 'test’, 'test’)

r—int_id——int_nullable——float——float_nullable—
| ol 2l ol

See Also

« ODBC external dictionaries

e ODBC table engine.

Dictionaries

A dictionary is a mapping ( key -> attributes ) that is convenient for various types of reference lists.

ClickHouse supports special functions for working with dictionaries that can be used in queries. It is easier and more
efficient to use dictionaries with functions thana JOIN with reference tables.

NULL values can't be stored in a dictionary.
ClickHouse supports:

e Built-in dictionaries with a specific set of functions.

e Plug-in (external) dictionaries with a set of functions.

External Dictionaries

You can add your own dictionaries from various data sources. The data source for a dictionary can be a local text or
executable file, an HTTP(s) resource, or another DBMS. For more information, see "Sources for external dictionaries".

ClickHouse:

o Fully or partially stores dictionaries in RAM.

o Periodically updates dictionaries and dynamically loads missing values. In other words, dictionaries can be loaded
dynamically.



The configuration of external dictionaries is located in one or more files. The path to the configuration is specified in the
dictionaries_config parameter.

Dictionaries can be loaded at server startup or at first use, depending on the dictionaries_lazy_load setting.

The dictionary configuration file has the following format:

<yandex>
<comment>An optional element with any content. Ignored by the ClickHouse server.</comment>

<!--Optional element. File name with substitutions-->
<include_from>/etc/metrika.xml</include_from>

<dictionary>

<!-- Dictionary configuration. -->

<!-- There can be any number of <dictionary> sections in the configuration file. -->
</dictionary>

</yandex>
You can configure any number of dictionaries in the same file.

A\ Attention

You can convert values for a small dictionary by describingitina SELECT query (see the transform function). This functionality is not related to
external dictionaries.

Seealso

¢ Functions for Working with External Dictionaries

Configuring an External Dictionary

The dictionary configuration has the following structure:

<dictionary>
<name>dict_name</name>

<source>
<!-- Source configuration -->
</source>

<layout>
<!-- Memory layout configuration -->
</layout>

<structure>
<l-- Complex key configuration -->
</structure>

<lifetime>
<!-- Lifetime of dictionary in memory -->
</lifetime>
</dictionary>
e name - The identifier that can be used to access the dictionary. Use the characters [a-zA-Z0-9_\-].
e source — Source of the dictionary.

¢ layout — Dictionary layout in memory.

e structure — Structure of the dictionary . A key and attributes that can be retrieved by this key.



¢ lifetime — Frequency of dictionary updates.

Storing Dictionaries in Memory
There are a variety of ways to store dictionaries in memory.
We recommend flat, hashed and complex_key_hashed. which provide optimal processing speed.

Caching is not recommended because of potentially poor performance and difficulties in selecting optimal parameters.
Read more in the section "cache".

There are several ways to improve dictionary performance:

o Call the function for working with the dictionary after GROUP BY .

o Mark attributes to extract as injective. An attribute is called injective if different attribute values correspond to
different keys. So when GROUP BY uses a function that fetches an attribute value by the key, this function is
automatically taken out of GROUP BY .

ClickHouse generates an exception for errors with dictionaries. Examples of errors:

o The dictionary being accessed could not be loaded.

e Error querying a cached dictionary.
You can view the list of external dictionaries and their statuses in the system.dictionaries table.

The configuration looks like this:

<yandex>
<dictionary>

<layout>
<layout_type>
<!l-- layout settings -->

</layout_type>
</layout>

</dictionary>
</yandex>

Ways to Store Dictionaries in Memory

o flat

e hashed

e cache

e range_hashed

e complex_key_hashed
e complex_key_cache

o ip_trie
flat

The dictionary is completely stored in memory in the form of flat arrays. How much memory does the dictionary use?
The amount is proportional to the size of the largest key (in space used).

The dictionary key has the UInt64 type and the value is limited to 500,000. If a larger key is discovered when creating the



dictionary, ClickHouse throws an exception and does not create the dictionary.
All types of sources are supported. When updating, data (from a file or from a table) is read in its entirety.
This method provides the best performance among all available methods of storing the dictionary.

Configuration example:

<layout>
<flat />
</layout>

hashed

The dictionary is completely stored in memory in the form of a hash table. The dictionary can contain any number of
elements with any identifiers In practice, the number of keys can reach tens of millions of items.

All types of sources are supported. When updating, data (from a file or from a table) is read in its entirety.

Configuration example:

<layout>
<hashed />
</layout>

complex_key_hashed
This type of storage is for use with composite keys. Similar to hashed .

Configuration example:

<layout>
<complex_key_hashed />
</layout>

range_hashed

The dictionary is stored in memory in the form of a hash table with an ordered array of ranges and their corresponding
values.

This storage method works the same way as hashed and allows using date/time ranges in addition to the key, if they
appear in the dictionary.

Example: The table contains discounts for each advertiser in the format:

' 4 ! s !
+ + + + +

| advertiser id | discount start date | discount end date | amount |

[123 [ 2015-01-01 |2015-01-15 | 0.15 |

| 128 | 2015-01-16 | 2015-01-31 [0.25 |
| 456 | 2015-01-01 | 2015-01-15 [0.05 |

s s ! s !
ar ar ar ar ohd

To use a sample for date ranges, define the range_min and range_max elements in the structure.

Example:



<structure>

<id>
<name>ld</name>

</id>

<range_min>
<name>first</name>

</range_min>

<range_max>
<name>last</name>

</range_max>

To work with these dictionaries, you need to pass an additional date argument to the dictGetT function:

dictGetT('dict_name', 'attr_name', id, date)

This function returns the value for the specified id s and the date range that includes the passed date.

Details of the algorithm:

o If the id is not found or arangeis not found for the id , it returns the default value for the dictionary.
o If there are overlapping ranges, you can use any.

o If the range delimiter is NULL or aninvalid date (such as 1900-01-01 or 2039-01-01), the range is left open. The range
can be open on both sides.

Configuration example:

<yandex>
<dictionary>

<layout>
<range_hashed />
</layout>

<structure>
<id>
<name>Abcdef</name>
</id>
<range_min>
<name>StartDate</name>
</range_min>
<range_max>
<name>EndDate</name>
</range_max>
<attribute>
<name>XXXType</name>
<type>String</type>
<null_value />
</attribute>
</structure>

</dictionary>
</yandex>

cache
The dictionary is stored in a cache that has a fixed number of cells. These cells contain frequently used elements.

When searching for a dictionary, the cache is searched first. For each block of data, all keys that are not found in the
cache or are outdated are requested from the source using SELECT attrs... FROM db.table WHERE id IN (k1, k2, ...). The
received data is then written to the cache.



For cache dictionaries, the expirationlifetime of data in the cache can be set. If more time than lifetime has passed since
loading the datain a cell, the cell's value is not used, and it is re-requested the next time it needs to be used. This is the
least effective of all the ways to store dictionaries. The speed of the cache depends strongly on correct settings and the
usage scenario. A cache type dictionary performs well only when the hit rates are high enough (recommended 99% and
higher). You can view the average hit rate in the system.dictionaries table.

To improve cache performance, use a subquery with LIMIT , and call the function with the dictionary externally.
Supported sources: MySQL, ClickHouse, executable, HTTP.

Example of settings:

<layout>
<cache>
<!-- The size of the cache, in number of cells. Rounded up to a power of two. -->
<size_in_cells>1000000000</size_in_cells>
</cache>
</layout>

Set a large enough cache size. You need to experiment to select the number of cells:

1. Set some value.

2. Run queries until the cache is completely full.

3. Assess memory consumption using the system.dictionaries table.

4. Increase or decrease the number of cells until the required memory consumption is reached.

Warning

Do not use ClickHouse as a source, because it is slow to process queries with random reads.

complex_key_cache

This type of storage is for use with composite keys. Similar to cache .

ip_trie

This type of storage is for mapping network prefixes (IP addresses) to metadata such as ASN.

Example: The table contains network prefixes and their corresponding AS number and country code:

e eSS S SHESEESSS +
| prefix |asn |cca2 |

[ 202.79.32.0/20 | 17501 |[NP |
e i +

| 2620:0:870::/48 | 3856 | US |
| 2a02:6b8:1::/48 | 13238 | RU |
| 2001:db8:/32 | 65536 |ZZ |

s ' ! s
+ + + +

When using this type of layout, the structure must have a composite key.

Example:



<structure>
<key>
<attribute>
<name>prefix</name>
<type>String</type>
</attribute>
</key>
<attribute>
<name>asn</name>
<type>UInt32</type>
<null_value />
</attribute>
<attribute>
<name>cca2</name>
<type>String</type>
<null_value>??</null_value>
</attribute>

The key must have only one String type attribute that contains an allowed IP prefix. Other types are not supported yet.

For queries, you must use the same functions ( dictGetT with a tuple) as for dictionaries with composite keys:
dictGetT('dict_name', 'attr_name', tuple(ip))
The function takes either UInt32 for IPv4, or FixedString(16) for IPvé:

dictGetString(‘prefix’, 'asn’, tuple(IPv6StringToNum('2001:db8::1")))

Other types are not supported yet. The function returns the attribute for the prefix that corresponds to this IP address.
If there are overlapping prefixes, the most specific one is returned.

Datais storedin a trie . [t must completely fit into RAM.

Dictionary Updates

ClickHouse periodically updates the dictionaries. The update interval for fully downloaded dictionaries and the
invalidation interval for cached dictionaries are defined in the <lifetime> tag in seconds.

Dictionary updates (other than loading for first use) do not block queries. During updates, the old version of a dictionary
is used. If an error occurs during an update, the error is written to the server log, and queries continue using the old
version of dictionaries.

Example of settings:
<dictionary>
<lifetime>300</lifetime>
</dictionary>
Setting <lifetime> 0</lifetime> prevents updating dictionaries.

You can set a time interval for upgrades, and ClickHouse will choose a uniformly random time within this range. This is
necessary in order to distribute the load on the dictionary source when upgrading on a large number of servers.

Example of settings:



<dictionary>
<lifetime>
<min>300</min>
<max>360</max>

</lifetime>

</dictionary>
When upgrading the dictionaries, the ClickHouse server applies different logic depending on the type of source:

o Foratextfile, it checks the time of modification. If the time differs from the previously recorded time, the dictionary
is updated.

o For MyISAM tables, the time of modification is checked using a SHOW TABLE STATUS query.

¢ Dictionaries from other sources are updated every time by default.

For MySQL (InnoDB), ODBC and ClickHouse sources, you can set up a query that will update the dictionaries only if they
really changed, rather than each time. To do this, follow these steps:

o Thedictionary table must have a field that always changes when the source data is updated.

e The settings of the source must specify a query that retrieves the changing field. The ClickHouse server interprets
the query result as a row, and if this row has changed relative to its previous state, the dictionary is updated. Specify
the query in the <invalidate_query> field in the settings for thesource.

Example of settings:

<dictionary>
<odbc>

<invalidate query>SELECT update_time FROM dictionary_source where id = 1</invalidate_query>
</odbc>

</dictionary>

Sources of External Dictionaries

An external dictionary can be connected from many different sources.

The configuration looks like this:

<yandex>
<dictionary>

<source>
<source_type>
<!-- Source configuration -->
</source_type>
</source>

</dictionary>

</yandex>
The sourceis configured in the source section.

Types of sources ( source_type ):

e Localfile

o Executable file



e HTTP(s)

o DBMS
« MySQL
o ClickHouse
¢ MongoDB
e ODBC

Local File

Example of settings:

<source>
<file>
<path>/opt/dictionaries/os.tsv</path>
<format>TabSeparated</format>
</file>
</source>

Setting fields:

e path — The absolute path to the file.

o format — The file format. All the formats described in 'Formats" are supported.

Executable File

Working with executable files depends on how the dictionary is stored in memory. If the dictionary is stored using cache
and complex_key cache , ClickHouse requests the necessary keys by sending a request to the executable file's STDIN.
Otherwise, ClickHouse starts executable file and treats its output as dictionary data.

Example of settings:

<source>
<executable>
<commandx>cat /opt/dictionaries/os.tsv</command>
<format>TabSeparated</format>
</executable>
</source>

Setting fields:

e command - The absolute path to the executable file, or the file name (if the program directory is written to PATH ).

o format — The file format. All the formats described in 'Formats" are supported.

HTTP(s)

Working with an HTTP(s) server depends on how the dictionary is stored in memory. If the dictionary is stored using
cache and complex_key cache , ClickHouse requests the necessary keys by sending a request via the POST method.

Example of settings:



<source>
<http>
<url>http:/[::1])/0s.tsv</url>
<format>TabSeparated</format>
</http>
</source>

In order for ClickHouse to access an HTTPS resource, you must configure openSSL in the server configuration.
Setting fields:

e url — Thesource URL.

o format — The file format. All the formats described in 'Formats" are supported.

ODBC
You can use this method to connect any database that has an ODBC driver.

Example of settings:

<odbc>
<db>DatabaseName</db>
<table>ShemaName.TableName</table>
<connection_string>DSN=some_parameters</connection_string>
<invalidate_query>SQL_QUERY</invalidate_query>

</odbc>

Setting fields:

o db - Name of the database. Omit it if the database name is set in the <connection_string> parameters.
o table — Name of the table and schema if exists.
e connection_string — Connection string.

o invalidate_query — Query for checking the dictionary status. Optional parameter. Read more in the sectionUpdating

dictionaries.

ClickHouse receives quoting symbols from ODBC-driver and quote all settings in queries to driver, soit's necessary to
set table name accordingly to table name case in database.

If you have a problems with encodings when using Oracle, see the corresponding FAQ article.

Known vulnerability of the ODBC dictionary functionality

Attention

When connecting to the database through the ODBC driver connection parameter Servername can be substituted. In this case values of
USERNAME and PASSWORD from odbc.ini are sent to the remote server and can be compromised.

Example of insecure use

Let's configure unixODBC for PostgreSQL. Content of /etc/odbc.ini :



[gregtest]

Driver = /usr/lib/psqglodbca.so
Servername = localhost
PORT = 5432

DATABASE = test_db
##OPTION = 3

USERNAME = test
PASSWORD = test

If you then make a query such as

SELECT * FROM odbc('DSN=gregtest;Servername=some-server.com’, 'test_db');

ODBC driver will send values of USERNAME and PASSWORD from odbc.ini to some-server.com .
Example of Connecting PostgreSQL
Ubuntu OS.

Installing unixODBC and the ODBC driver for PostgreSQL.:

sudo apt-get install -y unixodbc odbcinst odbc-postgresql

Configuring /etc/odbc.ini (or ~/.odbc.ini ):

[DEFAULT]
Driver = myconnection

[myconnection]

Description = PostgreSQL connection to my_db
Driver = PostgreSQL Unicode
Database =my_db
Servername =127.0.0.1
UserName = username
Password = password

Port =5432

Protocol =68

ReadOnly =No
RowVersioning =No
ShowSystemTables = No
ConnSettings =

The dictionary configuration in ClickHouse:



<yandex>
<dictionary>
<name>table_name</name>
<source>
<odbc>
<!-- You can specify the following parameters in connection_string: -->
<!-- DSN=myconnection;UID=username;PWD=password;HOST=127.0.0.1;PORT=5432;DATABASE=my_db -->
<connection_string>DSN=myconnection</connection_string>
<table>postgresql_table</table>
</odbc>
</source>
<lifetime>
<min>300</min>
<max>360</max>
</lifetime>
<layout>
<hashed/>
</layout>
<structure>
<id>
<name>id</name>
</id>
<attribute>
<name>some_column</name>
<type>UInt64</type>
<null_value>0</null_value>
</attribute>
</structure>
</dictionary>
</yandex>

You may need to edit odbc.ini to specify the full path to the library with the driver DRIVER=/usr/local/libo/psglodbcw.so .
Example of Connecting MS SQL Server
Ubuntu OS.

Installing the driver: :

sudo apt-get install tdsodbc freetds-bin sqsh

Configuring the driver: :



$ cat /etc/freetds/freetds.conf

[MSSQL]

host = 192.168.56.101
port = 1433

tds version = 7.0
client charset = UTF-8

$ cat /etc/odbcinst.ini

[FreeTDS]

Description = FreeTDS

Driver = /ust/lib/x86_64-linux-gnu/odbc/libtdsodbc.so
Setup = /usr/lib/x86_64-linux-gnu/odbc/libtdsS.so
FileUsage = 1

UsageCount =5

$ cat ~/.odbc.ini

[MSSQL]

Description = FreeTDS
Driver = FreeTDS
Servername = MSSQL
Database =test

uiD =test

PWD = test

Port =1433

Configuring the dictionary in ClickHouse:

<yandex>
<dictionary>
<name>test</name>
<source>
<odbc>
<table>dict</table>
<connection_string>DSN=MSSQL;UID=test;PWD=test</connection_string>
</odbc>
</source>

<lifetime>
<min>300</min>
<max>360</max>

</lifetime>

<layout>
<flat />
</layout>

<structure>
<id>
<name>k</name>
</id>
<attribute>
<name>s</name>
<type>String</type>
<null_value></null_value>
</attribute>
</structure>
</dictionary>
</yandex>

DBMS

MySQL



Example of settings:

<source>
<mysql>
<port>3306</port>
<user>clickhouse</user>
<password>qwerty</password>
<replica>
<host>example01-1</host>
<priority>1</priority>
</replica>
<replica>
<host>example01-2</host>
<priority>1</priority>
</replica>
<db>db_name</db>
<table>table_name</table>
<where>id=10</where>
<invalidate_query>SQL_QUERY</invalidate_query>
</mysql>
</source>

Setting fields:

e port — The port on the MySQL server. You can specify it for all replicas, or for each one individually (inside<replica> ).
o user — Name of the MySQL user. You can specify it for all replicas, or for each one individually (inside <replica> ).

e password — Password of the MySQL user. You can specify it for all replicas, or for each one individually (inside

<replica> ).
e replica — Section of replica configurations. There can be multiple sections.
e replica/host — The MySQL host.

* replica/priority — The replica priority. When attempting to connect, ClickHouse traverses the replicas in order of
priority. The lower the number, the higher the priority.

e db - Name of the database.
o table — Name of the table.
o where - The selection criteria. Optional parameter.

o invalidate_query — Query for checking the dictionary status. Optional parameter. Read more in the sectionUpdating
dictionaries.

MySQL can be connected on a local host via sockets. To do this, set host and socket .

Example of settings:

<source>
<mysql>
<host>localhost</host>
<socket>/path/to/socket/file.sock</socket>
<user>clickhouse</user>
<password>qwerty</password>
<db>db_name</db>
<table>table_name</table>
<where>id=10</where>
<invalidate_query>SQL_QUERY</invalidate_query>
</mysql>
</source>

ClickHouse

Example of settings:



<source>
<clickhouse>
<host>example01-01-1</host>
<port>9000</port>
<user>default</user>
<password></password>
<db>default</db>
<table>ids</table>
<where>id=10</where>
</clickhouse>
</source>

Setting fields:

e host — The ClickHouse host. If it is a local host, the query is processed without any network activity. To improve fault
tolerance, you can create a Distributed table and enter it in subsequent configurations.

e port — The port on the ClickHouse server.

o user — Name of the ClickHouse user.

e password — Password of the ClickHouse user.

o db — Name of the database.

o table — Name of the table.

o where - The selection criteria. May be omitted.

e invalidate_query - Query for checking the dictionary status. Optional parameter. Read more in the sectionUpdating
dictionaries.

MongoDB

Example of settings:

<source>
<mongodb>
<host>localhost</host>
<port>27017</port>
<user></user>
<password></password>
<db>test</db>
<collection>dictionary_source</collection>
</mongodb>
</source>

Setting fields:

e host — The MongoDB host.

e port — The port on the MongoDB server.

o user — Name of the MongoDB user.

e password — Password of the MongoDB user.
e db - Name of the database.

o collection — Name of the collection.

Dictionary Key and Fields
The <structure> clause describes the dictionary key and fields available for queries.

Overall structure:



<dictionary>
<structure>
<id>
<name>ld</name>
</id>

<attribute>
<!-- Attribute parameters -->
</attribute>

</structure>
</dictionary>

Columns are described in the structure:

o <id> —Key column.

e <attribute> — Data column. There can be a large number of columns.

Key
ClickHouse supports the following types of keys:

o Numeric key. UInt64. Defined in the tag <id> .

o Composite key. Set of values of different types. Defined in the tag <key> .

A structure can contain either <id> or <key> .

Warning

The key doesn't need to be defined separately in attributes.

Numeric Key
Format: Ulnt64 .

Configuration example:

<id>
<name>ld</name>
</id>

Configuration fields:
e name - The name of the column with keys.
Composite Key

The key can be a tuple from any types of fields. Thelayout in this case must be complex_key hashed or

complex_key_cache .

O Tip

A composite key can consist of a single element. This makes it possible to use a string as the key, for instance.

The key structureis set in the element <key> . Key fields are specified in the same format as the dictionaryattributes.
Example:



<structure>
<key>

<attribute>
<namex>field1</name>
<type>String</type>

</attribute>

<attribute>
<name>field2</name>
<type>UInt32</type>

</attribute>

</key>

For a query to the dictGet* function, a tupleis passed as the key. Example: dictGetString('dict_name', 'attr_name', tuple('string
for field1', num_for_field2)) .

Attributes

Configuration example:

<structure>

<attribute>
<name>Name</name>
<type>Type</type>
<null_value></null_value>
<expression>rand64()</expression>
<hierarchical>true</hierarchical>
<injective>true</injective>
<is_object_id>true</is_object_id>

</attribute>

</structure>

Configuration fields:



Tag Description Required
name Column name. Yes

type Column type. Yes
Sets the method for interpreting data in the source. For example, for MySQL, the field might be  TEXT,
VARCHAR , or BLOB in the source table, but it can be uploaded as String .

null_value Default value for a non-existing element. Yes
In the example, it is an empty string.

expression Expression that ClickHouse executes on the value. No
The expression can be a column name in the remote SQL database. Thus, you can use it for creating an alias
for the remote column.

Default value: no expression.

hierarchical Hierarchical support. Mirrored to the parent identifier. No

Default value: false .

injective Flag that shows whether the id -> attribute image is injective. No
If true , then you can optimize the GROUP BY clause.

Default value: false .

is_object_id Flag that shows whether the query is executed for a MongoDB document by  ObjectID . No

Default value: false .

Internal dictionaries

ClickHouse contains a built-in feature for working with a geobase.

This allows you to:

Use aregion's ID to get its name in the desired language.
o Usearegion's ID to get the ID of acity, area, federal district, country, or continent.
o Check whether a region is part of another region.

o Getachain of parent regions.

All the functions support "translocality," the ability to simultaneously use different perspectives on region ownership.
For more information, see the section "Functions for working with Yandex.Metrica dictionaries".

The internal dictionaries are disabled in the default package. To enable them, uncomment the parameters
path_to_regions_hierarchy_file and path_to_regions_names_files in the server configuration file.

The geobase is loaded from text files.

Place the regions_hierarchy*.txt filesinto the path_to_regions_hierarchy_file directory. This configuration parameter must
contain the path to the regions_hierarchy.ixt file (the default regional hierarchy), and the other files
( regions_hierarchy_ua.txt ) must be located in the same directory.

Put the regions_names_*.txt filesin the path_to_regions_names_files directory.

You can also create these files yourself. The file format is as follows:



regions_hierarchy*.txt : TabSeparated (no header), columns:

region ID ( UInt32)

e parentregion ID (UInt32)

region type ( UInt8 ): 1 - continent, 3 - country, 4 - federal district, 5 - region, 6 - city; other types don't have values

e population ( UInt32 ) — optional column
regions_names_*.txt : TabSeparated (no header), columns:

e region|D ( UInt32)

e region name ( String ) — Can't contain tabs or line feeds, even escaped ones.
A flat array is used for storing in RAM. For this reason, IDs shouldn't be more than a million.

Dictionaries can be updated without restarting the server. However, the set of available dictionaries is not updated. For
updates, the file modification times are checked. If a file has changed, the dictionary is updated. The interval to check for
changes is configured in the builtin_dictionaries_reload_interval parameter. Dictionary updates (other than loading at first
use) do not block queries. During updates, queries use the old versions of dictionaries. If an error occurs during an
update, the error is written to the server log, and queries continue using the old version of dictionaries.

We recommend periodically updating the dictionaries with the geobase. During an update, generate new files and write
them to a separate location. When everything is ready, rename them to the files used by the server.

There are also functions for working with OS identifiers and Yandex.Metrica search engines, but they shouldn't be used.
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WRIZFTARNFEE ELSEc Fa) , MEKAMEFE NULL

{8 transform BEFAZFEF NULL

EREERN

s1 | s2 — It EEEL concat(si, s2)

Bl Lambda EEZ
X -> expr — WRERZL lambda(x, expr)

ETROZXEREFENEELFRES KBNS

Bl

x1,..] - XWRERER array(x1, ...)

elETd

(x1,x2,...) — WRIRE tuple(x2, x2, ...)

FIEBMEIRIRIERNERIRLES, B0, 1+2+3 R¥EMRAL plus(plus(1,2), 8) ,» FTLA , BEHMBISIRILAIHARI A K — 1%,
{540 , SELECT 4 >2>3 HILEERE0,

ATEM, and Fl or RWIFEEZS S, —EHK AND M OR TENFRICHRMEIT MY BRI,

FIRT 2 Jo NULL
ClickHouse z#F IS NULL #0 IS NOT NULL ,
IS NULL

o 3¥F Nullable 2£EI891E , ISNULL &IR[E] :
o 1 1{EJ NULL
o 0 &M

o WFHEMAERAME , ISNULL 2KIRE] 0



:) SELECT x+100 FROM t_null WHERE y IS NULL

SELECT x + 100
FROM t_null
WHERE isNull(y)

r—plus(x, 100)—
| 101 |
| ]

1 rows in set. Elapsed: 0.002 sec.

IS NOT NULL

o X4F Nullable Z2EIF{E , 1S NOT NULL &IR[E :
e 0 {EJ9 NULL
o 1 E\U“J

o WFHEMZERIA{E , ISNOTNULL BEIRE 1

:) SELECT * FROM t_null WHERE y IS NOT NULL
SELECT *

FROM t_null
WHERE isNotNull(y)

(X T/
| 23]

1 rows in set. Elapsed: 0.002 sec.

Syntax

There are two types of parsers in the system: the full SQL parser (a recursive descent parser), and the data format parser
(a fast stream parser). In all cases except the INSERT query, only the full SQL parser is used. The INSERT query uses
both parsers:

INSERT INTO t VALUES (1, 'Hello, world"), (2, ‘abc), (3, 'def’)

The INSERT INTO t VALUES fragment is parsed by the full parser, and the data (1, 'Hello, world"), (2, 'abc'), (3, 'def') is parsed
by the fast stream parser. You can also turn on the full parser for the data by using the
input_format_values_interpret_expressions setting. When input_format_values_interpret_expressions = 1, ClickHouse first
tries to parse values with the fast stream parser. If it fails, ClickHouse tries to use the full parser for the data, treating it
like an SQL expression.

Data can have any format. When a query is received, the server calculates no more thanmax_query_size bytes of the
request in RAM (by default, 1 MB), and the rest is stream parsed. This means the system doesn't have problems with
large INSERT queries, like MySQL does.

When using the Values formatinan INSERT query, it may seem that data is parsed the same as expressionsin a
SELECT query, but thisis not true. The Values formatis much more limited.

Next we will cover the full parser. For more information about format parsers, see the Formats section.

Spaces

There may be any number of space symbols between syntactical constructions (including the beginning and end of a



query). Space symbols include the space, tab, line feed, CR, and form feed.

Comments

SQL-style and C-style comments are supported. SQL-style comments: from -- to the end of the line. The space after --
can be omitted. Comments in C-style: from /* to */. These comments can be multiline. Spaces are not required here,
either.

Keywords

Keywords (such as SELECT ) are not case-sensitive. Everything else (column names, functions, and so on), in contrast to
standard SQL, is case-sensitive.

Keywords are not reserved (they are just parsed as keywords in the corresponding context). If you useidentifiers the
same as the keywords, enclose them into quotes. For example, the query SELECT "FROM" FROM table_name is valid if the
table table name has column with the name "FROM" .

Identifiers
Identifiers are:

o Cluster, database, table, partition and column names.
e Functions.
o Datatypes.

e Expression aliases.
Identifiers can be quoted or non-quoted. It is recommended to use non-quoted identifiers.

Non-quoted identifiers must match the regex [a-zA-Z ][0-9a-zA-Z_]*$ and can not be equal to keywords. Examples: x, 1,
Xy 7123 .

If you want to use identifiers the same as keywords or you want to use other symbols in identifiers, quote it using double
quotes or backticks, for example, "id", id" .

Literals

There are: numeric, string, compound and NULL literals.
Numeric

A numeric literal tries to be parsed:

o First as a 64-bit signed number, using thestrtoull function.
o If unsuccessful, as a 64-bit unsigned number, using thestrtoll function.
o |If unsuccessful, as a floating-point number using thestrtod function.

o Otherwise, an error is returned.

The corresponding value will have the smallest type that the value fits in. For example, 1 is parsed as UInt8 , but 256 is
parsed as UInt16 . For more information, see Data types.

Examples: 1, 18446744073709551615, OxXDEADBEEF, 01, 0.1, 1e100, -1e-100, inf, nan.

String


https://en.cppreference.com/w/cpp/string/byte/strtoul
https://en.cppreference.com/w/cpp/string/byte/strtol
https://en.cppreference.com/w/cpp/string/byte/strtof

Only string literals in single quotes are supported. The enclosed characters can be backslash-escaped. The following
escape sequences have a corresponding special value: \b, \f, \r, \n, \t, \0, \a, \v, \xHH . In all other cases, escape
sequences in the format \c, where c is any character, are converted to c . This means that you can use the sequences
\"and \\. The value will have the String type.

The minimum set of characters that you need to escape in string literals: ' and \. Single quote can be escaped with the
single quote, literals 'lt\'s' and 'lt"s' are equal.

Compound

Constructions are supported for arrays: [1, 2, 3] and tuples: (1, 'Hello, world!, 2) .. Actually, these are not literals, but
expressions with the array creation operator and the tuple creation operator, respectively. An array must consist of at
least one item, and a tuple must have at least two items. Tuples have a special purpose for use in the IN clause of a
SELECT query. Tuples can be obtained as the result of a query, but they can't be saved to a database (with the
exception of Memory tables).

NULL
Indicates that the value is missing.
In order to store NULL in a table field, it must be of theNullable type.

Depending on the data format (input or output), NULL may have a different representation. For more information, see
the documentation for data formats.

There are many nuances to processing NULL . For example, if at least one of the arguments of a comparison operation is
NULL , the result of this operation will also be NULL . The same is true for multiplication, addition, and other operations.
For more information, read the documentation for each operation.

In queries, you can check NULL using the|S NULL and IS NOT NULL operators and the related functions isNull and
isNotNull .
Functions

Functions are written like an identifier with a list of arguments (possibly empty) in brackets. In contrast to standard SQL,
the brackets are required, even for an empty arguments list. Example: now() . There are regular and aggregate functions
(see the section "Aggregate functions"). Some aggregate functions can contain two lists of arguments in brackets.
Example: quantile (0.9) (x) . These aggregate functions are called "parametric” functions, and the arguments in the first
list are called "parameters". The syntax of aggregate functions without parameters is the same as for regular functions.

Operators

Operators are converted to their corresponding functions during query parsing, taking their priority and associativity
into account. For example, the expression 1 + 2 * 3 + 4 is transformed to plus(plus(1, multiply(2, 3)), 4) .

Data Types and Database Table Engines

Data types and table engines in the CREATE query are written the same way as identifiers or functions. In other words,
they may or may not contain an arguments list in brackets. For more information, see the sections "Data types," "Table
engines," and "CREATE".

Expression Aliases

An alias is a user-defined name for an expression in a query.



expr AS alias

e AS — The keyword for defining aliases. You can define the alias for a table name or a column name in a SELECT
clause without using the AS keyword.

For example, SELECT table_name_alias.column_name FROM table_name table_name_alias .

In the CAST function, the AS keyword has another meaning. See the description of the function.
e expr —Any expression supported by ClickHouse.

For example, SELECT column_name * 2 AS double FROM some_table .
o alias — Name for expr . Aliases should comply with theidentifiers syntax.

For example, SELECT "table t".column_name FROM table_name AS "table t" .
Notes on Usage

Aliases are global for a query or subquery and you can define an alias in any part of a query for any expression. For
example, SELECT (1 ASn)+2,n.

Aliases are not visible in subqueries and between subqueries. For example, while executing the query SELECT (SELECT
sum(b.a) + num FROM b) - a.a AS num FROM a ClickHouse generates the exception Unknown identifier: num .

If an alias is defined for the result columns in the SELECT clause of a subquery, these columns are visible in the outer
query. For example, SELECT n + m FROM (SELECT 1 ASn,2 ASm) .

Be careful with aliases that are the same as column or table names. Let's consider the following example:

CREATE TABLE t
(

a Int,
b Int

)
ENGINE = TinyLog()

SELECT
argMax(a, b),
sum(b) AS b

FROM t

Received exception from server (version 18.14.17):

Code: 184. DB::Exception: Received from localhost:9000, 127.0.0.1. DB::Exception: Aggregate function sum(b) is found inside another aggregate
function in query.

In this example, we declared table t with column b . Then, when selecting data, we defined the sum(b) AS b alias. As
aliases are global, ClickHouse substituted the literal b in the expression argMax(a, b) with the expression sum(b) . This
substitution caused the exception.

Asterisk

Ina SELECT query, an asterisk can replace the expression. For more information, see the section "SELECT".

Expressions

An expression is a function, identifier, literal, application of an operator, expression in brackets, subquery, or asterisk. It
can also contain an alias. A list of expressions is one or more expressions separated by commas. Functions and
operators, in turn, can have expressions as arguments.



Operations

Requirements

CPU

For installation from prebuilt deb packages, use a CPU with x86_64 architecture and support for SSE 4.2 instructions. To
run ClickHouse with processors that do not support SSE 4.2 or have AArch64 or PowerPC64LE architecture, you should
build ClickHouse from sources.

ClickHouse implements parallel data processing and uses all the hardware resources available. When choosing a
processor, take into account that ClickHouse works more efficiently at configurations with a large number of cores but a
lower clock rate than at configurations with fewer cores and a higher clock rate. For example, 16 cores with 2600 MHz is
preferable to 8 cores with 3600 MHz.

Use of Turbo Boost and hyper-threading technologies is recommended. It significantly improves performance with a
typical load.

RAM

We recommend to use a minimum of 4GB of RAM in order to perform non-trivial queries. The ClickHouse server can run
with a much smaller amount of RAM, but it requires memory for processing queries.

The required volume of RAM depends on:

e The complexity of queries.

o« The amount of data that is processed in queries.

To calculate the required volume of RAM, you should estimate the size of temporary data forGROUP BY, DISTINCT, JOIN
and other operations you use.

ClickHouse can use external memory for temporary data. See GROUP BY in External Memory for details.

Swap File

Disable the swap file for production environments.

Storage Subsystem
You need to have 2GB of free disk space to install ClickHouse.
The volume of storage required for your data should be calculated separately. Assessment should include:

¢ Estimation of the data volume.

You can take a sample of the data and get the average size of a row from it. Then multiply the value by the number
of rows you plan to store.

o The data compression coefficient.
To estimate the data compression coefficient, load a sample of your data into ClickHouse and compare the actual

size of the data with the size of the table stored. For example, clickstream data is usually compressed by 6-10 times.

To calculate the final volume of data to be stored, apply the compression coefficient to the estimated data volume. If
you plan to store data in several replicas, then multiply the estimated volume by the number of replicas.



Network
If possible, use networks of 10G or higher class.

The network bandwidth is critical for processing distributed queries with a large amount of intermediate data. In
addition, network speed affects replication processes.

Software

ClickHouse is developed for the Linux family of operating systems. The recommended Linux distribution is Ubuntu. The
tzdata package should be installed in the system.

ClickHouse can also work in other operating system families. See details in theGetting started section of the
documentation.

Monitoring

You can monitor:

o Utilization of hardware resources.

o ClickHouse server metrics.

Resource Utilization
ClickHouse does not monitor the state of hardware resources by itself.
Itis highly recommended to set up monitoring for:

o Load and temperature on processors.
You can use dmesg, turbostat or other instruments.

o Utilization of storage system, RAM and network.

ClickHouse Server Metrics

ClickHouse server has embedded instruments for self-state monitoring.

To track server events use server logs. See the logger section of the configuration file.
ClickHouse collects:

o Different metrics of how the server uses computational resources.

o Common statistics on query processing.
You can find metrics in the system.metrics, system.events, and system.asynchronous_metrics tables.

You can configure ClickHouse to export metrics to Graphite. See the Graphite section in the ClickHouse server
configuration file. Before configuring export of metrics, you should set up Graphite by following their official guide
https://graphite.readthedocs.io/en/latest/install.html.

Additionally, you can monitor server availability through the HTTP API. Send the HTTP GET request to /. If the server is
available, it responds with 200 OK .

To monitor servers in a cluster configuration, you should set themax_replica_delay_for_distributed_queries parameter
and use the HTTP resource /replicas-delay . A request to /replicas-delay returns 200 OK if the replica is available and is not


https://en.wikipedia.org/wiki/Dmesg
https://www.linux.org/docs/man8/turbostat.html
https://github.com/graphite-project

delayed behind the other replicas. If a replica is delayed, it returns information about the gap.

Troubleshooting

¢ Installation
o Connecting to the server
¢ Query processing

o Efficiency of query processing

Installation
You Cannot Get Deb Packages from ClickHouse Repository With apt-get

o Check firewall settings.

o If you cannot access the repository for any reason, download packages as described in theGetting started article
and install them manually using the sudo dpkg -i <packages> command. You will also need the tzdata package.

Connecting to the Server
Possibleissues:

e Theserveris not running.

o Unexpected or wrong configuration parameters.
Server Is Not Running
Check if server is runnnig

Command:

sudo service clickhouse-server status

If the server is not running, start it with the command:

sudo service clickhouse-server start

Check logs
The main log of clicknouse-server is in /var/log/clicknouse-server/clickhouse-server.log by default.
If the server started successfully, you should see the strings:

e <Information> Application: starting up. — Server started.

e <Information> Application: Ready for connections. — Server is running and ready for connections.

If clickhouse-server start failed with a configuration error, you should see the <Error> string with an error description. For
example:

2019.01.11 15:23:25.549505 [ 45 ] {} <Error> ExternalDictionaries: Failed reloading 'event2id' external dictionary: Poco::Exception. Code: 1000,
e.code() = 111, e.displayText() = Connection refused, e.what() = Connection refused

If you don't see an error at the end of the file, look through the entire file starting from the string:



<Information> Application: starting up.
If you try to start a second instance of clickhouse-server on the server, you see the following log:

2019.01.11 15:25:11.151730 [ 1 ] {} <Information> : Starting ClickHouse 19.1.0 with revision 54413

2019.01.11 15:25:11.154578 [ 1 ] {} <Information> Application: starting up

2019.01.11 15:25:11.156361 [ 1] {} <Information> StatusFile: Status file ./status already exists - unclean restart. Contents:
PID: 8510

Started at: 2019-01-11 15:24:23

Revision: 54413

2019.01.11 15:25:11.156673 [ 1] {} <Error> Application: DB::Exception: Cannot lock file ./status. Another server instance in same directory is
already running.
2019.01.11 15:25:11.156682 [ 1] {} <Information> Application: shutting down

2019.01.11 15:25:11.156686 [ 1 ] {} <Debug> Application: Uninitializing subsystem: Logging Subsystem
2019.01.11 15:25:11.156716 [ 2] {} <Information> BaseDaemon: Stop SignalListener thread

See system.d logs

If you don't find any useful information in clickhouse-server logs or there aren't any logs, you can view system.d logs using
the command:

sudo journalctl -u clickhouse-server

Start clickhouse-server in interactive mode

sudo -u clickhouse /usr/bin/clickhouse-server --config-file /etc/clickhouse-server/config.xml

This command starts the server as an interactive app with standard parameters of the autostart script. In this mode
clickhouse-server prints all the event messages in the console.

Configuration Parameters
Check:

o Docker settings.
If you run ClickHouse in Docker in an IPv6 network, make sure that network=host is set.
¢ Endpoint settings.
Check listen_host and tcp_port settings.
ClickHouse server accepts localhost connections only by default.
o HTTP protocol settings.
Check protocol settings for the HTTP API.
e Secure connection settings.
Check:
o Thetcp_port_secure setting.
o Settings for SSL sertificates.
Use proper parameters while connecting. For example, use the port_secure parameter with clickhouse_client .
o User settings.

You might be using the wrong user name or password.

Query Processing

If ClickHouse is not able to process the query, it sends an error description to the client. In the clickhouse-client you get a



description of the error in the console. If you are using the HTTP interface, ClickHouse sends the error description in the
response body. For example:

$ curl 'http://localhost:8123/' --data-binary "SELECT a"

Code: 47, e.displayText() = DB::Exception: Unknown identifier: a. Note that there are no tables (FROM clause) in your query, context:
required_names: 'a' source_tables: table_aliases: private_aliases: column_aliases: public_columns: 'a’ masked_columns: array_join_columns:
source_columns: , e.what() = DB::Exception

If you start clickhouse-client with the stack-trace parameter, ClickHouse returns the server stack trace with the description
of an error.

You might see a message about a broken connection. In this case, you can repeat the query. If the connection breaks
every time you perform the query, check the server logs for errors.
Efficiency of Query Processing

If you see that ClickHouse is working too slowly, you need to profile the load on the server resources and network for
your queries.

You can use the clickhouse-benchmark utility to profile queries. It shows the number of queries processed per second,
the number of rows processed per second, and percentiles of query processing times.

Usage Recommendations

CPU

The SSE 4.2 instruction set must be supported. Modern processors (since 2008) support it.

When choosing a processor, prefer a large number of cores and slightly slower clock rate over fewer cores and a higher
clock rate. For example, 16 cores with 2600 MHz is better than 8 cores with 3600 MHz.

Hyper-threading

Don't disable hyper-threading. It helps for some queries, but not for others.

Turbo Boost

Turbo Boost is highly recommended. It significantly improves performance with a typical load. You can use turbostat to
view the CPU's actual clock rate under a load.

CPU Scaling Governor

Always use the performance scaling governor. The on-demand scaling governor works much worse with constantly high
demand.

echo 'performance’ | sudo tee /sys/devices/system/cpu/cpu*/cpufreqg/scaling_governor

CPU Limitations

Processors can overheat. Use dmesg to see if the CPU's clock rate was limited due to overheating. The restriction can
also be set externally at the datacenter level. You can use turbostat to monitor it under a load.



RAM

For small amounts of data (up to \~200 GB compressed), it is best to use as much memory as the volume of data. For
large amounts of data and when processing interactive (online) queries, you should use a reasonable amount of RAM
(128 GB or more) so the hot data subset will fit in the cache of pages. Even for data volumes of \~50 TB per server, using
128 GB of RAM significantly improves query performance compared to 64 GB.

Swap File

Always disable the swap file. The only reason for not doing this is if you are using ClickHouse on your personal laptop.

Huge Pages

Always disable transparent huge pages. It interferes with memory allocators, which leads to significant performance
degradation.

echo 'never' | sudo tee /sys/kernel/mm/transparent_hugepage/enabled

Use perf top to watch the time spent in the kernel for memory management. Permanent huge pages also do not need to
be allocated.

Storage Subsystem
If your budget allows you to use SSD, use SSD. If not, use HDD. SATA HDDs 7200 RPM will do.

Give preference to a lot of servers with local hard drives over a smaller number of servers with attached disk shelves. But
for storing archives with rare queries, shelves will work.

RAID

When using HDD, you can combine their RAID-10, RAID-5, RAID-6 or RAID-50. For Linux, software RAID is better (with
mdadm ). We don't recommend using LVM. When creating RAID-10, select the far layout. If your budget allows, choose
RAID-10.

If you have more than 4 disks, use RAID-6 (preferred) or RAID-50, instead of RAID-5. When using RAID-5, RAID-6 or
RAID-50, always increase stripe_cache_size, since the default value is usually not the best choice.

echo 4096 | sudo tee /sys/block/md2/md/stripe_cache_size

Calculate the exact number from the number of devices and the block size, using the formula: 2 * num_devices *
chunk_size_in_bytes / 4096 .

A block size of 1025 KB is sufficient for all RAID configurations. Never set the block size too small or too large.
You can use RAID-0 on SSD. Regardless of RAID use, always use replication for data security.

Enable NCQ with along queue. For HDD, choose the CFQ scheduler, and for SSD, choose noop. Don't reduce the
‘'readahead’ setting. For HDD, enable the write cache.

File System

Ext4 is the most reliable option. Set the mount options noatime, nobarrier . XFS is also suitable, but it hasn't been as
thoroughly tested with ClickHouse. Most other file systems should also work fine. File systems with delayed allocation
work better.



Linux Kernel

Don't use an outdated Linux kernel.

Network

If you are using IPv6, increase the size of the route cache. The Linux kernel prior to 3.2 had a multitude of problems with
IPv6 implementation.

Use at least a 10 GB network, if possible. 1 Gb will also work, but it will be much worse for patching replicas with tens of
terabytes of data, or for processing distributed queries with a large amount of intermediate data.

ZooKeeper

You are probably already using ZooKeeper for other purposes. You can use the same installation of ZooKeeper, if itisn't
already overloaded.

It's best to use a fresh version of ZooKeeper - 3.4.9 or later. The version in stable Linux distributions may be outdated.

You should never use manually written scripts to transfer data between different ZooKeeper clusters, because the result
will be incorrect for sequential nodes. Never use the "zkcopy" utility for the same reason:
https://github.com/ksprojects/zkcopy/issues/15

If you want to divide an existing ZooKeeper cluster into two, the correct way is to increase the number of its replicas and
then reconfigure it as two independent clusters.

Do not run ZooKeeper on the same servers as ClickHouse. Because ZooKeeper is very sensitive for latency and
ClickHouse may utilize all available system resources.

With the default settings, ZooKeeper is a time bomb:

The ZooKeeper server won't delete files from old snapshots and logs when using the default configuration (see
autopurge), and this is the responsibility of the operator.

This bomb must be defused.
The ZooKeeper (3.5.1) configuration below is used in the Yandex.Metrica production environment as of May 20, 2017:

zoo.cfg:



## http://hadoop.apache.org/zookeeper/docs/current/zookeeperAdmin.html

## The number of milliseconds of each tick
tickTime=2000

## The number of ticks that the initial

## synchronization phase can take

initLimit=30000

## The number of ticks that can pass between

## sending a request and getting an acknowledgement
syncLimit=10

maxClientCnxns=2000

maxSessionTimeout=60000000

## the directory where the snapshot is stored.

dataDir=/opt/zookeeper/{{ cluster['name’] }}/data

## Place the datalLogDir to a separate physical disc for better performance
datalLogDir=/opt/zookeeper/{{ cluster['name’] }}/logs

autopurge.snapRetainCount=10
autopurge.purgelnterval=1

## To avoid seeks ZooKeeper allocates space in the transaction log file in

## blocks of preAllocSize kilobytes. The default block size is 64M. One reason
## for changing the size of the blocks is to reduce the block size if snapshots
## are taken more often. (Also, see snapCount).

preAllocSize=131072

## Clients can submit requests faster than ZooKeeper can process them,

## especially if there are a lot of clients. To prevent ZooKeeper from running

## out of memory due to queued requests, ZooKeeper will throttle clients so that
## there is no more than globalOutstandingLimit outstanding requests in the

## system. The default limit is 1,000.ZooKeeper logs transactions to a

#1# transaction log. After snapCount transactions are written to a log file a

## snapshot is started and a new transaction log file is started. The default

## snapCount is 10,000.

snapCount=3000000

## If this option is defined, requests will be will logged to a trace file named
## traceFile.year.month.day.
#ittraceFile=

## Leader accepts client connections. Default value is "yes". The leader machine
## coordinates updates. For higher update throughput at thes slight expense of
## read throughput the leader can be configured to not accept clients and focus
## on coordination.

leaderServes=yes

standaloneEnabled=false
dynamicConfigFile=/etc/zookeeper-{{ cluster['name’] }}/conf/zoo.cfg.dynamic

Java version:

Java(TM) SE Runtime Environment (build 1.8.0_25-b17)
Java HotSpot(TM) 64-Bit Server VM (build 25.25-b02, mixed mode)

JVM parameters:



NAME=zookeeper-{{ cluster['name’] }}
ZOOCFGDIR=/etc/$NAME/conf

## TODO this is really ugly
## How to find out, which jars are needed?
## seems, that log4j requires the log4j.properties file to be in the classpath

CLASSPATH="$ZOOCFGDIR:/usr/build/classes:/usr/build/lib/*.jar:/usr/share/zookeeper/zookeeper-3.5.1-metrika.jar:/usr/share/zookeeper/slf4j-
log4j12-1.7.5.jar:/usr/share/zookeeper/slf4j-api-1.7.5.jar:/usr/share/zookeeper/serviet-api-2.5-20081211.jar:/usr/share/zookeeper/netty-
3.7.0.Final.jar:/usr/share/zookeeper/log4j-1.2.16.jar:/usr/share/zookeeper/jline-2.11.jar:/usr/share/zookeeper/jetty-util-
6.1.26.jar:/usr/share/zookeeper/jetty-6.1.26.jar:/usr/share/zookeeper/javacc.jar:/usr/share/zookeeper/jackson-mapper-asl-
1.9.11.jar:/usr/share/zookeeper/jackson-core-asl-1.9.11.jar:/usr/share/zookeeper/commons-cli-1.2.jar:/usr/src/java/lib/*.jar:/usr/etc/zookeeper”

ZOOCFG="$ZO0OCFGDIR/z00.cfg"
Z0O_LOG_DIR=/var/log/$NAME
USER=zookeeper
GROUP=zookeeper
PIDDIR=/var/run/$NAME
PIDFILE=$PIDDIR/$NAME .pid
SCRIPTNAME-=/etc/init.d/$NAME
JAVA=/usr/bin/java
ZOOMAIN="org.apache.zookeeper.server.quorum.QuorumPeerMain"
Z0O_LOG4J_PROP="INFO,ROLLINGFILE"
JMXLOCALONLY=false
JAVA_OPTS="-Xms{{ cluster.get(’xms','”128M') }} \
-Xmx{{ cluster.get(’xmx',"1G") }} \
-Xloggc:/var/log/$SNAME/zookeeper-gc.log \
-XX:+UseGCLogFileRotation \
-XX:NumberOfGCLogFiles=16 \
-XX:GCLogFileSize=16M \
-verbose:gc \
-XX:+PrintGCTimeStamps \
-XX:+PrintGCDateStamps \
-XX:+PrintGCDetails
-XX:+PrintTenuringDistribution \
-XX:+PrintGCApplicationStoppedTime \
-XX:+PrintGCApplicationConcurrentTime \
-XX:+PrintSafepointStatistics \
-XX:+UseParNewGC \
-XX:+UseConcMarkSweepGC \
-XX:+CMSParallelIRemarkEnabled"

Saltinit:

description "zookeeper-{{ cluster['name'] }} centralized coordination service

start on runlevel [2345]
stop on runlevel [12345]

respawn
limit nofile 8192 8192

pre-start script
[ -r "/etc/zookeeper-{{ cluster['name'] }}/conf/environment" ] || exit O
. letc/zookeeper-{{ cluster['name'] }}/conf/environment
[-d $ZO0_LOG_DIR ] || mkdir -p $ZOO_LOG_DIR
chown $USER:$GROUP $ZO0O_LOG_DIR
end script

script
. letc/zookeeper-{{ cluster['name'] }}/conf/environment
[ -r /etc/default/zookeeper | && . /etc/default/zookeeper
if [ -z "$JMXDISABLE" |; then

JAVA_OPTS="$JAVA_OPTS -Dcom.sun.management.jmxremote -Dcom.sun.management.jmxremote.local.only=$JMXLOCALONLY"

fi

exec start-stop-daemon --start -c SUSER --exec $JAVA --name zookeeper-{{ cluster['name" }} \
-- -cp $CLASSPATH $JAVA_OPTS -Dzookeeper.log.dir=${ZOO_LOG_DIR}\
-Dzookeeper.root.logger=${ZO0O_LOG4J_PROP} $ZOOMAIN $ZOOCFG

end script



ClickHouse Update

If ClickHouse was installed from deb packages, execute the following commands on the server:

sudo apt-get update
sudo apt-get install clickhouse-client clickhouse-server
sudo service clickhouse-server restart

If you installed ClickHouse using something other than the recommended deb packages, use the appropriate update
method.

ClickHouse does not support a distributed update. The operation should be performed consecutively on each separate
server. Do not update all the servers on a cluster simultaneously, or the cluster will be unavailable for some time.

Access Rights
Users and access rights are set up in the user config. This is usually users.xml .

Users are recorded in the users section. Here is a fragment of the users.xml file:



<!l-- Users and ACL. -->
<users>
<!-- If the user name is not specified, the 'default' user is used. -->
<default>
<!l-- Password could be specified in plaintext or in SHA256 (in hex format).

If you want to specify password in plaintext (not recommended), place it in '‘password' element.
Example: <password>qwerty</password>.
Password could be empty.

If you want to specify SHA256, place it in 'password_sha256_hex' element.
Example:
<password_sha256_hex>65e84be33532fb784c48129675f9eff3a682b27168c0ea744b2cf58ee02337c5</password_sha256_hex>

How to generate decent password:
Execute: PASSWORD=$(base64 < /dev/urandom | head -c8); echo "$PASSWORD"; echo -n "$PASSWORD" | sha256sum | tr -d '-'
In first line will be password and in second - corresponding SHA256.

=5

<password></password>

<!-- A list of networks that access is allowed from.
Each list item has one of the following forms:
<ip> The IP address or subnet mask. For example: 198.51.100.0/24 or 2001:DB8::/32.
<host> Host name. For example: example01. A DNS query is made for verification, and all addresses obtained are compared with the
address of the customer.
<host_regexp> Regular expression for host names. For example, “example\d\d-\d\d-\d\.yandex\.ru$
To check it, a DNS PTR request is made for the client's address and a regular expression is applied to the result.
Then another DNS query is made for the result of the PTR query, and all received address are compared to the client address.
We strongly recommend that the regex ends with \.yandex\.ru$.

If you are installing ClickHouse yourself, specify here:
<networks>
<ip>::/0</ip>
</networks>
-—>

<networks incl="networks" />

<!-- Settings profile for the user. -->
<profile>default</profile>

<!-- Quota for the user. -->
<quota>default</quota>
</default>

<!-- For requests from the Yandex.Metrica user interface via the API for data on specific counters. -->
<web>

<password></password>

<networks incl="networks" />

<profile>web</profile>

<quota>default</quota>

<allow_databases>

<database>test</database>

</allow_databases>

</web>

You can see a declaration from two users: default and web . We added the web user separately.

The default user is chosen in cases when the username is not passed. The default user is also used for distributed query
processing, if the configuration of the server or cluster doesn't specify the user and password (see the section on the
Distributed engine).

The user that is used for exchanging information between servers combined in a cluster must not have substantial
restrictions or quotas — otherwise, distributed queries will fail.

The password is specified in clear text (not recommended) or in SHA-256. The hash isn't salted. In this regard, you should
not consider these passwords as providing security against potential malicious attacks. Rather, they are necessary for
protection from employees.



A list of networks is specified that access is allowed from. In this example, the list of networks for both users is loaded
from a separate file ( /etc/metrika.xml ) containing the networks substitution. Here is a fragment of it:

<yandex>

<networks>
<ip>::/64</ip>
<ip>203.0.113.0/24</ip>
<ip>2001:DB8::/32</ip>

</networks>
</yandex>

You could define this list of networks directly in users.xml , or in a file in the users.d directory (for more information, see
the section "Configuration files").

The config includes comments explaining how to open access from everywhere.

For use in production, only specify ip elements (IP addresses and their masks), since using host and hoost_regexp might
cause extra latency.

Next the user settings profile is specified (see the section "Settings profiles"). You can specify the default profile,

default' . The profile can have any name. You can specify the same profile for different users. The most important thing
you can write in the settings profile is readonly=1 , which ensures read-only access. Then specify the quota to be used
(see the section "Quotas"). You can specify the default quota: default . It is set in the config by default to only count
resource usage, without restricting it. The quota can have any name. You can specify the same quota for different users
- in this case, resource usage is calculated for each user individually.

In the optional <allow_databases> section, you can also specify a list of databases that the user can access. By default, all
databases are available to the user. You can specify the default database. In this case, the user will receive access to the
database by default.

Access to the system database is always allowed (since this database is used for processing queries).

The user can get a list of all databases and tables in them by using SHOW queries or system tables, even if access to
individual databases isn't allowed.

Database access is not related to thereadonly setting. You can't grant full access to one database and readonly access
to another one.

Data Backup

While replication provides protection from hardware failures, it does not protect against human errors: accidental
deletion of data, deletion of the wrong table or a table on the wrong cluster, and software bugs that result in incorrect
data processing or data corruption. In many cases mistakes like these will affect all replicas. ClickHouse has built-in
safeguards to prevent some types of mistakes — for example, by default you can't just drop tables with a MergeTree-
like engine containing more than 50 Gb of data. However, these safeguards don't cover all possible cases and can be
circumvented.

In order to effectively mitigate possible human errors, you should carefully prepare a strategy for backing up and
restoring your data in advance.

Each company has different resources available and business requirements, so there's no universal solution for
ClickHouse backups and restores that will fit every situation. What works for one gigabyte of data likely won't work for
tens of petabytes. There are a variety of possible approaches with their own pros and cons, which will be discussed
below. It is a good idea to use several approaches instead of just one in order to compensate for their various
shortcomings.


https://github.com/yandex/ClickHouse/blob/v18.14.18-stable/dbms/programs/server/config.xml#L322-L330

2 Note

Keep in mind that if you backed something up and never tried to restore it, chances are that restore will not work properly when you actually
need it (or at least it will take longer than business can tolerate). So whatever backup approach you choose, make sure to automate the restore
process as well, and practice it on a spare ClickHouse cluster regularly.

Duplicating Source Data Somewhere Else

Often data that isingested into ClickHouse is delivered through some sort of persistent queue, such asApache Kafka. In
this case it is possible to configure an additional set of subscribers that will read the same data stream while it is being
written to ClickHouse and store it in cold storage somewhere. Most companies already have some default
recommended cold storage, which could be an object store or a distributed filesystem like HDFS.

Filesystem Snapshots

Some local filesystems provide snapshot functionality (for example, ZFS), but they might not be the best choice for
serving live queries. A possible solution is to create additional replicas with this kind of filesystem and exclude them
from the Distributed tables that are used for SELECT queries. Snapshots on such replicas will be out of reach of any
queries that modify data. As a bonus, these replicas might have special hardware configurations with more disks
attached per server, which would be cost-effective.

clickhouse-copier

clickhouse-copier is a versatile tool that was initially created to re-shard petabyte-sized tables. It can also be used for
backup and restore purposes because it reliably copies data between ClickHouse tables and clusters.

For smaller volumes of data, a simple INSERT INTO ... SELECT ... to remote tables might work as well.

Manipulations with Parts

ClickHouse allows using the ALTER TABLE ... FREEZE PARTITION ... query to create a local copy of table partitions. This is
implemented using hardlinks to the /var/lib/clickhouse/shadow/ folder, so it usually does not consume extra disk space for
old data. The created copies of files are not handled by ClickHouse server, so you can just leave them there: you will have
a simple backup that doesn't require any additional external system, but it will still be prone to hardware issues. For this
reason, it's better to remotely copy them to another location and then remove the local copies. Distributed filesystems
and object stores are still a good options for this, but normal attached file servers with a large enough capacity might
work as well (in this case the transfer will occur via the network filesystem or maybe rsync).

For more information about queries related to partition manipulations, see the ALTER documentation.

A third-party tool is available to automate this approach: clickhouse-backup.

Configuration Files

The main server config file is config.xml . It resides in the /etc/clickhouse-server/ directory.

Individual settings can be overridden in the *.xml and *.conf filesinthe conf.d and config.d directories next to the config
file.

The replace or remove attributes can be specified for the elements of these config files.

If neither is specified, it combines the contents of elements recursively, replacing values of duplicate children.


https://kafka.apache.org
https://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
https://en.wikipedia.org/wiki/ZFS
https://en.wikipedia.org/wiki/Rsync
https://github.com/AlexAkulov/clickhouse-backup

If replace is specified, it replaces the entire element with the specified one.
If remove is specified, it deletes the element.

The config can also define "substitutions". If an element has the incl attribute, the corresponding substitution from the
file will be used as the value. By default, the path to the file with substitutions is /etc/metrika.xml . This can be changed in
theinclude_from element in the server config. The substitution values are specified in /yandex/substitution_name elements
in this file. If a substitution specified in incl does not exist, it is recorded in the log. To prevent ClickHouse from logging
missing substitutions, specify the optional="true" attribute (for example, settings formacros
server_settings/settings.md)).

Substitutions can also be performed from ZooKeeper. To do this, specify the attribute from_zk = "/path/to/node" . The
element value is replaced with the contents of the node at /path/to/node in ZooKeeper. You can also put an entire XML
subtree on the ZooKeeper node and it will be fully inserted into the source element.

The config.xml file can specify a separate config with user settings, profiles, and quotas. The relative path to this config
is setin the 'users_config' element. By default, it is users.xml . If users_config is omitted, the user settings, profiles, and
quotas are specified directly in config.xml .

In addition, users_config may have overrides in files from the users_config.d directory (for example, users.d ) and
substitutions. For example, you can have separate config file for each user like this:

$ cat /etc/clickhouse-server/users.d/alice.xml
<yandex>
<users>
<alice>
<profile>analytics</profile>
<networks>
<ip>::/0</ip>
</networks>
<password_sha256_hex>...</password_sha256_hex>
<quota>analytics</quota>
</alice>
</users>
</yandex>

For each config file, the server also generates file-preprocessed.xml files when starting. These files contain all the
completed substitutions and overrides, and they are intended for informational use. If ZooKeeper substitutions were
used in the config files but ZooKeeper is not available on the server start, the server loads the configuration from the
preprocessed file.

The server tracks changes in config files, as well as files and ZooKeeper nodes that were used when performing
substitutions and overrides, and reloads the settings for users and clusters on the fly. This means that you can modify
the cluster, users, and their settings without restarting the server.

Quotas

Quotas allow you to limit resource usage over a period of time, or simply track the use of resources. Quotas are set up in
the user config. This is usually ‘users.xml'.

The system also has a feature for limiting the complexity of a single query. See the section "Restrictions on query
complexity").

In contrast to query complexity restrictions, quotas:

o Placerestrictions on a set of queries that can be run over a period of time, instead of limiting a single query.

o Account for resources spent on all remote servers for distributed query processing.



Let's look at the section of the 'users.xml' file that defines quotas.

<!-- Quotas -->
<quotas>
<!-- Quota name. -->
<default>
<!-- Restrictions for a time period. You can set many intervals with different restrictions. -->
<interval>
<l-- Length of the interval. -->
<duration>3600</duration>

<!-- Unlimited. Just collect data for the specified time interval. -->
<queries>0</queries>
<errors>0</errors>
<result_rows>0</result_rows>
<read_rows>0</read_rows>
<execution_time>0</execution_time>
</interval>
</default>

By default, the quota just tracks resource consumption for each hour, without limiting usage. The resource consumption
calculated for each interval is output to the server log after each request.

<statbox>

<!-- Restrictions for a time period. You can set many intervals with different restrictions. -->
<interval>

<!-- Length of the interval. -->
<duration>3600</duration>

<queries>1000</queries>

<errors>100</errors>

<result_rows>1000000000</result_rows>

<read_rows>100000000000</read_rows>

<execution_time>900</execution_time>
</interval>

<interval>
<duration>86400</duration>

<queries>10000</queries>
<errors>1000</errors>
<result_rows>5000000000</result_rows>
<read_rows>500000000000</read_rows>
<execution_time>7200</execution_time>
</interval>
</statbox>

For the 'statbox' quota, restrictions are set for every hour and for every 24 hours (86,400 seconds). The time interval is
counted starting from an implementation-defined fixed moment in time. In other words, the 24-hour interval doesn't
necessarily begin at midnight.

When the interval ends, all collected values are cleared. For the next hour, the quota calculation starts over.
Here are the amounts that can be restricted:

queries — The total number of requests.

errors — The number of queries that threw an exception.

result_rows — The total number of rows given as the result.

read_rows — The total number of source rows read from tables for running the query, on all remote servers.
execution_time - The total query execution time, in seconds (wall time).

If the limit is exceeded for at least one time interval, an exception is thrown with a text about which restriction was



exceeded, for which interval, and when the new interval begins (when queries can be sent again).

Quotas can use the "quota key" feature in order to report on resources for multiple keys independently. Here is an
example of this:

<!-- For the global reports designer. -->
<web_global>
<!l-- keyed — The quota_key "key" is passed in the query parameter,
and the quota is tracked separately for each key value.
For example, you can pass a Yandex.Metrica username as the key,
so the quota will be counted separately for each username.
Using keys makes sense only if quota_key is transmitted by the program, not by a user.

You can also write <keyed_by_ip /> so the IP address is used as the quota key.
(But keep in mind that users can change the IPv6 address fairly easily.)
-—>

<keyed />

The quotais assigned to users in the 'users' section of the config. See the section "Access rights".

For distributed query processing, the accumulated amounts are stored on the requestor server. So if the user goes to
another server, the quota there will "start over".

When the server is restarted, quotas are reset.

System tables

System tables are used for implementing part of the system's functionality, and for providing access to information
about how the system is working. You can't delete a system table (but you can perform DETACH). System tables don't
have files with data on the disk or files with metadata. The server creates all the system tables when it starts. System
tables are read-only. They are located in the 'system' database.

system.asynchronous_metrics
Contains metrics which are calculated periodically in background. For example, the amount of RAM in use.
Columns:

e metric (String) — Metric's name.

o value (Float64) — Metric's value.

Example

SELECT * FROM system.asynchronous_metrics LIMIT 10

r—metric T value—
| jemalloc.background_thread.run_interval | 0|

| jemalloc.background_thread.num_runs | 0|
| jemalloc.background_thread.num_threads | 0|
| jemalloc.retained | 422551552 |

| jemalloc.mapped | 1682989056 |

| jemalloc.resident | 1656446976 |

| jemalloc.metadata_thp | 0|

| jemalloc.metadata | 10226856 |

| UncompressedCacheCells | 0|

| MarkCacheFiles | 0

See Also



Monitoring — Base concepts of ClickHouse monitoring.
system.metrics — Contains instantly calculated metrics.

system.events — Contains a number of happened events.

system.clusters

Contains information about clusters available in the config file and the servers in them. Columns:

cluster String  — The cluster name.

shard_num UInt32 — The shard number in the cluster, starting from 1.
shard_weight UInt32 — The relative weight of the shard when writing data.
replica_num UInt32 — The replica number in the shard, starting from 1.
host_name String — The host name, as specified in the config.

String host_address — The host IP address obtained from DNS.

port UInt16 — The port to use for connecting to the server.

user String — The name of the user for connecting to the server.

system.columns

Contains information about the columns in all the tables.

You can use this table to get information similar to theDESCRIBE TABLE query, but for multiple tables at once.

The system.columns table contains the following columns (the type of the corresponding column is shown in brackets):

database (String) — Database name.
table (String) — Table name.

name (String) — Column name.

type (String) — Column type.

default_kind (String) — Expression type ( DEFAULT , MATERIALIZED , ALIAS ) for the default value, or an empty string if
itis not defined.

default_expression (String) — Expression for the default value, or an empty string if it is not defined.
data_compressed_bytes (UInt64) — The size of compressed data, in bytes.

data_uncompressed_bytes (UInt64) — The size of decompressed data, in bytes.

marks_bytes (UInt64) — The size of marks, in bytes.

comment (String) — The comment about column, or an empty string if it is not defined.
is_in_partition_key (UInt8) — Flag that indicates whether the column is in partition expression.
is_in_sorting_key (UInt8) — Flag that indicates whether the column is in sorting key expression.
is_in_primary_key (UInt8) — Flag that indicates whether the column is in primary key expression.

is_in_sampling_key (UInt8) — Flag that indicates whether the column is in sampling key expression.

system.databases

This table contains a single String column called 'name’ — the name of a database. Each database that the server knows

about has a corresponding entry in the table. This system table is used for implementing the SHOW DATABASES query.

system.detached_parts

Contains information about detached parts of MergeTree tables. The reason column specifies why the part was
detached. For user-detached parts, the reason is empty. Such parts can be attached with ALTER TABLE ATTACH



PARTITION|PART command. For the description of other columns, seesystem.parts.

system.dictionaries
Contains information about external dictionaries.
Columns:

e name String — Dictionary name.

o type String — Dictionary type: Flat, Hashed, Cache.

o origin String — Path to the configuration file that describes the dictionary.

o attribute.names Array(String) — Array of attribute names provided by the dictionary.

o atiribute.types Array(String) — Corresponding array of attribute types that are provided by the dictionary.
o has_hierarchy UInt8 — Whether the dictionary is hierarchical.

e bytes_allocated UInté4 — The amount of RAM the dictionary uses.

e hit_rate Floaté4 — For cache dictionaries, the percentage of uses for which the value was in the cache.

e element_count UInte4 — The number of items stored in the dictionary.

e load_factor Floaté4 — The percentage full of the dictionary (for a hashed dictionary, the percentage filled in the hash
table).

o creation_time DateTime — The time when the dictionary was created or last successfully reloaded.

o last_exception String — Text of the error that occurs when creating or reloading the dictionary if the dictionary
couldn't be created.

e source String — Text describing the data source for the dictionary.

Note that the amount of memory used by the dictionary is not proportional to the number of items stored in it. So for
flat and cached dictionaries, all the memory cells are pre-assigned, regardless of how full the dictionary actually is.

system.events

Contains information about the number of events that have occurred in the system. For example, in the table, you can
find how many SELECT queries are processed from the moment of ClickHouse server start.

Columns:

e event (String) — Event name.
o value (UInt64) — Count of events occurred.

e description (String) — Description of an event.

Example

SELECT * FROM system.events LIMIT 5



r—event r—value—r—description

| Query | 12 | Number of queries started to be interpreted and maybe executed. Does not include queries that are failed
to parse, that are rejected due to AST size limits; rejected due to quota limits or limits on number of simultaneously running queries. May include
internal queries initiated by ClickHouse itself. Does not count subqueries. |

| SelectQuery | 8| Same as Query, but only for SELECT queries.
| FileOpen | 78| Number of files opened.
| ReadBufferFromFileDescriptorRead | 155 | Number of reads (read/pread) from a file descriptor. Does not include sockets.

| ReadBufferFromFileDescriptorReadBytes | 9931 | Number of bytes read from file descriptors. If the file is compressed, this will show

compressed data size. |
l I

See Also

e system.asynchronous_metrics — Contains periodically calculated metrics.
e system.metrics — Contains instantly calculated metrics.

e Monitoring — Base concepts of ClickHouse monitoring.

system.functions
Contains information about normal and aggregate functions.
Columns:

¢ name ( String ) — The name of the function.

e is_aggregate ( UInt8 ) — Whether the function is aggregate.

system.graphite_retentions
Contains information about parameters graphite_rollup which use in tables with *GraphiteMergeTree engines.
Columns:

e config_name (String) - graphite_rollup parameter name.

o regexp (String) - A pattern for the metric name.

e function (String) - The name of the aggregating function.

e age (UInt64) - The minimum age of the data in seconds.

o precision (UInt64) - How precisely to define the age of the data in seconds.

o priority (UInt16) - Pattern priority.

e is_default (UInt8) - Is pattern default or not.

e Tables.database (Array(String)) - Array of databases names of tables, which use config_name parameter.

e Tables.table (Array(String)) - Array of tables names, which use config_name parameter.

system.merges
Contains information about merges and part mutations currently in process for tables in the MergeTree family.
Columns:

e database String — The name of the database the tableisin.



e table String — Table name.

e elapsed Floaté4 — The time elapsed (in seconds) since the merge started.

e progress Floaté4 — The percentage of completed work from 0 to 1.

e num_paris UInt64 — The number of pieces to be merged.

e result_part_name String — The name of the part that will be formed as the result of merging.
e is_mutation UInt8 - 1 if this process is a part mutation.

o total_size bytes_compressed UInt64 — The total size of the compressed data in the merged chunks.
o total_size_marks UInt64 — The total number of marks in the merged parts.

e bytes_read_uncompressed UInté4 — Number of bytes read, uncompressed.

e rows_read UInte4 — Number of rows read.

o Dbytes_written_uncompressed UInt64 — Number of bytes written, uncompressed.

o rows_written UInté4 — Number of lines rows written.

system.metrics

Contains metrics which can be calculated instantly, or have an current value. For example, a number of simultaneously
processed queries, the current value for replica delay. This table is always up to date.

Columns:

e metric (String) — Metric's name.
e value (Int64) — Metric's value.

o description (String) — Description of the metric.

Example

SELECT * FROM system.metrics LIMIT 10

r—metric r—Vvalue—r—description

| Query | 1| Number of executing queries

I Merge | 0 | Number of executing background merges

I PartMutation | 0| Number of mutations (ALTER DELETE/UPDATE)

I ReplicatedFetch | 0 | Number of data parts fetching from replica

I ReplicatedSend | 0 | Number of data parts sending to replicas

I ReplicatedChecks | 0| Number of data parts checking for consistency

I BackgroundPoolTask | 0 | Number of active tasks in BackgroundProcessingPool (merges, mutations, fetches or replication queue
bookkeeping) |

| BackgroundSchedulePoolTask | 0 | Number of active tasks in BackgroundSchedulePool. This pool is used for periodic tasks of
ReplicatedMergeTree like cleaning old data parts, altering data parts, replica re-initialization, etc. |

| DiskSpaceReservedForMerge | 0 | Disk space reserved for currently running background merges. It is slightly more than total size of
currently merging parts. |
| DistributedSend | 0| Number of connections sending data, that was INSERTed to Distributed tables, to remote servers. Both

synchronous and asynchronous mode. |
l

See Also

o system.asynchronous_metrics — Contains periodically calculated metrics.



e system.events — Contains a umber of happened events.

e Monitoring — Base concepts of ClickHouse monitoring.

system.numbers

This table contains a single UInt64 column named 'number’ that contains almost all the natural numbers starting from
zero. You can use this table for tests, or if you need to do a brute force search. Reads from this table are not parallelized.

system.numbers_mt

The same as 'system.numbers' but reads are parallelized. The numbers can be returned in any order. Used for tests.

system.one

This table contains a single row with a single 'dummy’ UInt8 column containing the value 0. This table is used if a SELECT
query doesn't specify the FROM clause. This is similar to the DUAL table found in other DBMSs.

system.parts
Contains information about parts of MergeTree tables.
Each row describes one part of the data.
Columns:
¢ partition (String) - The partition name. To learn what a partition is, see the description of theALTER query.
Formats: - YYYYMM for automatic partitioning by month. - any_string when partitioning manually.

¢ name (String) - Name of the data part.

¢ active (UInt8) - Indicates whether the part is active. If a part is active, it is used in a table; otherwise, it will be deleted.
Inactive data parts remain after merging.

o marks (UInt64) - The number of marks. To get the approximate number of rows in a data part, multiplymarks by the
index granularity (usually 8192).

o marks_size (UInt64) — The size of the file with marks.
o rows (UInt64) - The number of rows.
¢ bytes (UInt64) - The number of bytes when compressed.

« modification_time (DateTime) - The modification time of the directory with the data part. This usually corresponds
to the time of data part creation.|

¢ remove_time (DateTime) — The time when the data part became inactive.

o refcount (UInt32) - The number of places where the data part is used. A value greater than 2 indicates that the data
part is used in queries or merges.

o min_date (Date) - The minimum value of the date key in the data part.

o max_date (Date) - The maximum value of the date key in the data part.

¢ min_block_number (UInt64) - The minimum number of data parts that make up the current part after merging.
o max_block_number (UInt64) - The maximum number of data parts that make up the current part after merging.
¢ level (UInt32) - Depth of the merge tree. If a merge was not performed, level=0 .

o primary_key_bytes_in_memory (UInt64) - The amount of memory (in bytes) used by primary key values.



o primary_key_bytes_in_memory_allocated (UInt64) - The amount of memory (in bytes) reserved for primary key
values.

o database (String) - Name of the database.
o table (String) - Name of the table.
¢ engine (String) - Name of the table engine without parameters.

o is_frozen (UInt8) - Flag that shows partition data backup existence. 1, the backup exists. 0, the backup doesn't exist.
For more details, see FREEZE PARTITION

system.part_log
The system.part_log table is created only if the part_log server setting is specified.

This table contains information about the events that occurred with thedata parts in the MergeTree family tables. For
instance, adding or merging data.

The system.part_log table contains the following columns:

event_type (Enum) — Type of the event that occurred with the data part. Can have one of the following values:
NEW_PART —inserting, MERGE_PARTS — merging, DOWNLOAD_PART — downloading, REMOVE_PART —
removing or detaching using DETACH PARTITION, MUTATE_PART — updating.

e event _date (Date) — Event date.

¢ event time (DateTime) — Event time.

e duration_ms (UInt64) — Duration.

¢ database (String) — Name of the database the data partisin.
o table (String) — Name of the table the data partisin.

e part_name (String) — Name of the data part.

e partition_id (String) — ID of the partition that the data part was inserted to. The column takes the 'all' value if the
partitioning is by tuple() .

e rows (UInt64) — The number of rows in the data part.
e size in_bytes (UInt64) — Size of the data part in bytes.

e merged_from (Array(String)) — An array of names of the parts which the current part was made up from (after the
merge).

e bytes uncompressed (UInt64) — Size of uncompressed bytes.

o read_rows (UInt64) — The number of rows was read during the merge.
o read_bytes (UInt64) — The number of bytes was read during the merge.
e error (UInt16) — The code number of the occurred error.

e exception (String) — Text message of the occurred error.

The system.part_log tableis created after the first inserting data to the MergeTree table.

system.processes

This system table is used for implementing the SHOW PROCESSLIST query. Columns:



user String — Name of the user who made the request. For distributed query processing, this is the user who helped the requestor server
send the query to this server, not the user who made the distributed request on the requestor server.

address String - The IP address the request was made from. The same for distributed processing.
elapsed Float64 - The time in seconds since request execution started.
rows_read UInt64 - The number of rows read from the table. For distributed processing, on the requestor server, this is the total for all

remote servers.

bytes_read UInt64 - The number of uncompressed bytes read from the table. For distributed processing, on the requestor server, this is the
total for all remote servers.

total_rows_approx UInt64 - The approximation of the total number of rows that should be read. For distributed processing, on the requestor server,
this is the total for all remote servers. It can be updated during request processing, when new sources to process become known.

memory_usage UInt64 - How much memory the request uses. It might not include some types of dedicated memory.
query String - The query text. For INSERT, it doesn't include the data to insert.
query_id String - Query ID, if defined.

system.query_log

Contains information about queries execution. For each query, you can see processing start time, duration of
processing, error message and other information.

/" Note

The table doesn't contain input data for INSERT queries.

ClickHouse creates this table only if the query_log server parameter is specified. This parameter sets the logging rules.
For example, a logging interval or name of a table the queries will be logged in.

To enable query logging, set the parameter log_queries to 1. For details, see the Settings section.
The system.query_log table registers two kinds of queries:

1. Initial queries, that were run directly by the client.
2. Child queries that were initiated by other queries (for distributed query execution). For such a kind of queries,
information about the parent queries is shown in the initial_* columns.

Columns:

o type (UInt8) — Type of event that occurred when executing the query. Possible values:
e 1 —Successful start of query execution.
e 2 —Successful end of query execution.
o 3 —Exception before the start of query execution.
o 4 — Exception during the query execution.
e event date (Date) — Event date.
e event_time (DateTime) — Event time.
e query start_time (DateTime) — Time of the query processing start.
e query_duration_ms (UInt64) — Duration of the query processing.
e read _rows (UInt64) — Number of read rows.

o read_bytes (UInt64) — Number of read bytes.



written_rows (UInt64) — For INSERT queries, number of written rows. For other queries, the column value is 0.
written_bytes (UInt64) — For INSERT queries, number of written bytes. For other queries, the column value is 0.
result_rows (UInt64) — Number of rows in a result.

result_bytes (UInt64) — Number of bytes in a result.

memory_usage (Ulnt64) —Memory consumption by the query.

query (String) — Query string.

exception (String) — Exception message.

stack_trace (String) — Stack trace (a list of methods called before the error occurred). An empty string, if the query is
completed successfully.

is_initial_query (UInt8) — Kind of query. Possible values:
o 1 — Query was initiated by the client.
o 0 —Query was initiated by another query for distributed query execution.
user (String) —Name of the user initiated the current query.
query_id (String) — ID of the query.
address (FixedString(16)) — IP address the query was initiated from.
port (UInt16) — A server port that was used to receive the query.
initial_user (String) —Name of the user who run the parent query (for distributed query execution).
initial_query_id (String) — ID of the parent query.
initial_address (FixedString(16)) — IP address that the parent query was launched from.
initial_port (UInt16) — A server port that was used to receive the parent query from the client.
interface (UInt8) — Interface that the query was initiated from. Possible values:
e 1—TCP.
e 2—HTTP.
os_user (String) — User's OS.
client_hostname (String) — Server name that the clickhouse-client is connected to.
client_name (String) — The clickhouse-client name.
client_revision (UInt32) — Revision of the clickhouse-client.
client_version_major (UInt32) — Major version of the clickhouse-client.
client_version_minor (UInt32) — Minor version of the clickhouse-client.
client_version_patch (UInt32) — Patch component of theclickhouse-client version.
http_method (UInt8) — HTTP method initiated the query. Possible values:
e 0 —The query was launched from the TCP interface.
e 1— GET method is used.
e 2— POST method is used.
http_user_agent (String) — The UserAgent header passed in the HTTP request.
quota_key (String) — The quota key specified inquotas setting.
revision (UInt32) — ClickHouse revision.
thread_numbers (Array(UInt32)) — Number of threads that are participating in query execution.
ProfileEvents.Names (Array(String)) — Counters that measure the following metrics:

o Time spent on reading and writing over the network.



o Time spent onreading and writing to a disk.
o Number of network errors.
o Time spent on waiting when the network bandwidth is limited.
o ProfileEvents.Values (Array(UInt64)) — Values of metrics that are listed in the ProfileEvents.Names column.

o Settings.Names (Array(String)) — Names of settings that were changed when the client run a query. To enable
logging of settings changing, set the log_query_settings parameter to 1.

o Settings.Values (Array(String)) — Values of settings that are listed in the Settings.Names column.
Each query creates one or two rows in the query_log table, depending on the status of the query:

1. If the query execution is successful, two events with types 1 and 2 are created (see the type column).
2. If the error occurred during the query processing, two events with types 1 and 4 are created.
3. If the error occurred before the query launching, a single event with type 3 is created.
By default, logs are added into the table at intervals of 7,5 seconds. You can set this interval in thequery_log server

setting (see the flush_interval_milliseconds parameter). To flush the logs forcibly from the memory buffer into the table,
use the SYSTEM FLUSH LOGS query.

When the table is deleted manually, it will be automatically created on the fly. Note that all the previous logs will be
deleted.

/" Note

The storage period for logs is unlimited; the logs aren't automatically deleted from the table. You need to organize the removing of non-actual
logs yourself.

You can specify an arbitrary partitioning key for the system.query log table in the query_log server setting (see the
partition_by parameter).

system.replicas

Contains information and status for replicated tables residing on the local server. This table can be used for monitoring.
The table contains a row for every Replicated* table.

Example:

SELECT *

FROM system.replicas
WHERE table = 'visits'
FORMAT Vertical



Row 1:

database: merge

table: visits

engine: ReplicatedCollapsingMergeTree
is_leader: 1

is_readonly: 0

is_session_expired: 0

future_parts: 1

parts_to_check: 0

zookeeper_path:  /clickhouse/tables/01-06/visits
replica_name: example01-06-1.yandex.ru
replica_path: /clickhouse/tables/01-06/visits/replicas/example01-06-1.yandex.ru
columns_version: 9

queue_size: 1

inserts_in_queue: 0

merges_in_queue: 1

log_max_index: 596273

log_pointer: 596274

total_replicas: 2

active_replicas: 2

Columns:
database: Database name
table: Table name
engine: Table engine name
is_leader: Whether the replica is the leader.

Only one replica at a time can be the leader. The leader is responsible for selecting background merges to perform.
Note that writes can be performed to any replica that is available and has a session in ZK, regardless of whether it is a leader.

is_readonly: Whether the replica is in read-only mode.
This mode is turned on if the config doesn't have sections with ZooKeeper, if an unknown error occurred when reinitializing sessions in
ZooKeeper, and during session reinitialization in ZooKeeper.

is_session_expired: Whether the session with ZooKeeper has expired.
Basically the same as 'is_readonly'.

future_parts: The number of data parts that will appear as the result of INSERTs or merges that haven't been done yet.

parts_to_check: The number of data parts in the queue for verification.
A part is put in the verification queue if there is suspicion that it might be damaged.

zookeeper_path:  Path to table data in ZooKeeper.
replica_name: Replica name in ZooKeeper. Different replicas of the same table have different names.
replica_path: Path to replica data in ZooKeeper. The same as concatenating 'zookeeper_path/replicas/replica_path'.

columns_version: Version number of the table structure.
Indicates how many times ALTER was performed. If replicas have different versions, it means some replicas haven't made all of the ALTERSs yet.

queue_size: Size of the queue for operations waiting to be performed.
Operations include inserting blocks of data, merges, and certain other actions.
It usually coincides with 'future_parts'.

inserts_in_queue: Number of inserts of blocks of data that need to be made.
Insertions are usually replicated fairly quickly. If this number is large, it means something is wrong.

merges_in_queue: The number of merges waiting to be made.
Sometimes merges are lengthy, so this value may be greater than zero for a long time.

The next 4 columns have a non-zero value only where there is an active session with ZK.
log_max_index:  Maximum entry number in the log of general activity.
log_pointer: Maximum entry number in the log of general activity that the replica copied to its execution queue, plus one.

If log_pointer is much smaller than log_max_index, something is wrong.

total_replicas:  The total number of known replicas of this table.
active_replicas: The number of replicas of this table that have a session in ZooKeeper (i.e., the number of functioning replicas).



If you request all the columns, the table may work a bit slowly, since several reads from ZooKeeper are made for each
row. If you don't request the last 4 columns (log_max_index, log_pointer, total_replicas, active_replicas), the table works
quickly.

For example, you can check that everything is working correctly like this:

SELECT
database,
table,
is_leader,
is_readonly,
is_session_expired,
future_parts,
parts_to_check,
columns_version,
queue_size,
inserts_in_queue,
merges_in_queue,
log_max_index,
log_pointer,
total_replicas,
active_replicas
FROM system.replicas
WHERE
is_readonly
OR is_session_expired
OR future_parts > 20
OR parts_to_check > 10
OR queue_size > 20
OR inserts_in_queue > 10
OR log_max_index - log_pointer > 10
OR total_replicas < 2
OR active_replicas < total_replicas

If this query doesn't return anything, it means that everythingis fine.

system.settings

Contains information about settings that are currently in use. |.e. used for executing the query you are using to read
from the system.settings table.

Columns:

name String — Setting name.
value String — Setting value.
changed UInt8 — Whether the setting was explicitly defined in the config or explicitly changed.

Example:

SELECT *
FROM system.settings
WHERE changed

r—hame —value —changed—
| max_threads | 8 | 1]

| use_uncompressed_cache | 0 [ 1]

| load_balancing | random | 1|

| max_memory_usage | 10000000000 | 1 |
1 I

system.tables



Contains metadata of each table that the server knows about. Detached tables are not shown in system.tables .
This table contains the following columns (the type of the corresponding column is shown in brackets):

e database (String) — The name of database the tableisin.

e name (String) — Table name.

e engine (String) — Table engine name (without parameters).

o is_temporary (UInt8) - Flag that indicates whether the table is temporary.

e data_path (String) - Path to the table data in the file system.

e metadata_path (String) - Path to the table metadata in the file system.

e metadata_modification_time (DateTime) - Time of latest modification of the table metadata.
e dependencies_database (Array(String)) - Database dependencies.

o dependencies_table (Array(String)) - Table dependencies (MaterializedView tables based on the current table).
e create_table query (String) - The query that was used to create the table.

o engine_full (String) - Parameters of the table engine.

e partition_key (String) - The partition key expression specified in the table.

o sorting_key (String) - The sorting key expression specified in the table.

o primary_key (String) - The primary key expression specified in the table.

o sampling_key (String) - The sampling key expression specified in the table.

The system.tables is usedin SHOW TABLES query implementation.

system.zookeeper

The table does not exist if ZooKeeper is not configured. Allows reading data from the ZooKeeper cluster defined in the
config. The query must have a 'path' equality condition in the WHERE clause. This is the path in ZooKeeper for the
children that you want to get data for.

The query SELECT * FROM system.zookeeper WHERE path = '/clickhouse' outputs data for all children on the /clickhouse node.
To output data for all root nodes, write path ="/". If the path specified in '‘path' doesn't exist, an exception will be thrown.

Columns:

e name String — The name of the node.

e path String — The path to the node.

o value String — Node value.

e dataLength Int32 — Size of the value.

e numChildren Int32 — Number of descendants.

o czxid Inté4 — ID of the transaction that created the node.

e mzxid Inté4 — ID of the transaction that last changed the node.

o pzxid Inté4 — ID of the transaction that last deleted or added descendants.
o ctime DateTime — Time of node creation.

o mtime DateTime — Time of the last modification of the node.

o version Int32 — Node version: the number of times the node was changed.
o cversion Int32 — Number of added or removed descendants.

e aversion Int32 — Number of changes to the ACL.



o ephemeralOwner Int64 — For ephemeral nodes, the ID of hte session that owns this node.

Example:

SELECT *

FROM system.zookeeper

WHERE path = '/clickhouse/tables/01-08/visits/replicas’
FORMAT Vertical

Row 1:

name: example01-08-1.yandex.ru
value:

czxid: 932998691229

mzxid: 932998691229

ctime: 2015-03-27 16:49:51
mtime: 2015-03-27 16:49:51
version: 0

cversion: 47

aversion: 0

ephemeralOwner: 0
dataLength: 0
numChildren: 7

pzxid: 987021031383

path: /clickhouse/tables/01-08/visits/replicas
Row 2:

name: example01-08-2.yandex.ru

value:

czxid: 933002738135

mzxid: 933002738135

ctime: 2015-03-27 16:57:01

mtime: 2015-03-27 16:57:01

version: 0

cversion: 37

aversion: 0

ephemeralOwner: 0

datalLength: 0

numChildren: 7

pzxid: 987021252247

path: /clickhouse/tables/01-08/visits/replicas

system.mutations

The table contains information about mutations of MergeTree tables and their progress. Each mutation command is
represented by a single row. The table has the following columns:

database, table - The name of the database and table to which the mutation was applied.

mutation_id - The ID of the mutation. For replicated tables these IDs correspond to znode names in the
<table_path_in_zookeeper>/mutations/ directory in ZooKeeper. For unreplicated tables the IDs correspond to file names in
the data directory of the table.

command - The mutation command string (the part of the query after ALTER TABLE [db.]table ).
create_time - When this mutation command was submitted for execution.

block_numbers.partition_id, block_numbers.number - A Nested column. For mutations of replicated tables contains
one record for each partition: the partition ID and the block number that was acquired by the mutation (in each partition
only parts that contain blocks with numbers less than the block number acquired by the mutation in that partition will be
mutated). Because in non-replicated tables blocks numbers in all partitions form a single sequence, for mutatations of
non-replicated tables the column will contain one record with a single block number acquired by the mutation.



parts_to_do - The number of data parts that need to be mutated for the mutation to finish.

is_done - Is the mutation done? Note that even if parts_to_do = 0 it is possible that a mutation of a replicated table is not
done yet because of along-running INSERT that will create a new data part that will need to be mutated.

If there were problems with mutating some parts the following columns contain additional information:
latest_failed_part - The name of the most recent part that could not be mutated.
latest_fail_time - The time of the most recent part mutation failure.

latest_fail_reason - The exception message that caused the most recent part mutation failure.

Server configuration parameters

This section contains descriptions of server settings that cannot be changed at the session or query level.
These settings are stored in the config.xml file on the ClickHouse server.

Other settings are described in the "Settings" section.

Before studying the settings, read the Configuration files section and note the use of substitutions (the incl and optional
attributes).

Server settings

builtin_dictionaries_reload_interval
The interval in seconds before reloading built-in dictionaries.

ClickHouse reloads built-in dictionaries every x seconds. This makes it possible to edit dictionaries "on the fly" without
restarting the server.

Default value: 3600.

Example

<builtin_dictionaries_reload_interval>3600</builtin_dictionaries_reload_interval>

compression

Data compression settings.

Warning

Don't useitif you have just started using ClickHouse.

The configuration looks like this:

<compression>
<case>
<parameters/>
</case>

</compression>



You can configure multiple sections <case> .
Block field <case> :

e min_part_size — The minimum size of a table part.
e min_part_size_ratio — The ratio of the minimum size of a table part to the full size of the table.

e method — Compression method. Acceptable values: Iz4 or zstd (experimental).

ClickHouse checks min_part_size and min_part_size ratio and processes the case blocks that match these conditions. If
none of the <case> matches, ClickHouse applies the 1z4 compression algorithm.

Example

<compression incl="clickhouse_compression">
<case>
<min_part_size>10000000000</min_part_size>
<min_part_size_ratio>0.01</min_part_size_ratio>
<method>zstd</method>
</case>
</compression>

default_database
The default database.
To get alist of databases, use the SHOW DATABASES query.

Example

<default_database>default</default_database>

default_profile
Default settings profile.
Settings profiles are located in the file specified in the parameter user_config .

Example

<default_profile>default</default_profile>

dictionaries_config
The path to the config file for external dictionaries.
Path:

o Specify the absolute path or the path relative to the server config file.

e The path can contain wildcards * and ?.
See also "External dictionaries".

Example

<dictionaries_config>*_dictionary.xml</dictionaries_config>



dictionaries_lazy_load
Lazy loading of dictionaries.

If true , then each dictionary is created on first use. If dictionary creation failed, the function that was using the
dictionary throws an exception.

If false , all dictionaries are created when the server starts, and if there is an error, the server shuts down.
The defaultis true .

Example

<dictionaries_lazy_load>true</dictionaries_lazy load>

format_schema_path
The path to the directory with the schemes for the input data, such as schemas for theCapnProto format.

Example

<!-- Directory containing schema files for various input formats. -->
<format_schema_path>format_schemas/</format_schema_path>

graphite
Sending data to Graphite.
Settings:

¢ host - The Graphite server.

o port — The port on the Graphite server.

¢ interval - The interval for sending, in seconds.

o timeout - The timeout for sending data, in seconds.

o root_path - Prefix for keys.

e metrics — Sending data from a :ref: system_tables-system.metrics table.

o events - Sending data from a :ref: system_tables-system.events table.

¢ asynchronous_metrics — Sending data from a :ref: system_tables-system.asynchronous_metrics table.

You can configure multiple <graphite> clauses. For instance, you can use this for sending different data at different
intervals.

Example

<graphite>
<host>localhost</host>
<port>42000</port>
<timeout>0.1</timeout>
<interval>60</interval>
<root_path>one_min</root_path>
<metrics>true</metrics>
<events>true</events>
<asynchronous_metrics>true</asynchronous_metrics>
</graphite>


https://github.com/graphite-project

graphite_rollup
Settings for thinning data for Graphite.
For more details, see GraphiteMergeTree.

Example

<graphite_rollup_example>
<default>
<function>max</function>
<retention>
<age>0</age>
<precision>60</precision>
</retention>
<retention>
<age>3600</age>
<precision>300</precision>
</retention>
<retention>
<age>86400</age>
<precision>3600</precision>
</retention>
</default>
</graphite_rollup_example>

http_port/https_port

The port for connecting to the server over HTTP(s).

If hitps_port is specified, openSSL must be configured.

If http_port is specified, the openSSL configuration is ignored even if it is set.

Example

<https>0000</https>

http_server_default_response
The page that is shown by default when you access the ClickHouse HTTP(s) server.
Example

Opens https://tabix.io/ when accessing http://localhost: http_port .

<http_server_default_response>

<|[CDATA[<html ng-app="SMI2"><head><base href="http://ui.tabix.io/"></head><body><div ui-view="" class="content-ui"></div><script
src="http://loader.tabix.io/master.js"></script></body></html>]]>
</http_server_default_response>

include_from
The path to the file with substitutions.

For more information, see the section "Configuration files".

Example

<include_from>/etc/metrica.xml</include_from>



interserver_http_port
Port for exchanging data between ClickHouse servers.

Example

<interserver_http_port>9009</interserver_http_port>

interserver_http_host

The host name that can be used by other servers to access this server.
If omitted, it is defined in the same way as the hostname-f command.
Useful for breaking away from a specific network interface.

Example

<interserver_http_host>example.yandex.ru</interserver_http_host>

keep_alive_timeout

The number of seconds that ClickHouse waits for incoming requests before closing the connection. Defaults to 3
seconds.

Example

<keep_alive_timeout>3</keep_alive_timeout>

listen_host
Restriction on hosts that requests can come from. If you want the server to answer all of them, specify :: .

Examples:

<listen_host>::1</listen_host>
<listen_host>127.0.0.1</listen_host>

logger

Logging settings.

Keys:
¢ level - Logging level. Acceptable values: trace, debug, information, warning, error .
¢ log - Thelog file. Contains all the entries according to level .

o errorlog - Error log file.

o size — Size of the file. Applies to log and errorlog . Once the file reaches size , ClickHouse archives and renames it, and
creates a new log file in its place.

e count - The number of archived log files that ClickHouse stores.

Example



<logger>
<level>trace</level>
<log>/var/log/clickhouse-server/clickhouse-server.log</log>
<errorlog>/var/log/clickhouse-server/clickhouse-server.err.log</errorlog>
<size>1000M</size>
<count>10</count>

</logger>

Writing to the syslog is also supported. Config example:

<logger>
<use_syslog>1</use_syslog>
<syslog>
<address>syslog.remote:10514</address>
<hostname>myhost.local</hostname>
<facility>LOG_LOCAL6</facility>
<format>syslog</format>
</syslog>
</logger>

Keys:

o user_syslog — Required setting if you want to write to the syslog.
o address — The host[:nopT] of syslogd. If omitted, the local daemon is used.
¢ hostname — Optional. The name of the host that logs are sent from.

« facility — The syslog facility keyword in uppercase letters with the "LOG_" prefix: (LOG_USER, LOG_DAEMON ,
LOG _LOCAL3, and so on). Default value: LOG_USER if address is specified, LOG_DAEMON otherwise.

format — Message format. Possible values: bsd and syslog.

macros
Parameter substitutions for replicated tables.
Can be omitted if replicated tables are not used.

For more information, see the section "Creating replicated tables".

Example

<macros incl="macros" optional="true" />

mark_cache_size
Approximate size (in bytes) of the cache of "marks" used by MergeTree.
The cache is shared for the server and memory is allocated as needed. The cache size must be at least 5368709120.

Example

<mark_cache_size>5368709120</mark_cache_size>

max_concurrent_queries
The maximum number of simultaneously processed requests.

Example


https://en.wikipedia.org/wiki/Syslog#Facility

<max_concurrent_queries>100</max_concurrent_queries>

max_connections
The maximum number of inbound connections.

Example

<max_connections>4096</max_connections>

max_open_files

The maximum number of open files.

By default: maximum .

We recommend using this option in Mac OS X, since the getrlimit() function returns anincorrect value.

Example

<max_open_files>262144</max_open_files>

max_table_size_to_drop
Restriction on deleting tables.
If the size of aMergeTree table exceeds max_table size to drop (in bytes), you can't delete it using a DROP query.

If you still need to delete the table without restarting the ClickHouse server, create the <clickhouse-
path>/flags/force_drop_table file and run the DROP query.

Default value: 50 GB.
The value 0 means that you can delete all tables without any restrictions.

Example

<max_table_size_to_drop>0</max_table_size_to_drop>

merge_tree
Fine tuning for tables in the MergeTree.
For more information, see the MergeTreeSettings.h header file.

Example

<merge_tree>
<max_suspicious_broken_parts>5</max_suspicious_broken_parts>
</merge_tree>

openSSL

SSL client/server configuration.



Support for SSL is provided by the libpoco library. The interface is described in the fileSSLManager.h
Keys for server/client settings:
o privateKeyFile - The path to the file with the secret key of the PEM certificate. The file may contain a key and

certificate at the same time.

o certificateFile - The path to the client/server certificate file in PEM format. You can omit it if privateKeyFile contains
the certificate.

o caConfig - The path to the file or directory that contains trusted root certificates.

o verificationMode - The method for checking the node's certificates. Details are in the description of theContext
class. Possible values: none, relaxed, strict, once .

o verificationDepth — The maximum length of the verification chain. Verification will fail if the certificate chain length
exceeds the set value.

o loadDefaultCAFile - Indicates that built-in CA certificates for OpenSSL will be used. Acceptable values: true , false .|
e cipherList — Supported OpenSSL encryptions. For example: ALL:!ADH:ILOW:IEXP:IMD5:@STRENGTH .

o cacheSessions - Enables or disables caching sessions. Must be used in combination with sessionldContext .
Acceptable values: true, false .

o sessionldContext — A unique set of random characters that the server appends to each generated identifier. The
length of the string must not exceed SSL_MAX_SSL_SESSION_ID_LENGTH . This parameter is always recommended,
since it helps avoid problems both if the server caches the session and if the client requested caching. Default value:

${application.name} .

¢ sessionCacheSize - The maximum number of sessions that the server caches. Default value: 1024*20. 0 - Unlimited
sessions.

o sessionTimeout - Time for caching the session on the server.

o extendedVerification - Automatically extended verification of certificates after the session ends. Acceptable values:

true, false .
e requireTLSv1 - Require a TLSv1 connection. Acceptable values: true , false .
o requireTLSv1_1 - Require a TLSv1.1 connection. Acceptable values: true , false .
o requireTLSv1 - Require a TLSv1.2 connection. Acceptable values: true , false .
o fips — Activates OpenSSL FIPS mode. Supported if the library's OpenSSL version supports FIPS.

o privateKeyPassphraseHandler - Class (PrivateKeyPassphraseHandler subclass) that requests the passphrase for
accessing the private key. For example: <privateKeyPassphraseHandler> , <name>KeyFileHandler</name> , <options>

<password>test</password></options> , </privateKeyPassphraseHandler> .

« invalidCertificateHandler - Class (subclass of CertificateHandler) for verifying invalid certificates. For example:

<invalidCertificateHandler> <name>ConsoleCertificateHandler</name> </invalidCertificateHandler> .
o disableProtocols — Protocols that are not allowed to use.

o preferServerCiphers - Preferred server ciphers on the client.

Example of settings:


https://github.com/ClickHouse-Extras/poco/blob/master/NetSSL_OpenSSL/include/Poco/Net/SSLManager.h
https://github.com/ClickHouse-Extras/poco/blob/master/NetSSL_OpenSSL/include/Poco/Net/Context.h

<openSSL>
<server>
<!-- openssl req -subj "/CN=localhost" -new -newkey rsa:2048 -days 365 -nodes -x509 -keyout /etc/clickhouse-server/server.key -out
/etc/clickhouse-server/server.crt -->
<certificateFile>/etc/clickhouse-server/server.cri</certificateFile>
<privateKeyFile>/etc/clickhouse-server/server.key</privateKeyFile>
<!-- openssl dhparam -out /etc/clickhouse-server/dhparam.pem 4096 -->
<dhParamsFile>/etc/clickhouse-server/dhparam.pem</dhParamsFile>
<verificationMode>none</verificationMode>
<loadDefaultCAFile>true</loadDefaultCAFile>
<cacheSessions>true</cacheSessions>
<disableProtocols>sslv2,sslv3</disableProtocols>
<preferServerCiphers>true</preferServerCiphers>
</server>
<client>
<loadDefaultCAFile>true</loadDefaultCAFile>
<cacheSessions>true</cacheSessions>
<disableProtocols>sslv2,sslv3</disableProtocols>
<preferServerCiphers>true</preferServerCiphers>
<l-- Use for self-signed: <verificationMode>none</verificationMode> -->
<invalidCertificateHandler>
<!-- Use for self-signed: <name>AcceptCertificateHandler</name> -->
<name>RejectCertificateHandler</name>
</invalidCertificateHandler>
</client>
</openSSL>

part_log

Logging events that are associated with MergeTree. For instance, adding or merging data. You can use the log to
simulate merge algorithms and compare their characteristics. You can visualize the merge process.

Queries arelogged in the system.part_log table, not in a separate file. You can configure the name of this table in the
table parameter (see below).

Use the following parameters to configure logging:

e database — Name of the database.

o table — Name of the system table.

partition_by - Sets acustom partitioning key.

o flush_interval_milliseconds - Interval for flushing data from the buffer in memory to the table.

Example

<part_log>
<database>system</database>
<table>part_log</table>
<partition_by>toMonday(event_date)</partition_by>
<flush_interval_milliseconds>7500</flush_interval_milliseconds>
</part_log>

path

The path to the directory containing data.

2’ Note

The trailing slash is mandatory.

Example



<path>/var/lib/clickhouse/</path>

query_log
Setting for logging queries received with thelog_queries=1 setting.

Queries arelogged in the system.query_log table, not in a separate file. You can change the name of the table in the
table parameter (see below).

Use the following parameters to configure logging:

o database — Name of the database.

o table — Name of the system table the queries will be logged in.

partition_by - Sets acustom partitioning key for a system table.

o flush_interval_milliseconds - Interval for flushing data from the buffer in memory to the table.

If the table doesn't exist, ClickHouse will create it. If the structure of the query log changed when the ClickHouse server
was updated, the table with the old structure is renamed, and a new table is created automatically.

Example

<query_log>
<database>system</database>
<table>query_log</table>
<partition_by>toMonday(event_date)</partition_by>
<flush_interval_milliseconds>7500</flush_interval_milliseconds>
</query_log>
remote_servers
Configuration of clusters used by the Distributed table engine.

For more information, see the section "Table engines/Distributed".

Example

<remote_servers incl="clickhouse_remote_servers" />

For the value of the incl attribute, see the section "Configuration files".

timezone
The server's time zone.
Specified as an IANA identifier for the UTC time zone or geographic location (for example, Africa/Abidjan).

The time zone is necessary for conversions between String and DateTime formats when DateTime fields are output to
text format (printed on the screen or in a file), and when getting DateTime from a string. In addition, the time zone is
used in functions that work with the time and date if they didn't receive the time zone in the input parameters.

Example

<timezone>Europe/Moscow</timezone>

tcp_port



Port for communicating with clients over the TCP protocol.

Example

<tcp_port>9000</tcp_port>

tcp_port_secure

TCP port for secure communication with clients. Use it with OpenSSL settings.
Possible values

Positive integer.

Default value

<tcp_port_secure>9440</tcp_port_secure>

tmp_path
Path to temporary data for processing large queries.

/" Note

The trailing slash is mandatory.

Example

<tmp_path>/var/lib/clickhouse/tmp/</tmp_path>

uncompressed_cache_size
Cache size (in bytes) for uncompressed data used by table engines from the MergeTree.

There is one shared cache for the server. Memory is allocated on demand. The cache is used if the option
use_uncompressed_cacheis enabled.

The uncompressed cache is advantageous for very short queries in individual cases.

Example

<uncompressed_cache_size>8589934592</uncompressed_cache_size>

user_files_path
The directory with user files. Used in the table functionfile().

Example

<user_files_path>/var/lib/clickhouse/user_files/</user_files_path>

users_config



Path to the file that contains:

o User configurations.
o Accessrights.
e Settings profiles.

¢ Quota settings.

Example

<users_config>users.xml</users_config>

zookeeper
Contains settings that allow ClickHouse to interact with aZooKeeper cluster.

ClickHouse uses ZooKeeper for storing metadata of replicas when using replicated tables. If replicated tables are not
used, this section of parameters can be omitted.

This section contains the following parameters:

e node — ZooKeeper endpoint. You can set multiple endpoints.
For example:

xml

<node index="1">
<host>example_host</host>
<port>2181</port>

</node>

The index attribute specifies the node order when trying to connect to the ZooKeeper cluster.
o session_timeout — Maximum timeout for the client session in milliseconds.
e root — Theznode thatis used as the root for znodes used by the ClickHouse server. Optional.

o identity — User and password, that can be required by ZooKeeper to give access to requested znodes. Optional.

Example configuration

<zookeeper>
<node>
<host>example1</host>
<port>2181</port>
</node>
<node>
<host>example2</host>
<port>2181</port>
</node>
<session_timeout_ms>30000</session_timeout _ms>
<operation_timeout_ms>10000</operation_timeout_ms>
<!-- Optional. Chroot suffix. Should exist. -->
<root>/path/to/zookeeper/node</root>
<!-- Optional. Zookeeper digest ACL string. -->
<identity>user:password</identity>
</zookeeper>

See Also

¢ Replication

e ZooKeeper Programmer's Guide


http://zookeeper.apache.org/
http://zookeeper.apache.org/doc/r3.5.5/zookeeperOver.html#Nodes+and+ephemeral+nodes
http://zookeeper.apache.org/doc/current/zookeeperProgrammers.html

use_minimalistic_part_header_in_zookeeper
Storage method for data part headers in ZooKeeper.
This setting only applies to the MergeTree family. It can be specified:

o Globally in the merge_tree section of the config.xml file.

ClickHouse uses the setting for all the tables on the server. You can change the setting at any time. Existing tables
change their behavior when the setting changes.

o Foreach individual table.
When creating a table, specify the correspondingengine setting. The behavior of an existing table with this setting
does not change, even if the global setting changes.

Possible values

e 0 — Functionality is turned off.
o 1 —Functionality is turned on.
If use_minimalistic_part_header_in_zookeeper = 1, then replicated tables store the headers of the data parts compactly using

asingle znode . If the table contains many columns, this storage method significantly reduces the volume of the data
stored in Zookeeper.

Attention

After applying use_minimalistic_part_header_in_zookeeper = 1, you can't downgrade the ClickHouse server to a version that doesn't support this
setting. Be careful when upgrading ClickHouse on servers in a cluster. Don't upgrade all the servers at once. It is safer to test new versions of
ClickHouse in a test environment, or on just a few servers of a cluster.

Data part headers already stored with this setting can't be restored to their previous (non-compact) representation.

Default value: 0.

Settings

There are multiple ways to make all the settings described below. Settings are configured in layers, so each subsequent
layer redefines the previous settings.

Ways to configure settings, in order of priority:

o Settingsin the users.xml server configuration file.
Setin the element <profiles> .
o Session settings.

Send SET setting=value from the ClickHouse console client in interactive mode. Similarly, you can use ClickHouse
sessions in the HTTP protocol. To do this, you need to specify the session_id HTTP parameter.

e Query settings.
o When starting the ClickHouse console client in non-interactive mode, set the startup parameter --setting=value .

¢ When using the HTTP API, pass CGl parameters ( URL?setting_1=value&setting_2=value... ).

Settings that can only be made in the server config file are not covered in this section.

Permissions for queries



Queries in ClickHouse can be divided into several types:

1. Read data queries: SELECT, SHOW , DESCRIBE, EXISTS.

2. Write data queries: INSERT, OPTIMIZE .

3. Change settings queries: SET, USE.

4. DDL queries: CREATE, ALTER, RENAME , ATTACH , DETACH, DROP TRUNCATE .

5. KILL QUERY .
The following settings regulate user permissions by the type of query:

o readonly — Restricts permissions for all types of queries except DDL queries.

¢ allow_ddl — Restricts permissions for DDL queries.

KILL QUERY can be performed with any settings.

readonly

Restricts permissions for read data, write data and change settings queries.
See how the queries are divided into types above.

Possible values

o 0 — All queries are allowed.
¢ 1 —Onlyread data queries are allowed.

o 2 —Read data and change settings queries are allowed.
After setting readonly = 1, the user can't change readonly and allow_ddl settings in the current session.

When using the GET method inthe HTTP interface, readonly = 1 is set automatically. To modify data, use the POST
method.

Setting readonly = 1 prohibit the user from changing all the settings. There is a way to prohibit the user from changing
only specific settings, for details see constraints on settings.

Default value

0

allow_ddlI

Allows/denies DDL queries.
See how the queries are divided into types above.
Possible values

o 0 —DDL queries are not allowed.

o 1 —DDL queries are allowed.
You cannot execute SET allow _ddl =1 if allow_ddl =0 for the current session.

Default value


https://en.wikipedia.org/wiki/Data_definition_language
https://en.wikipedia.org/wiki/Data_definition_language

Restrictions on query complexity

Restrictions on query complexity are part of the settings. They are used in order to provide safer execution from the
user interface. Almost all the restrictions only apply to SELECTSs.For distributed query processing, restrictions are
applied on each server separately.

Restrictions on the "maximum amount of something" can take the value 0, which means "unrestricted". Most
restrictions also have an 'overflow_mode' setting, meaning what to do when the limit is exceeded. It can take one of two
values: throw or break . Restrictions on aggregation (group_by_overflow_mode) also have the value any .

throw — Throw an exception (default).
break — Stop executing the query and return the partial result, as if the source data ran out.

any (only for group_by_overflow_mode) — Continuing aggregation for the keys that got into the set, but don't add new keys
to the set.

readonly

With a value of 0, you can execute any queries. With a value of 1, you can only execute read requests (such as SELECT
and SHOW). Requests for writing and changing settings (INSERT, SET) are prohibited. With a value of 2, you can process
read queries (SELECT, SHOW) and change settings (SET).

After enabling readonly mode, you can't disable it in the current session.

When using the GET method in the HTTP interface, 'readonly = 1" is set automatically. In other words, for queries that
modify data, you can only use the POST method. You can send the query itself either in the POST body, or in the URL
parameter.

max_memory_usage
The maximum amount of RAM to use for running a query on a single server.
In the default configuration file, the maximum is 10 GB.

The setting doesn't consider the volume of available memory or the total volume of memory on the machine. The
restriction applies to a single query within a single server. You can use SHOW PROCESSLIST to see the current memory
consumption for each query. In addition, the peak memory consumption is tracked for each query and written to the log.

Memory usage is not monitored for the states of certain aggregate functions.

Memory usage is not fully tracked for states of the aggregate functions min, max, any, anylLast, argMin , argMax from
String and Array arguments.

Memory consumption is also restricted by the parameters max_memory_usage for_user and
max_memory_usage_for_all_queries .

max_memory_usage_for_user

The maximum amount of RAM to use for running a user's queries on a single server.

Default values are defined in Settings.h. By default, the amount is not restricted ( max_memory_usage for_user=0).

See also the description of max_memory_usage.

max_memory_usage_for_all_queries


https://github.com/yandex/ClickHouse/blob/master/dbms/src/Interpreters/Settings.h#L244

The maximum amount of RAM to use for running all queries on a single server.
Default values are defined in Settings.h. By default, the amount is not restricted ( max_memory_usage_for all_queries =0 ).

See also the description of max_memory_usage.

max_rows_to_read

The following restrictions can be checked on each block (instead of on each row). That is, the restrictions can be broken
a little. When running a query in multiple threads, the following restrictions apply to each thread separately.

Maximum number of rows that can be read from a table when running a query.

max_bytes_to_read

Maximum number of bytes (uncompressed data) that can be read from a table when running a query.

read_overflow_mode

What to do when the volume of data read exceeds one of the limits: 'throw' or 'break’. By default, throw.

max_rows_to_group_by

Maximum number of unique keys received from aggregation. This setting lets you limit memory consumption when
aggregating.

group_by_overflow_mode

What to do when the number of unique keys for aggregation exceeds the limit: 'throw’, 'break’, or 'any'. By default,
throw. Using the 'any' value lets you run an approximation of GROUP BY. The quality of this approximation depends on
the statistical nature of the data.

max_rows_to_sort

Maximum number of rows before sorting. This allows you to limit memory consumption when sorting.

max_bytes_to_sort

Maximum number of bytes before sorting.

sort_overflow_mode

What to do if the number of rows received before sorting exceeds one of the limits: 'throw' or 'break'. By default, throw.

max_result_rows

Limit on the number of rows in the result. Also checked for subqueries, and on remote servers when running parts of a
distributed query.

max_result_bytes


https://github.com/yandex/ClickHouse/blob/master/dbms/src/Interpreters/Settings.h#L245

Limit on the number of bytes in the result. The same as the previous setting.

result_overflow_mode

What to do if the volume of the result exceeds one of the limits: ‘throw' or 'break’. By default, throw. Using 'break’ is
similar to using LIMIT.

max_execution_time

Maximum query execution time in seconds. At this time, it is not checked for one of the sorting stages, or when merging
and finalizing aggregate functions.

timeout_overflow_mode

What to do if the query is run longer than 'max_execution_time': 'throw' or 'break'. By default, throw.

min_execution_speed

Minimal execution speed in rows per second. Checked on every data block when
'timeout_before_checking_execution_speed' expires. If the execution speed is lower, an exception is thrown.
timeout_before_checking_execution_speed

Checks that execution speed is not too slow (no less than 'min_execution_speed'), after the specified time in seconds
has expired.

max_columns_to_read

Maximum number of columns that can be read from a table in a single query. If a query requires reading a greater
number of columns, it throws an exception.

max_temporary_columns

Maximum number of temporary columns that must be kept in RAM at the same time when running a query, including
constant columns. If there are more temporary columns than this, it throws an exception.
max_temporary_non_const_columns

The same thing as 'max_temporary_columns', but without counting constant columns. Note that constant columns are
formed fairly often when running a query, but they require approximately zero computing resources.
max_subquery_depth

Maximum nesting depth of subqueries. If subqueries are deeper, an exception is thrown. By default, 100.

max_pipeline_depth

Maximum pipeline depth. Corresponds to the number of transformations that each data block goes through during
query processing. Counted within the limits of a single server. If the pipeline depth is greater, an exception is thrown. By
default, 1000.



max_ast_depth

Maximum nesting depth of a query syntactic tree. If exceeded, an exception is thrown. At this time, it isn't checked
during parsing, but only after parsing the query. That is, a syntactic tree that is too deep can be created during parsing,
but the query will fail. By default, 1000.

max_ast_elements

Maximum number of elements in a query syntactic tree. If exceeded, an exception is thrown. In the same way as the
previous setting, it is checked only after parsing the query. By default, 50,000.

max_rows_in_set

Maximum number of rows for a data set in the IN clause created from a subquery.

max_bytes_in_set

Maximum number of bytes (uncompressed data) used by a set in the IN clause created from a subquery.

set_overflow_mode

What to do when the amount of data exceeds one of the limits: 'throw' or 'break’. By default, throw.

max_rows_in_distinct

Maximum number of different rows when using DISTINCT.

max_bytes_in_distinct

Maximum number of bytes used by a hash table when using DISTINCT.

distinct_overflow_mode

What to do when the amount of data exceeds one of the limits: ‘throw’ or 'break’. By default, throw.

max_rows_to_transfer

Maximum number of rows that can be passed to a remote server or saved in a temporary table when using GLOBAL IN.

max_bytes_to_transfer

Maximum number of bytes (uncompressed data) that can be passed to a remote server or saved in a temporary table
when using GLOBAL IN.

transfer_overflow_mode

What to do when the amount of data exceeds one of the limits: 'throw' or 'break’. By default, throw.

Settings



distributed_product_mode
Changes the behavior of distributed subqueries.

ClickHouse applies this setting when the query contains the product of distributed tables, i.e. when the query for a
distributed table contains a non-GLOBAL subquery for the distributed table.

Restrictions:

Only applied for IN and JOIN subqueries.
o Only if the FROM section uses a distributed table containing more than one shard.

o |If the subquery concerns a distributed table containing more than one shard.

Not used for a table-valued remote function.
Possible values:

o deny — Default value. Prohibits using these types of subqueries (returns the "Double-distributed in/JOIN
subqueries is denied" exception).

e local — Replaces the database and table in the subquery with local ones for the destination server (shard), leaving
the normal IN / JOIN.

global — Replaces the IN / JOIN query with GLOBAL IN / GLOBAL JOIN.

o allow — Allows the use of these types of subqueries.

enable_optimize_predicate_expression

Turns on predicate pushdownin SELECT queries.

Predicate pushdown may significantly reduce network traffic for distributed queries.
Possible values:

¢ 0 — Disabled.
e 1 —Enabled.

Default value: 0.
Usage
Consider the following queries:

1. SELECT count() FROM test_table WHERE date = '2018-10-10'

2. SELECT count() FROM (SELECT * FROM test_table) WHERE date = '2018-10-10'

If enable_optimize_predicate_expression = 1, then the execution time of these queries is equal, because ClickHouse applies
WHERE to the subquery when processing it.

If enable_optimize_predicate_expression = 0, then the execution time of the second query is much longer, because the
WHERE clause applies to all the data after the subquery finishes.
fallback_to_stale_replicas_for_distributed_queries

Forces a query to an out-of-date replica if updated data is not available. See "Replication”.

ClickHouse selects the most relevant from the outdated replicas of the table.



Used when performing SELECT from a distributed table that points to replicated tables.

By default, 1 (enabled).

force_index_by_date
Disables query execution if the index can't be used by date.
Works with tables in the MergeTree family.

If force_index_by date=1, ClickHouse checks whether the query has a date key condition that can be used for restricting
dataranges. If there is no suitable condition, it throws an exception. However, it does not check whether the condition
actually reduces the amount of data to read. For example, the condition Date |="'2000-01-01"' is acceptable even when it
matches all the data in the table (i.e., running the query requires a full scan). For more information about ranges of data
in MergeTree tables, see "MergeTree".

force_primary_key
Disables query execution if indexing by the primary key is not possible.
Works with tables in the MergeTree family.

If force_primary_key=1, ClickHouse checks to see if the query has a primary key condition that can be used for restricting
data ranges. If there is no suitable condition, it throws an exception. However, it does not check whether the condition
actually reduces the amount of data to read. For more information about data ranges in MergeTree tables, see
"MergeTree".

fsync_metadata
Enables or disables fsync when writing .sql files. Enabled by default.

It makes sense to disable it if the server has millions of tiny table chunks that are constantly being created and
destroyed.

enable_http_compression

Enables or disables data compression in the response to an HTTP request.
For more information, read the HTTP interface description.

Possible values:

o 0 —Disabled.
¢ 1 —Enabled.

Default value: 0.

http_zlib_compression_level
Sets the level of data compression in the response to an HTTP request ifenable_http_compression = 1.
Possible values: Numbers from 1 to 9.

Default value: 3.


http://pubs.opengroup.org/onlinepubs/9699919799/functions/fsync.html

http_native_compression_disable_checksumming_on_decompress

Enables or disables checksum verification when decompressing the HTTP POST data from the client. Used only for
ClickHouse native compression format (not used with gzip or deflate ).

For more information, read the HTTP interface description.
Possible values:

o 0 —Disabled.
e 1 —Enabled.

Default value: 0.

send_progress_in_http_headers

Enables or disables sending of the X-ClickHouse-Progress HTTP response headers in an answer from clickhouse-server .
For more information, read the HTTP interface description.

Possible values:

o 0 —Disabled.
¢ 1 —Enabled.

Default value: 0.

input_format_allow_errors_num

Sets the maximum number of acceptable errors when reading from text formats (CSV, TSV, etc.).
The default value is 0.

Always pair it with input_format_allow_errors_ratio . To skip errors, both settings must be greater than 0.

If an error occurred while reading rows but the error counter is still less than input_format_allow_errors_num , ClickHouse
ignores the row and moves on to the next one.

If input_format_allow_errors_num is exceeded, ClickHouse throws an exception.

input_format_allow_errors_ratio

Sets the maximum percentage of errors allowed when reading from text formats (CSV, TSV, etc.). The percentage of
errors is set as a floating-point number between 0 and 1.

The default valueis 0.
Always pair it with input_format_allow_errors_num . To skip errors, both settings must be greater than 0.

If an error occurred while reading rows but the error counter is still less than input_format_allow_errors_ratio , ClickHouse
ignores the row and moves on to the next one.

If input_format_allow_errors_ratio is exceeded, ClickHouse throws an exception.

input_format_values_interpret_expressions

Enables or disables the full SQL parser if the fast stream parser can't parse the data. This setting is used only for the



Values format at the data insertion. For more information about syntax parsing, see theSyntax section.
Possible values:

o 0 —Disabled.
In this case, you must provide formatted data. See the Formats section.
o 1 —Enabled.

In this case, you can use an SQL expression as a value, but data insertion is much slower this way. If you insert only
formatted data, then ClickHouse behaves as if the setting value is 0.

Default value: 1.
Example of Use

Insert the DateTime type value with the different settings.

SET input_format_values_interpret_expressions = 0;
INSERT INTO datetime_t VALUES (now())

Exception on client:
Code: 27. DB::Exception: Cannot parse input: expected ) before: now()): (at row 1)

SET input_format_values_interpret_expressions = 1;
INSERT INTO datetime_t VALUES (now())

Ok.

The last query is equivalent to the following:

SET input_format_values_interpret_expressions = 0;
INSERT INTO datetime_t SELECT now()

Ok.

input_format_defaults_for_omitted_fields

When performing INSERT queries, replace omitted input column values with default values of the respective columns.
This option only applies to JSONEachRow and CSV formats.

/" Note

When this option is enabled, extended table metadata are sent

from server to client. It consumes additional computing resources on the server and can reduce performance.
Possible values:

o 0 —Disabled.
¢ 1 —Enabled.

Default value: 0.

input_format_skip_unknown_fields
Enables or disables skipping insertion of extra data.

When writing data, ClickHouse throws an exception if input data contain columns that do not exist in the target table. If



skipping is enabled, ClickHouse doesn't insert extra data and doesn't throw an exception.
Supported formats:

JSONEachRow

¢ CSVWithNames
o TabSeparatedWithNames
e TSKV

Possible values:

¢ 0 — Disabled.
e 1 —Enabled.

Default value: 0.

input_format_with_names_use_header
Enables or disables checking the column order when inserting data.

To improve insert performance, we recommend disabling this check if you are sure that the column order of the input
datais the same asin the target table.

Supported formats:

¢ CSVWithNames

o TabSeparatedWithNames
Possible values:

o 0 —Disabled.
¢ 1 —Enabled.

Default value: 1.

join_default_strictness
Sets default strictness for JOIN clauses.
Possible values:

e ALL — If theright table has several matching rows, ClickHouse creates a Cartesian product from matching rows.
This is the normal JOIN behavior from standard SQL.

¢ ANY —If theright table has several matching rows, only the first one found is joined. If the right table has only one
matching row, the results of ANY and ALL are the same.

e ASOF — For joining sequences with an uncertain match.

e Empty string — If ALL or ANY is not specified in the query, ClickHouse throws an exception.

Default value: ALL .

join_any_take_last_row

Changes behavior of join operations with ANY strictness.


https://en.wikipedia.org/wiki/Cartesian_product

#’ Attention

This setting applies only for the Join table engine.

Possible values:

o 0 —If theright table has more than one matching row, only the first one found is joined.

o 1 —If the right table has more than one matching row, only the last one found is joined.
Default value: 0.
See Also

¢ JOIN clause
¢ Jointable engine

¢ join_default_strictness

join_use_nulls

Sets the type of JOIN behavior. When merging tables, empty cells may appear. ClickHouse fills them differently based
on this setting.

Possible values:

e 0 —The empty cells are filled with the default value of the corresponding field type.

e 1 — JOIN behaves the same way as in standard SQL. The type of the corresponding field is converted toNullable,
and empty cells are filled with NULL.

Default value: 0.

join_any_take_last_row

Changes the behavior of ANY JOIN . When disabled, ANY JOIN takes the first row found for a key. When enabled, ANY
JOIN takes the last matched row, if there are multiple rows for the same key. The setting is used only inJoin table engine

Possible values:

¢ 0 — Disabled.
o 1 —Enabled.

Default value: 1.

max_block_size

In ClickHouse, data is processed by blocks (sets of column parts). The internal processing cycles for a single block are
efficient enough, but there are noticeable expenditures on each block. The max_block_size setting is a recommendation
for what size of block (in number of rows) to load from tables. The block size shouldn't be too small, so that the
expenditures on each block are still noticeable, but not too large, so that the query with LIMIT that is completed after the
first block is processed quickly. The goal is to avoid consuming too much memory when extracting a large number of
columns in multiple threads, and to preserve at least some cache locality.

Default value: 65,536.



Blocks the size of max_block_size are not always loaded from the table. If it is obvious that less data needs to be
retrieved, a smaller block is processed.

preferred_block_size_bytes

Used for the same purpose as max_block_size , but it sets the recommended block size in bytes by adapting it to the
number of rows in the block. However, the block size cannot be more than max_block_size rows. By default: 1,000,000. It
only works when reading from MergeTree engines.

merge_tree_uniform_read_distribution

ClickHouse uses multiple threads when reading from MergeTree* tables. This setting turns on/off the uniform
distribution of reading tasks over the working threads. The algorithm of the uniform distribution aims to make
execution time for all the threads approximately equalina SELECT query.

Possible values

¢ 0 — Do not use uniform read distribution.

e 1 —Use uniform read distribution.

Default value: 1.

merge_tree_min_rows_for_concurrent_read

If the number of rows to be read from a file of aVlergeTree* table exceeds merge_tree_min_rows_for_concurrent_read then
ClickHouse tries to perform a concurrent reading from this file on several threads.

Possible values
Any positive integer.

Default value: 163840.

merge_tree_min_rows_for_seek

If the distance between two data blocks to be read in one file is less than merge_tree_min_rows_for_seek rows, then
ClickHouse does not seek through the file, but reads the data sequentially.

Possible values
Any positive integer.

Default value: 0.

merge_tree_coarse_index_granularity

When searching data, ClickHouse checks the data marks in the index file. If ClickHouse finds that required keys are in
some range, it divides this range into merge_tree_coarse_index_granularity subranges and searches the required keys there
recursively.

Possible values
Any positive even integer.

Default value: 8.



merg e_tree_max_rows_to_use_cache

If ClickHouse should read more than merge_tree_max_rows_to_use_cache rows in one query, it does not use the cash of
uncompressed blocks. The uncompressed_cache_size server setting defines the size of the cache of uncompressed
blocks.

Possible values
Any positive integer.

Default value: 1048576.

min_bytes_to_use_direct_io
The minimum data volume required for using direct I/O access to the storage disk.

ClickHouse uses this setting when reading data from tables. If the total storage volume of all the data to be read
exceeds min_bytes to_use_direct_io bytes, then ClickHouse reads the data from the storage disk with the O_DIRECT
option.

Possible values

e 0 —Directl/Ois disabled.

o Positiveinteger.

Default value: 0.

log_queries
Setting up query logging.

Queries sent to ClickHouse with this setup are logged according to the rules in thequery_log server configuration
parameter.

Example:

log_queries=1

max_insert_block_size

The size of blocks to form for insertion into a table. This setting only applies in cases when the server forms the blocks.
For example, for an INSERT via the HTTP interface, the server parses the data format and forms blocks of the specified
size. But when using clickhouse-client, the client parses the data itself, and the 'max_insert_block_size' setting on the
server doesn't affect the size of the inserted blocks. The setting also doesn't have a purpose when using INSERT
SELECT, since data is inserted using the same blocks that are formed after SELECT.

Default value: 1,048,576.

The default is slightly more than max_block_size . The reason for this is because certain table engines ( *MergeTree ) form a
data part on the disk for each inserted block, which is a fairly large entity. Similarly, *MergeTree tables sort data during
insertion, and a large enough block size allows sorting more data in RAM.

max_replica_delay_for_distributed_queries

Disables lagging replicas for distributed queries. See "Replication”.



Sets the time in seconds. If a replica lags more than the set value, this replica is not used.
Default value: 300.

Used when performing SELECT from a distributed table that points to replicated tables.

max_threads

The maximum number of query processing threads, excluding threads for retrieving data from remote servers (see the
'max_distributed_connections' parameter).

This parameter applies to threads that perform the same stages of the query processing pipeline in parallel. For
example, when reading from a table, if it is possible to evaluate expressions with functions, filter with WHERE and pre-
aggregate for GROUP BY in parallel using at least 'max_threads' number of threads, then 'max_threads' are used.

Default value: 2.

If less than one SELECT query is normally run on a server at a time, set this parameter to a value slightly less than the
actual number of processor cores.

For queries that are completed quickly because of a LIMIT, you can set a lower 'max_threads'. For example, if the
necessary number of entries are located in every block and max_threads = 8, then 8 blocks are retrieved, although it
would have been enough to read just one.

The smaller the max_threads value, the less memory is consumed.

max_compress_block_size

The maximum size of blocks of uncompressed data before compressing for writing to a table. By default, 1,048,576 (1
MiB). If the size is reduced, the compression rate is significantly reduced, the compression and decompression speed
increases slightly due to cache locality, and memory consumption is reduced. There usually isn't any reason to change
this setting.

Don't confuse blocks for compression (a chunk of memory consisting of bytes) with blocks for query processing (a set of
rows from a table).

min_compress_block_size

For MergeTree" tables. In order to reduce latency when processing queries, a block is compressed when writing the next
mark if its size is at least 'min_compress_block_size'. By default, 65,536.

The actual size of the block, if the uncompressed data is less than 'max_compress_block_size', is no less than this value
and no less than the volume of data for one mark.

Let's look at an example. Assume that 'index_granularity' was set to 8192 during table creation.

We are writing a UInt32-type column (4 bytes per value). When writing 8192 rows, the total will be 32 KB of data. Since
min_compress_block_size = 65,536, a compressed block will be formed for every two marks.

We are writing a URL column with the String type (average size of 60 bytes per value). When writing 8192 rows, the
average will be slightly less than 500 KB of data. Since this is more than 65,536, a compressed block will be formed for
each mark. In this case, when reading data from the disk in the range of a single mark, extra data won't be
decompressed.

There usually isn't any reason to change this setting.



max_query_size

The maximum part of a query that can be taken to RAM for parsing with the SQL parser. The INSERT query also contains
data for INSERT that is processed by a separate stream parser (that consumes O(1) RAM), which is not included in this
restriction.

Default value: 256 KiB.

interactive_delay
The interval in microseconds for checking whether request execution has been canceled and sending the progress.

Default value: 100,000 (checks for canceling and sends the progress ten times per second).

connect_timeout, receive_timeout, send_timeout
Timeouts in seconds on the socket used for communicating with the client.

Default value: 10, 300, 300.

poll_interval
Lock in a wait loop for the specified number of seconds.

Default value: 10.

max_distributed_connections

The maximum number of simultaneous connections with remote servers for distributed processing of a single query to
a single Distributed table. We recommend setting a value no less than the number of servers in the cluster.

Default value: 1024.

The following parameters are only used when creating Distributed tables (and when launching a server), so there is no
reason to change them at runtime.
distributed_connections_pool_size

The maximum number of simultaneous connections with remote servers for distributed processing of all queries to a
single Distributed table. We recommend setting a value no less than the number of servers in the cluster.

Default value: 1024.

connect_timeout_with_failover_ms

The timeout in milliseconds for connecting to a remote server for a Distributed table engine, if the 'shard’ and 'replica’
sections are used in the cluster definition. If unsuccessful, several attempts are made to connect to various replicas.

Default value: 50.

connections_with_failover_max_tries
The maximum number of connection attempts with each replica for the Distributed table engine.

Default value: 3.



extremes

Whether to count extreme values (the minimums and maximums in columns of a query result). Accepts 0 or 1. By
default, 0 (disabled). For more information, see the section "Extreme values".

use_uncompressed_cache

Whether to use a cache of uncompressed blocks. Accepts 0 or 1. By default, 0 (disabled). Using the uncompressed cache
(only for tables in the MergeTree family) can significantly reduce latency and increase throughput when working with a
large number of short queries. Enable this setting for users who send frequent short requests. Also pay attention to the
uncompressed_cache_size configuration parameter (only set in the config file) - the size of uncompressed cache blocks.
By default, it is 8 GiB. The uncompressed cache is filled in as needed and the least-used data is automatically deleted.

For queries that read at least a somewhat large volume of data (one million rows or more), the uncompressed cache is
disabled automatically in order to save space for truly small queries. This means that you can keep the
'use_uncompressed_cache' setting always set to 1.

replace_running_query

When using the HTTP interface, the 'query_id' parameter can be passed. This is any string that serves as the query
identifier. If a query from the same user with the same 'query_id" already exists at this time, the behavior depends on the
'replace_running_query' parameter.

0 (default) - Throw an exception (don't allow the query to run if a query with the same 'query_id' is already running).

1 - Cancel the old query and start running the new one.

Yandex.Metrica uses this parameter set to 1 for implementing suggestions for segmentation conditions. After entering
the next character, if the old query hasn't finished yet, it should be canceled.

schema

This parameter is useful when you are using formats that require a schema definition, such asCap'n Proto. The value
depends on the format.

stream_flush_interval_ms
Works for tables with streaming in the case of a timeout, or when a thread generatesmax_insert_block_size rows.

The default value is 7500.

The smaller the value, the more often data is flushed into the table. Setting the value too low leads to poor performance.

load_balancing
Specifies the algorithm of replicas selection that is used for distributed query processing.
ClickHouse supports the following algorithms of choosing replicas:

¢ Random (by default)
¢ Nearest hostname

e Inorder


https://capnproto.org/

e First orrandom

Random (by default)

load_balancing = random

The number of errors is counted for each replica. The query is sent to the replica with the fewest errors, and if there are
several of these, to any one of them. Disadvantages: Server proximity is not accounted for; if the replicas have different
data, you will also get different data.

Nearest Hostname

load_balancing = nearest_hostname

The number of errors is counted for each replica. Every 5 minutes, the number of errors is integrally divided by 2. Thus,
the number of errors is calculated for a recent time with exponential smoothing. If there is one replica with a minimal
number of errors (i.e. errors occurred recently on the other replicas), the query is sent to it. If there are multiple replicas
with the same minimal number of errors, the query is sent to the replica with a host name that is most similar to the
server's host name in the config file (for the number of different characters in identical positions, up to the minimum
length of both host names).

For instance, example01-01-1 and example01-01-2.yandex.ru are different in one position, while example01-01-1 and
example01-02-2 differ in two places. This method might seem primitive, but it doesn't require external data about
network topology, and it doesn't compare IP addresses, which would be complicated for our IPv6 addresses.

Thus, if there are equivalent replicas, the closest one by name is preferred. We can also assume that when sending a
query to the same server, in the absence of failures, a distributed query will also go to the same servers. So even if
different datais placed on the replicas, the query will return mostly the same results.

In Order

load_balancing = in_order

Replicas with the same number of errors are accessed in the same order as they are specified in configuration. This
method is appropriate when you know exactly which replica is preferable.

First or Random

load_balancing = first_or_random

This algorithm chooses the first replica in the set or a random replica if the first is unavailable. It's effective in cross-
replication topology setups, but useless in other configurations.

The first_or_random algorithm solves the problem of the in_order algorithm. With in_order, if one replica goes down, the
next one gets a double load while the remaining replicas handle the usual amount of traffic. When using the
first_or_random algorithm, load is evenly distributed among replicas that are still available.

prefer_localhost_replica
Enables/disables preferable using the localhost replica when processing distributed queries.

Possible values:

e 1 —ClickHouse always sends a query to the localhost replica if it exists.

o 0 — ClickHouse uses the balancing strategy specified by theload_balancing setting.



Default value: 1.

Warning

Disable this setting if you use max_parallel_replicas.

totals_mode

How to calculate TOTALS when HAVING is present, as well as when max_rows_to_group_by and
group_by_overflow_mode ="any' are present. See the section "WITH TOTALS modifier".

totals_auto_threshold

The threshold for totals_mode = 'auto’ . See the section "WITH TOTALS modifier".

max_parallel_replicas

The maximum number of replicas for each shard when executing a query. For consistency (to get different parts of the
same data split), this option only works when the sampling key is set. Replica lag is not controlled.

compile
Enable compilation of queries. By default, 0 (disabled).

Compilation is only used for part of the query-processing pipeline: for the first stage of aggregation (GROUP BY). If this
portion of the pipeline was compiled, the query may run faster due to deployment of short cycles and inlining aggregate
function calls. The maximum performance improvement (up to four times faster in rare cases) is seen for queries with
multiple simple aggregate functions. Typically, the performance gain is insignificant. In very rare cases, it may slow
down query execution.

min_count_to_compile

How many times to potentially use a compiled chunk of code before running compilation. By default, 3. For testing, the
value can be set to 0: compilation runs synchronously and the query waits for the end of the compilation process before
continuing execution. For all other cases, use values starting with 1. Compilation normally takes about 5-10 seconds. If
the value is 1 or more, compilation occurs asynchronously in a separate thread. The result will be used as soon asitis
ready, including queries that are currently running.

Compiled code is required for each different combination of aggregate functions used in the query and the type of keys
in the GROUP BY clause. The results of compilation are saved in the build directory in the form of .so files. There is no
restriction on the number of compilation results, since they don't use very much space. Old results will be used after
server restarts, except in the case of a server upgrade - in this case, the old results are deleted.
output_format_json_quote_64bit_integers

If the value is true, integers appear in quotes when using JSON* Int64 and Ulnt64 formats (for compatibility with most
JavaScript implementations); otherwise, integers are output without the quotes.

format_csv_delimiter

The character interpreted as a delimiter in the CSV data. By default, the delimiter is , .



insert_quorum
Enables quorum writes.

o If insert_quorum < 2, the quorum writes are disabled.

o If insert_quorum >= 2, the quorum writes are enabled.
Default value: 0.
Quorum writes

INSERT succeeds only when ClickHouse manages to correctly write data to the insert_quorum of replicas during the
insert_quorum_timeout . If for any reason the number of replicas with successful writes does not reach the insert_quorum,
the write is considered failed and ClickHouse will delete the inserted block from all the replicas where data has already

been written.

All the replicas in the quorum are consistent, i.e., they contain data from all previous INSERT queries. The INSERT
sequence is linearized.

When reading the data written from the insert_quorum, you can use the select_sequential_consistency option.
ClickHouse generates an exception

o If the number of available replicas at the time of the query is less than theinsert_quorum .

o Atan attempt to write data when the previous block has not yet been inserted in the insert_quorum of replicas. This
situation may occur if the user tries to perform an INSERT before the previous one with the insert_quorum is
completed.

See also the following parameters:

¢ insert_quorum_timeout

¢ select_sequential_consistency

insert_quorum_timeout

Quorum write timeout in seconds. If the timeout has passed and no write has taken place yet, ClickHouse will generate
an exception and the client must repeat the query to write the same block to the same or any other replica.

Default value: 60 seconds.
See also the following parameters:

e insert_quorum

¢ select_sequential_consistency

select_sequential_consistency
Enables or disables sequential consistency for SELECT queries:
Possible values:

o 0 —Disabled.
e 1 —Enabled.

Default value: 0.



Usage

When sequential consistency is enabled, ClickHouse allows the client to execute the SELECT query only for those
replicas that contain data from all previous INSERT queries executed with insert_quorum . If the client refers to a partial
replica, ClickHouse will generate an exception. The SELECT query will not include data that has not yet been written to
the quorum of replicas.

See Also

e insert_quorum

e insert_quorum_timeout

max_network_bytes

Limits the data volume (in bytes) that is received or transmitted over the network when executing a query. This setting
applies for every individual query.

Possible values:

o Positiveinteger.

o 0 — Data volume control is disabled.

Default value: 0.

max_network_bandwidth
Limits speed of data exchange over the network in bytes per second. This setting applies for every individual query.
Possible values:

o Positiveinteger.

o 0 —Bandwidth control is disabled.

Default value: 0.

max_network_bandwidth_for_user

Limits speed of data exchange over the network in bytes per second. This setting applies for all concurrently running
queries performed by a single user.

Possible values:

o Positiveinteger.

e 0 — Control of the data speed is disabled.

Default value: 0.

max_network_bandwidth_for_all_users

Limits speed of data exchange over the network in bytes per second. This setting applies for all concurrently running
queries on the server.

Possible values:

o Positiveinteger.



o 0 — Control of the data speed is disabled.

Default value: 0.

allow_experimental_cross_to_join_conversion
Enables or disables:

1. Rewriting queries for join from the syntax with commas to the JOIN ON/USING syntax. If the setting valueis O,
ClickHouse doesn't process queries with syntax that uses commas, and throws an exception.

2. Converting CROSS JOIN to INNER JOIN if WHERE conditions allow it.
Possible values:

¢ 0 — Disabled.
o 1 —Enabled.

Default value: 1.
See Also

o Multiple JOIN

count_distinct_implementation
Specifies which of the unig® functions should be used for performing the COUNT(DISTINCT ...) construction.
Possible values:

e Uniq
¢ unigCombined
e unigHLL12

¢ unigExact

Default value: unigExact .

Settings profiles

A settings profile is a collection of settings grouped under the same name. Each ClickHouse user has a profile. To apply
all the settings in a profile, set the profile setting.

Example:

Install the web profile.
SET profile = 'web'

Settings profiles are declared in the user config file. This is usually users.xml .

Example:



<l-- Settings profiles -->
<profiles>
<!-- Default settings -->
<default>
<!-- The maximum number of threads when running a single query. -->
<max_threads>8</max_threads>
</default>

<!-- Settings for quries from the user interface -->

<web>
<max_rows_to_read>1000000000</max_rows_to_read>
<max_bytes_to_read>100000000000</max_bytes_to_read>

<max_rows_to_group_by>1000000</max_rows_to_group_by>
<group_by_overflow_mode>any</group_by_overflow_mode>

<max_rows_to_sort>1000000</max_rows_to_sort>
<max_bytes_to_sort>1000000000</max_bytes_to_sort>

<max_result_rows>100000</max_result_rows>
<max_result_bytes>100000000</max_result_bytes>
<result_overflow _mode>break</result_overflow mode>

<max_execution_time>600</max_execution_time>
<min_execution_speed>1000000</min_execution_speed>
<timeout_before_checking_execution_speed>15</timeout_before_checking_execution_speed>

<max_columns_to read>25</max_columns_to_read>
<max_temporary_columns>100</max_temporary_columns>
<max_temporary_non_const_columns>50</max_temporary_non_const_columns>

<max_subquery_depth>2</max_subquery_depth>
<max_pipeline_depth>25</max_pipeline_depth>
<max_ast_depth>50</max_ast_depth>
<max_ast_elements>100</max_ast elements>

<readonly>1</readonly>
</web>
</profiles>

The example specifies two profiles: default and web . The default profile has a special purpose: it must always be present
and is applied when starting the server. In other words, the default profile contains default settings. The web profileis a
regular profile that can be set using the SET query or using a URL parameter inan HTTP query.

Settings profiles can inherit from each other. To use inheritance, indicate the profile setting before the other settings
that are listed in the profile.

Constraints on Settings

The constraints on settings can be defined in the users section of the user.xml configuration file and prohibit users from
changing some of the settings with the SET query. The constraints are defined as following:



<profiles>
<user_name>
<constraints>
<setting_name_1>
<min>lower_boundary</min>
</setting_name_1>
<setting_name_2>
<max>upper_boundary</max>
</setting_name_2>
<setting_name_3>
<min>lower_boundary</min>
<max>upper_boundary</max>
</setting_name_3>
<setting_name_4>
<readonly/>
</setting_name_4>
</constraints>
</user_name>
</profiles>

If user tries to violate the constraints an exception is thrown and the setting isn't actually changed. There are supported
three types of constraints: min, max, readonly . The min and max constraints specify upper and lower boundaries for a
numeric setting and can be used in combination. The readonly constraint specify that the user cannot change the
corresponding setting at all.

Example: Let users.xml includes lines:

<profiles>
<default>
<max_memory_usage>10000000000</max_memory_usage>
<force_index_by_date>0</force_index_by_date>

<constraints>
<max_memory_usage>
<min>5000000000</min>
<max>20000000000</max>
</max_memory_usage>
<force_index_by_date>
<readonly/>
</force_index_by_date>
</constraints>
</default>
</profiles>

The following queries all throw exceptions:

SET max_memory_usage=20000000001;
SET max_memory_usage=4999999999;
SET force_index_by_date=1;

Code: 452, e.displayText() = DB::Exception: Setting max_memory_usage should not be greater than 20000000000.
Code: 452, e.displayText() = DB::Exception: Setting max_memory_usage should not be less than 5000000000.
Code: 452, e.displayText() = DB::Exception: Setting force_index_by_date should not be changed.

Note: the default profile has a special handling: all the constraints defined for the default profile become the default
constraints, so they restrict all the users until they're overriden explicitly for these users.

ClickHouse Utility

e clickhouse-local — Allows running SQL queries on data without stopping the ClickHouse server, similar to how awk
does this.

o clickhouse-copier — Copies (and reshards) data from one cluster to another cluster.



clickhouse-copier
Copies data from the tables in one cluster to tables in another (or the same) cluster.

You can run multiple clickhouse-copier instances on different servers to perform the same job. ZooKeeper is used for

syncing the processes.
After starting, clickhouse-copier :

e Connects to ZooKeeper and receives:
o Copying jobs.
e The state of the copying jobs.

o |t performs thejobs.

Each running process chooses the "closest" shard of the source cluster and copies the data into the destination

cluster, resharding the data if necessary.
clickhouse-copier tracks the changes in ZooKeeper and applies them on the fly.

To reduce network traffic, we recommend running clickhouse-copier on the same server where the source data is located.

Running clickhouse-copier

The utility should be run manually:

clickhouse-copier copier --daemon --config zookeeper.xml --task-path /task/path --base-dir /path/to/dir

Parameters:

e daemon — Starts clickhouse-copier in daemon mode.
e config — The path to the zookeeper.xml file with the parameters for the connection to ZooKeeper.

o task-path — The path to the ZooKeeper node. This node is used for syncing clickhouse-copier processes and storing

tasks. Tasks are stored in $task-path/description .

e base-dir — The path to logs and auxiliary files. When it starts, clickhouse-copier creates clickhouse-
copier_YYYYMMHHSS_<PID> subdirectoriesin $base-dir. If this parameter is omitted, the directories are created in the

directory where clickhouse-copier was launched.

Format of zookeeper.xml

<yandex>
<logger>
<level>trace</level>
<size>100M</size>
<count>3</count>
</logger>

<zookeeper>
<node index="1">
<host>127.0.0.1</host>
<port>2181</port>
</node>
</zookeeper>
</yandex>

Configuration of copying tasks



<yandex>
<!-- Configuration of clusters as in an ordinary server config -->
<remote_servers>
<source_cluster>
<shard>
<internal_replication>false</internal_replication>
<replica>
<host>127.0.0.1</host>
<port>9000</port>
</replica>
</shard>

</source_cluster>
<destination_cluster>

</destination_cluster>
</remote_servers>

<!-- How many simultaneously active workers are possible. If you run more workers superfluous workers will sleep. -->
<max_workers>2</max_workers>

<!-- Setting used to fetch (pull) data from source cluster tables -->
<settings_pull>

<readonly>1</readonly>
</settings_pull>

<!-- Setting used to insert (push) data to destination cluster tables -->
<settings_push>

<readonly>0</readonly>
</settings_push>

<!I-- Common setting for fetch (pull) and insert (push) operations. Also, copier process context uses it.
They are overlaid by <settings_pull/> and <settings_push/> respectively. -->

<settings>
<connect_timeout>3</connect_timeout>
<l-- Sync insert is set forcibly, leave it here just in case. -->
<insert_distributed_sync>1</insert_distributed_sync>

</settings>

<!-- Copying tasks description.
You could specify several table task in the same task description (in the same ZooKeeper node), they will be performed
sequentially.
>
<tables>
<l-- A table task, copies one table. -->
<table_hits>
<l-- Source cluster name (from <remote_servers/> section) and tables in it that should be copied -->
<cluster_pull>source_cluster</cluster_pull>
<database_pull>test</database_pull>
<table_pull>hits</table_pull>

<!-- Destination cluster name and tables in which the data should be inserted -->
<cluster_push>destination_cluster</cluster_push>
<database_push>test</database_push>

<table_push>hits2</table_push>

<!-- Engine of destination tables.
If destination tables have not be created, workers create them using columns definition from source tables and engine
definition from here.

NOTE: If the first worker starts insert data and detects that destination partition is not empty then the partition will
be dropped and refilled, take it into account if you already have some data in destination tables. You could directly
specify partitions that should be copied in <enabled_partitions/>, they should be in quoted format like partition column of
system.parts table.

=

<engine>

ENGINE=ReplicatedMergeTree('/clickhouse/tables/{cluster}/{shard}/hits2', {replica}’)

PARTITION BY toMonday(date)

ORDER BY (CounterID, EventDate)

</engine>



<!l-- Sharding key used to insert data to destination cluster -->
<sharding_key>jumpConsistentHash(intHash64(UserID), 2)</sharding_key>

<!-- Optional expression that filter data while pull them from source servers -->
<where_condition>CounterID != 0</where_condition>
<!I-- This section specifies partitions that should be copied, other partition will be ignored.
Partition names should have the same format as
partition column of system.parts table (i.e. a quoted text).
Since partition key of source and destination cluster could be different,
these partition names specify destination partitions.
NOTE: In spite of this section is optional (if it is not specified, all partitions will be copied),
it is strictly recommended to specify them explicitly.
If you already have some ready paritions on destination cluster they
will be removed at the start of the copying since they will be interpeted
as unfinished data from the previous copying!!!
-—>
<enabled_partitions>
<partition>'2018-02-26'</partition>
<partition>'2018-03-05'</partition>

</enabled_partitions>
</table_hits>

<!-- Next table to copy. It is not copied until previous table is copying. -->
</table_visits>

</table_visits>

</tables>
</yandex>

clickhouse-copier tracks the changes in /task/path/description and applies them on the fly. For instance, if you change the
value of max_workers , the number of processes running tasks will also change.

clickhouse-local

The clickhouse-local program enables you to perform fast processing on local files, without having to deploy and
configure the ClickHouse server.

Accepts data that represent tables and queries them using ClickHouse SQL dialect.

clickhouse-local uses the same core as ClickHouse server, so it supports most of the features and the same set of formats
and table engines.

By default clickhouse-local does not have access to data on the same host, but it supports loading server configuration
using --config-file argument.

A\ Warning

It is not recommended to load production server configuration into clickhouse-local because data can be damaged in case of human error.

Usage

Basic usage:
clickhouse-local --structure "table_structure" --input-format "format_of_incoming_data" -q "query"

Arguments:

e -S, --structure — table structure for input data.



e -if, —-input-format — input format, TSV by default.

o -f, --file —pathtodata, stdin by default.

e -q --query — queries to execute with ; as delimeter.

e -N, -table — table name where to put output data, table by default.

e -of, --format, --output-format — output format, TSV by default.

o --stackirace — whether to dump debug output in case of exception.

e --verbose — more details on query execution.

¢ -s —disables stderr logging.

e --config-file — path to configuration file in same format as for ClickHouse server, by default the configuration empty.
e --help —arguments references for clickhouse-local .

Also there are arguments for each ClickHouse configuration variable which are more commonly used instead of --config-

file .

Examples

echo -e "1,2\n3,4" | clickhouse-local -S "a Int64, b Int64" -if "CSV" -q "SELECT * FROM table"
Read 2 rows, 32.00 B in 0.000 sec., 5182 rows/sec., 80.97 KiB/sec.

1 2

3 4

Previous example is the same as:

$ echo -e "1,2\n3,4" | clickhouse-local -q "CREATE TABLE table (a Int64, b Int64) ENGINE = File(CSV, stdin); SELECT a, b FROM table; DROP
TABLE table"

Read 2 rows, 32.00 B in 0.000 sec., 4987 rows/sec., 77.93 KiB/sec.

12

3 4

Now let's output memory user for each Unix user:

$ ps aux | tail -n +2 | awk '{ printf("%s\t%s\n", $1, $4) }' | clickhouse-local -S "user String, mem Float64" -q "SELECT user, round(sum(mem), 2) as
memTotal FROM table GROUP BY user ORDER BY memTotal DESC FORMAT Pretty"
Read 186 rows, 4.15 KiB in 0.035 sec., 5302 rows/sec., 118.34 KiB/sec.

I
user | memTotal |
|

|
| bayonet | 113.5 |
| |

|
| root | 88|
1 | |
| | |
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What to do if | have a problem with encodings when using Oracle through ODBC?

If you use Oracle through ODBC driver as a source of external dictionaries, you need to set up correctly value for the
NLS_LANG variable in the /etc/default/clickhouse . For more details see the Oracle NLS_LANG FAQ.

Example

NLS_LANG=CHINESE_CHINA.ZHS16GBK

ClickHouse A%

Overview of ClickHouse Architecture

ClickHouse is a true column-oriented DBMS. Data is stored by columns, and during the execution of arrays (vectors or
chunks of columns). Whenever possible, operations are dispatched on arrays, rather than on individual values. This is
called "vectorized query execution," and it helps lower the cost of actual data processing.

This idea is nothing new. It dates back to the APL programming language and its descendants: A+, J, K,and Q.
Array programming is used in scientific data processing. Neither is this idea something new in relational databases:
for example, it is used in the Vectorwise system.

There are two different approaches for speeding up the query processing: vectorized query execution and runtime code
generation. In the latter, the code is generated for every kind of query on the fly, removing all indirection and dynamic
dispatch. Neither of these approaches is strictly better than the other. Runtime code generation can be better when it
fuses many operations together, thus fully utilizing CPU execution units and the pipeline. Vectorized query execution
can be less practical, because it involves temporary vectors that must be written to the cache and read back. If the
temporary data does not fit in the L2 cache, this becomes an issue. But vectorized query execution more easily utilizes
the SIMD capabilities of the CPU. A research paper written by our friends shows that it is better to combine both
approaches. ClickHouse uses vectorized query execution and has limited initial support for runtime code generation.

Columns

To represent columns in memory (actually, chunks of columns), the IColumn interface is used. This interface provides
helper methods for implementation of various relational operators. Almost all operations are immutable: they do not
modify the original column, but create a new modified one. For example, the IColumn :: filter method accepts a filter byte
mask. It is used for the WHERE and HAVING relational operators. Additional examples: the IColumn :: permute method to
support ORDER BY , the IColumn :: cut method to support LIMIT ,and so on.

Various IColumn implementations ( ColumnUInt8 , ColumnString and so on) are responsible for the memory layout of
columns. Memory layout is usually a contiguous array. For the integer type of columns it is just one contiguous array, like
std :: vector . For String and Array columns, itis two vectors: one for all array elements, placed contiguously, and a
second one for offsets to the beginning of each array. Thereis also ColumnConst that stores just one value in memory,
but looks like a column.

Field
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Nevertheless, it is possible to work with individual values as well. To represent an individual value, the Field is used.
Field is just a discriminated union of Ulnt64, Int64, Floaté4 , String and Array . IColumn has the operator[] method to get
the n-th value as a Field, and the insert method to append a Field to the end of a column. These methods are not very
efficient, because they require dealing with temporary Field objects representing an individual value. There are more
efficient methods, such as insertFrom , insertRangeFrom , and so on.

Field doesn't have enough information about a specific data type for a table. For example, UInt8, UInt16, UInt32,and
Uinte4 are all represented as Ulnt64 ina Field .

Leaky Abstractions

IColumn has methods for common relational transformations of data, but they don't meet all needs. For example,
ColumnUInt64 doesn't have a method to calculate the sum of two columns, and ColumnString doesn't have a method to
run a substring search. These countless routines are implemented outside of IColumn .

Various functions on columns can be implemented in a generic, non-efficient way using IColumn methods to extract
Field values, or in a specialized way using knowledge of inner memory layout of data in a specific IColumn
implementation. To do this, functions are cast to a specific IColumn type and deal with internal representation directly.
For example, ColumnUInt64 has the getData method that returns a reference to aninternal array, then a separate routine
reads or fills that array directly. In fact, we have "leaky abstractions" to allow efficient specializations of various routines.

Data Types

IDataType is responsible for serialization and deserialization: for reading and writing chunks of columns or individual
values in binary or text form. IDataType directly corresponds to data types in tables. For example, there are
DataTypeUInt32 , DataTypeDateTime , DataTypeString and so on.

IDataType and IColumn are only loosely related to each other. Different data types can be represented in memory by the
same IColumn implementations. For example, DataTypeUInt32 and DataTypeDateTime are both represented by
ColumnUInt32 or ColumnConstUInt32 . In addition, the same data type can be represented by different IColumn
implementations. For example, DataTypeUInt8 can be represented by ColumnUInt8 or ColumnConstUInt8 .

IDataType only stores metadata. For instance, DataTypeUInt8 doesn't store anything at all (except vptr) and
DataTypeFixedString stores just N (the size of fixed-size strings).

IDataType has helper methods for various data formats. Examples are methods to serialize a value with possible
quoting, to serialize a value for JSON, and to serialize a value as part of XML format. There is no direct correspondence to
data formats. For example, the different data formats Pretty and TabSeparated can use the same serializeTextEscaped
helper method from the IDataType interface.

Block

A Block is a container that represents a subset (chunk) of a table in memory. It is just a set of triples: (IColumn, IDataType,
column name) . During query execution, data is processed by Block s. If we have a Block , we have data (in the I1Column
object), we have information about its type (in IDataType ) that tells us how to deal with that column, and we have the
column name (either the original column name from the table, or some artificial name assigned for getting temporary
results of calculations).

When we calculate some function over columns in a block, we add another column with its result to the block, and we
don't touch columns for arguments of the function because operations are immutable. Later, unneeded columns can be
removed from the block, but not modified. This is convenient for elimination of common subexpressions.

Blocks are created for every processed chunk of data. Note that for the same type of calculation, the column names and



types remain the same for different blocks, and only column data changes. It is better to split block data from the block
header, because small block sizes will have a high overhead of temporary strings for copying shared_ptrs and column
names.

Block Streams

Block streams are for processing data. We use streams of blocks to read data from somewhere, perform data
transformations, or write data to somewhere. IBlockinputStream has the read method to fetch the next block while
available. IBlockOutputStream has the write method to push the block somewhere.

Streams are responsible for:

1. Reading or writing to a table. The table just returns a stream for reading or writing blocks.

2. Implementing data formats. For example, if you want to output data to a terminal in Pretty format, you create a
block output stream where you push blocks, and it formats them.

3. Performing data transformations. Let's say you have IBlocklnputStream and want to create a filtered stream. You
create FilterBlocklnputStream and initialize it with your stream. Then when you pull a block from FilterBlocklnputStream ,
it pulls a block from your stream, filters it, and returns the filtered block to you. Query execution pipelines are
represented this way.

There are more sophisticated transformations. For example, when you pull from AggregatingBlockinputStream , it reads all
data from its source, aggregates it, and then returns a stream of aggregated data for you. Another example:
UnionBlockInputStream accepts many input sources in the constructor and also a number of threads. It launches multiple
threads and reads from multiple sources in parallel.

Block streams use the "pull" approach to control flow: when you pull a block from the first stream, it consequently
pulls the required blocks from nested streams, and the entire execution pipeline will work. Neither "pull" nor "push” is
the best solution, because control flow is implicit, and that limits implementation of various features like
simultaneous execution of multiple queries (merging many pipelines together). This limitation could be overcome
with coroutines or just running extra threads that wait for each other. We may have more possibilities if we make
control flow explicit: if we locate the logic for passing data from one calculation unit to another outside of those
calculation units. Read this article for more thoughts.

We should note that the query execution pipeline creates temporary data at each step. We try to keep block size small
enough so that temporary data fits in the CPU cache. With that assumption, writing and reading temporary datais
almost free in comparison with other calculations. We could consider an alternative, which is to fuse many operations in
the pipeline together, to make the pipeline as short as possible and remove much of the temporary data. This could be
an advantage, but it also has drawbacks. For example, a split pipeline makes it easy to implement caching intermediate
data, stealing intermediate data from similar queries running at the same time, and merging pipelines for similar
queries.

Formats

Data formats are implemented with block streams. There are "presentational” formats only suitable for output of data
to the client, such as Pretty format, which provides only IBlockOutputStream . And there are input/output formats, such as
TabSeparated or JSONEachRow .

There are also row streams: IRowInputStream and IRowOutputStream . They allow you to pull/push data by individual rows,
not by blocks. And they are only needed to simplify implementation of row-oriented formats. The wrappers
BlockInputStreamFromRowInputStream and BlockOutputStreamFromRowOutputStream allow you to convert row-oriented
streams to regular block-oriented streams.

1/O
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For byte-oriented input/output, there are ReadBuffer and WriteBuffer abstract classes. They are used instead of C++
iostream s. Don't worry: every mature C++ project is using something other than iostream s for good reasons.

ReadBuffer and WriteBuffer are just a contiguous buffer and a cursor pointing to the position in that buffer.
Implementations may own or not own the memory for the buffer. There is a virtual method to fill the buffer with the
following data (for ReadBuffer ) or to flush the buffer somewhere (for WriteBuffer ). The virtual methods are rarely called.

Implementations of ReadBuffer / WriteBuffer are used for working with files and file descriptors and network sockets, for
implementing compression ( CompressedWriteBuffer is initialized with another WriteBuffer and performs compression
before writing data toit), and for other purposes - the names ConcatReadBuffer , LimitReadBuffer ,and HashingWriteBuffer
speak for themselves.

Read/WriteBuffers only deal with bytes. To help with formatted input/output (for instance, to write a number in decimal
format), there are functions from ReadHelpers and WriteHelpers header files.

Let's look at what happens when you want to write a result set in JSON format to stdout. You have a result set ready to
be fetched from IBlockInputStream . You create WriteBufferFromFileDescriptor(STDOUT_FILENO) to write bytes to stdout. You
create JSONRowOutputStream , initialized with that WriteBuffer , to write rows in JSON to stdout. You create
BlockOutputStreamFromRowOutputStream on top of it, to represent it as IBlockOutputStream . Then you call copyData to
transfer data from IBlockinputStream to IBlockOutputStream , and everything works. Internally, JSONRowOutputStream will
write various JSON delimiters and call the IDataType::serializeTextJSON method with a reference to IColumn and the row
number as arguments. Consequently, IDataType::serializeTextJSON will call a method from WriteHelpers.h : for example,
writeText for numeric types and writeJSONString for DataTypeString .

Tables

Tables are represented by the IStorage interface. Different implementations of that interface are different table
engines. Examples are StorageMergeTree, StorageMemory , and so on. Instances of these classes are just tables.

The most important IStorage methods are read and write . There are also alter, rename, drop, and soon. The read
method accepts the following arguments: the set of columns to read from a table, the AST query to consider, and the
desired number of streams to return. It returns one or multiple IBlockinputStream objects and information about the
stage of data processing that was completed inside a table engine during query execution.

In most cases, the read method is only responsible for reading the specified columns from a table, not for any further
data processing. All further data processing is done by the query interpreter and is outside the responsibility of IStorage .

But there are notable exceptions:

e The AST query is passed to the read method and the table engine can use it to derive index usage and to read less
data from a table.

o Sometimes the table engine can process data itself to a specific stage. For example, StorageDistributed can send a
query to remote servers, ask them to process data to a stage where data from different remote servers can be
merged, and return that preprocessed data. The query interpreter then finishes processing the data.

The table's read method can return multiple IBlockinputStream objects to allow parallel data processing. These multiple
block input streams can read from a table in parallel. Then you can wrap these streams with various transformations
(such as expression evaluation or filtering) that can be calculated independently and create a UnionBlockinputStream on
top of them, to read from multiple streams in parallel.

There are also TableFunction s. These are functions that return a temporary IStorage object to use inthe FROM clause of
aquery.

To get a quick idea of how to implement your own table engine, look at something simple, like StorageMemory or
StorageTinyLog .



As the result of the read method, IStorage returns QueryProcessingStage - information about what parts of the query
were already calculated inside storage. Currently we have only very coarse granularity for that information. There is no
way for the storage to say "l have already processed this part of the expression in WHERE, for this range of data". We
need to work on that.

Parsers

A query is parsed by a hand-written recursive descent parser. For example, ParserSelectQuery just recursively calls the
underlying parsers for various parts of the query. Parsers create an AST . The AST isrepresented by nodes, which are
instances of IAST.

Parser generators are not used for historical reasons.

Interpreters

Interpreters are responsible for creating the query execution pipeline from an AST . There are simple interpreters, such
as InterpreterExistsQuery and InterpreterDropQuery , or the more sophisticated InterpreterSelectQuery . The query execution
pipeline is a combination of block input or output streams. For example, the result of interpreting the SELECT query is
the IBlockinputStream to read the result set from; the result of the INSERT query is the IBlockOutputStream to write data for
insertion to; and the result of interpreting the INSERT SELECT query is the IBlocklnputStream that returns an empty result
set on the first read, but that copies data from SELECT to INSERT at the same time.

InterpreterSelectQuery uses ExpressionAnalyzer and ExpressionActions machinery for query analysis and transformations.
This is where most rule-based query optimizations are done. ExpressionAnalyzer is quite messy and should be rewritten:
various query transformations and optimizations should be extracted to separate classes to allow modular
transformations or query.

Functions
There are ordinary functions and aggregate functions. For aggregate functions, see the next section.

Ordinary functions don't change the number of rows - they work as if they are processing each row independently. In
fact, functions are not called for individual rows, but for Block 's of data to implement vectorized query execution.

There are some miscellaneous functions, like blockSize, rowNumberInBlock, and runningAccumulate, that exploit block
processing and violate the independence of rows.

ClickHouse has strong typing, so implicit type conversion doesn't occur. If a function doesn't support a specific
combination of types, an exception will be thrown. But functions can work (be overloaded) for many different
combinations of types. For example, the plus function (to implement the + operator) works for any combination of
numeric types: UInt8 + Float32, UInt16 + Int8, and so on. Also, some variadic functions can accept any number of
arguments, such as the concat function.

Implementing a function may be slightly inconvenient because a function explicitly dispatches supported data types
and supported IColumns . For example, the plus function has code generated by instantiation of a C++ template for each
combination of numeric types, and for constant or non-constant left and right arguments.

Thisis a nice place to implement runtime code generation to avoid template code bloat. Also, it will make it possible to
add fused functions like fused multiply-add, or to make multiple comparisons in one loop iteration.

Due to vectorized query execution, functions are not short-circuit. For example, if you write WHERE f(x) AND g(y) , both
sides will be calculated, even for rows, when f(x) is zero (except when f(x) is a zero constant expression). But if selectivity
of the f(x) conditionis high, and calculation of f(x) is much cheaper than g(y) , it's better to implement multi-pass
calculation: first calculate f(x) , then filter columns by the result, and then calculate g(y) only for smaller, filtered chunks
of data.



Aggregate Functions

Aggregate functions are stateful functions. They accumulate passed values into some state, and allow you to get results
from that state. They are managed with the |AggregateFunction interface. States can be rather simple (the state for
AggregateFunctionCount is just a single UiInt64 value) or quite complex (the state of AggregateFunctionUnigCombined is a
combination of a linear array, a hash table and a HyperLogLog probabilistic data structure).

To deal with multiple states while executing a high-cardinality GROUP BY query, states are allocated in Arena (a
memory pool), or they could be allocated in any suitable piece of memory. States can have a non-trivial constructor and
destructor: for example, complex aggregation states can allocate additional memory themselves. This requires some
attention to creating and destroying states and properly passing their ownership, to keep track of who and when will
destroy states.

Aggregation states can be serialized and deserialized to pass over the network during distributed query execution or to
write them on disk where there is not enough RAM. They can even be stored in a table with the
DataTypeAggregateFunction to allow incremental aggregation of data.

The serialized data format for aggregate function states is not versioned right now. This is ok if aggregate states are
only stored temporarily. But we have the AggregatingMergeTree table engine for incremental aggregation, and people
are already using it in production. This is why we should add support for backward compatibility when changing the
serialized format for any aggregate function in the future.

Server
The server implements several different interfaces:

o AnHTTP interface for any foreign clients.

o ATCP interface for the native ClickHouse client and for cross-server communication during distributed query
execution.

o Aninterface for transferring data for replication.

Internally, it is just a basic multithreaded server without coroutines, fibers, etc. Since the server is not designed to
process a high rate of simple queries but is intended to process a relatively low rate of complex queries, each of them
can process a vast amount of data for analytics.

The server initializes the Context class with the necessary environment for query execution: the list of available
databases, users and access rights, settings, clusters, the process list, the query log, and so on. This environment is
used by interpreters.

We maintain full backward and forward compatibility for the server TCP protocol: old clients can talk to new servers and
new clients can talk to old servers. But we don't want to maintain it eternally, and we are removing support for old
versions after about one year.

For all external applications, we recommend using the HTTP interface because it is simple and easy to use. The TCP
protocol is more tightly linked to internal data structures: it uses an internal format for passing blocks of data and it
uses custom framing for compressed data. We haven't released a C library for that protocol because it requires linking
most of the ClickHouse codebase, which is not practical.

Distributed Query Execution

Serversin a cluster setup are mostly independent. You can create a Distributed table onone or all serversin a cluster. The
Distributed table does not store data itself - it only provides a "view" to all local tables on multiple nodes of a cluster.
When you SELECT from a Distributed table, it rewrites that query, chooses remote nodes according to load balancing



settings, and sends the query to them. The Distributed table requests remote servers to process a query just up to a
stage where intermediate results from different servers can be merged. Then it receives the intermediate results and
merges them. The distributed table tries to distribute as much work as possible to remote servers, and does not send
much intermediate data over the network.

Things become more complicated when you have subqueries in IN or JOIN clauses and each of them uses a Distributed
table. We have different strategies for execution of these queries.

There is no global query plan for distributed query execution. Each node has its own local query plan for its part of the
job. We only have simple one-pass distributed query execution: we send queries for remote nodes and then merge the
results. But this is not feasible for difficult queries with high cardinality GROUP BYs or with a large amount of temporary
data for JOIN: in such cases, we need to "reshuffle" data between servers, which requires additional coordination.
ClickHouse does not support that kind of query execution, and we need to work on it.

Merge Tree

MergeTree is a family of storage engines that supports indexing by primary key. The primary key can be an arbitary tuple
of columns or expressions. Dataina MergeTree tableis stored in "parts". Each part stores data in the primary key order
(datais ordered lexicographically by the primary key tuple). All the table columns are stored in separate column.bin filesin
these parts. The files consist of compressed blocks. Each block is usually from 64 KB to 1 MB of uncompressed data,
depending on the average value size. The blocks consist of column values placed contiguously one after the other.
Column values are in the same order for each column (the order is defined by the primary key), so when you iterate by
many columns, you get values for the corresponding rows.

The primary key itself is "sparse”. It doesn't address each single row, but only some ranges of data. A separate
primary.idx file has the value of the primary key for each N-th row, where N is calledindex_granularity (usually, N =8192).
Also, for each column, we have column.mrk files with "marks," which are offsets to each N-th row in the data file. Each
mark is a pair: the offset in the file to the beginning of the compressed block, and the offset in the decompressed block
to the beginning of data. Usually compressed blocks are aligned by marks, and the offset in the decompressed block is
zero. Data for primary.idx always resides in memory and data for column.mrk files is cached.

When we are going to read something from a part in MergeTree , we look at primary.idx data and locate ranges that could
possibly contain requested data, then look at column.mrk data and calculate offsets for where to start reading those
ranges. Because of sparseness, excess data may be read. ClickHouse is not suitable for a high load of simple point
queries, because the entire range with index_granularity rows must be read for each key, and the entire compressed block
must be decompressed for each column. We made the index sparse because we must be able to maintain trillions of
rows per single server without noticeable memory consumption for the index. Also, because the primary key is sparse, it
is not unique: it cannot check the existence of the key in the table at INSERT time. You could have many rows with the
same key in a table.

When you INSERT a bunch of datainto MergeTree , that bunch is sorted by primary key order and forms a new part. To
keep the number of parts relatively low, there are background threads that periodically select some parts and merge
them to a single sorted part. That's why it is called MergeTree . Of course, merging leads to "write amplification”. All parts
areimmutable: they are only created and deleted, but not modified. When SELECT is run, it holds a snapshot of the
table (a set of parts). After merging, we also keep old parts for some time to make recovery after failure easier, so if we
see that some merged part is probably broken, we can replace it with its source parts.

MergeTree is not an LSM tree because it doesn't contain "memtable” and "log": inserted data is written directly to the
filesystem. This makes it suitable only to INSERT data in batches, not by individual row and not very frequently — about
once per second is ok, but a thousand times a second is not. We did it this way for simplicity's sake, and because we are
already inserting data in batches in our applications.

MergeTree tables can only have one (primary) index: there aren't any secondary indices. It would be nice to allow
multiple physical representations under one logical table, for example, to store data in more than one physical order or



even to allow representations with pre-aggregated data along with original data.

There are MergeTree engines that are doing additional work during background merges. Examples are
CollapsingMergeTree and AggregatingMergeTree . This could be treated as special support for updates. Keep in mind that
these are not real updates because users usually have no control over the time when background merges will be
executed, and dataina MergeTree tableis almost always stored in more than one part, not in completely merged form.

Replication

Replication in ClickHouse is implemented on a per-table basis. You could have some replicated and some non-replicated
tables on the same server. You could also have tables replicated in different ways, such as one table with two-factor
replication and another with three-factor.

Replication is implemented in the ReplicatedMergeTree storage engine. The path in ZooKeeper is specified as a parameter
for the storage engine. All tables with the same path in ZooKeeper become replicas of each other: they synchronize their
data and maintain consistency. Replicas can be added and removed dynamically simply by creating or dropping a table.

Replication uses an asynchronous multi-master scheme. You can insert data into any replica that has a session with
ZooKeeper , and data is replicated to all other replicas asynchronously. Because ClickHouse doesn't support UPDATEs,
replication is conflict-free. As there is no quorum acknowledgment of inserts, just-inserted data might be lost if one
node fails.

Metadata for replication is stored in ZooKeeper. There is a replication log that lists what actions to do. Actions are: get
part; merge parts; drop partition, etc. Each replica copies the replication log to its queue and then executes the actions
from the queue. For example, on insertion, the "get part" action is created in the log, and every replica downloads that
part. Merges are coordinated between replicas to get byte-identical results. All parts are merged in the same way on all
replicas. To achieve this, one replica is elected as the leader, and that replica initiates merges and writes "merge parts"
actions to the log.

Replication is physical: only compressed parts are transferred between nodes, not queries. To lower the network cost (to
avoid network amplification), merges are processed on each replica independently in most cases. Large merged parts
are sent over the network only in cases of significant replication lag.

In addition, each replica stores its state in ZooKeeper as the set of parts and its checksums. When the state on the local
filesystem diverges from the reference state in ZooKeeper, the replica restores its consistency by downloading missing
and broken parts from other replicas. When there is some unexpected or broken data in the local filesystem, ClickHouse
does not remove it, but moves it to a separate directory and forgets it.

The ClickHouse cluster consists of independent shards, and each shard consists of replicas. The cluster is not elastic,
so after adding a new shard, data is not rebalanced between shards automatically. Instead, the cluster load will be
uneven. This implementation gives you more control, and it is fine for relatively small clusters such as tens of nodes.
But for clusters with hundreds of nodes that we are using in production, this approach becomes a significant
drawback. We should implement a table engine that will span its data across the cluster with dynamically replicated
regions that could be split and balanced between clusters automatically.

ARl ClickHouse & &)
L% Git [ Pbuilder

sudo apt-get update
sudo apt-get install git pbuilder debhelper Isb-release fakeroot sudo debian-archive-keyring debian-keyring

}IBY ClickHouse B3



git clone --recursive --branch stable https://github.com/yandex/ClickHouse.git
cd ClickHouse

BITRMHAZE

Jrelease

WRIEF R 1L FERR1E ClickHouse

AR EFERTE Ubuntu Linux RS ITRIZNRAE], @ETEBEHMEN , ERZR LERFEMMEM Linux £1ThR. XZEFER
%5 SSE 4.21 x86_64, ¥t AArch64 Byz35ESCia 1Ry,

MK B EZIFSSEAL2 , }IT !

grep -q sse4_2 /proc/cpuinfo && echo "SSE 4.2 supported” || echo "SSE 4.2 not supported"”

%% Git #1 CMake

sudo apt-get install git cmake ninja-build

Or cmake3 instead of cmake on older systems. Z& £ R MR AR R G A cmake3 21X cmake

LR GCC7
There are several ways to do this.

TEPPA S

sudo apt-get install software-properties-common
sudo apt-add-repository ppa:ubuntu-toolchain-r/test
sudo apt-get update

sudo apt-get install gcc-7 g++-7

TEB %K gcc

EEF ci/build-gcc-from-sources.sh

{#F GCC 7 KR4mi¥

export CC=gcc-7
export CXX=g++-7

TRFN T EAKRE

sudo apt-get install libicu-dev libreadline-dev

}iBY ClickHouse j&R#5


https://github.com/yandex/ClickHouse/blob/master/ci/build-gcc-from-sources.sh

git clone --recursive git@github.com:yandex/ClickHouse.git
## or: git clone --recursive https://github.com/yandex/ClickHouse.git

cd ClickHouse

For the latest stable version, switch to the stable branch.

%mi% ClickHouse

mkdir build
cd build
cmake ..
ninja

cd ..

EECIBE—MITXEE , T ninja clickhouse , IXMNERSRIEIF dbms/programs/clickhouse XEFRTHIT |

or server SELE1T,

£ Mac OS X H4g1% ClickHouse

Uerd
m

RAETLAMER client

ClickHouse #¥7E Mac OS X 10.12 lR A 4wiF, ELRERERNRERRRE , FTUZIRETRSHPER Gentoo Prefix #l

clang sl . BLEHMIE LR , ENIZA] AERTEFEME Linux Z1ThR.

L% Homebrew

/usr/bin/ruby -e "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/master/install)"

brew install cmake ninja gcc icu4c mariadb-connector-c openssl libtool gettext readline

hIBY ClickHouse JE#S

git clone --recursive git@github.com:yandex/ClickHouse.git
## or: git clone --recursive https://github.com/yandex/ClickHouse.git

cd ClickHouse

For the latest stable version, switch to the stable branch.

4%1% ClickHouse

mkdir build

cd build

cmake .. -DCMAKE_CXX_COMPILER="which g++-8" -DCMAKE_C_COMPILER="which gcc-8"
ninja

cd ..
EBEI

E{RI8IB1T clickhouse-server , BEBFRIEMARNRAXGFHEE,

NGER PJeeHFE A sudo



Al , EEIRA T XM

/Library/LaunchDaemons/limit.maxfiles.plist:

<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE plist PUBLIC "-//Apple//DTD PLIST 1.0/EN"
"http://www.apple.com/DTDs/PropertyList-1.0.dtd">
<plist version="1.0">
<dict>
<key>Label</key>
<string>limit.maxfiles</string>
<key>ProgramArguments</key>
<array>
<string>launchctl</string>
<string>limit</string>
<string>maxfiles</string>
<string>524288</string>
<string>524288</string>
</array>
<key>RunAtLoad</key>
<true/>
<key>ServicelPC</key>
<false/>
</dict>
</plist>

HMITUTES -
$ sudo chown root:wheel /Library/LaunchDaemons/limit.maxfiles.plist

REER,

B BAEBIE ulimit -n AR RSB T LN,

WMEIRE C++ K15

—RRERIY

1LUTRRIN , ARER,

2 MBAFEEMATD , MTEEHRBREENLL,

3. RBHUREBRE B, —MOREERTERS , #E5ERRRE,
AFZMNREEERE ; TR MBS REN,

B

1. RABHERET A clang-format EIFHFERL,

2. s RAN T, BEFRINE , €18 TAB RRFMM =48,
3. EARIES RERIBNIT,

inline void readBoolText(bool & x, ReadBuffer & buf)
{

char tmp = '0';

readChar(tmp, buf);

x =tmp |='0}

}



A EEANTERNE—IT #d , WeJMREIRRTE. EEESARRESSE (RTITEMNZER) .

inline size_t mask() const { return buf_size() - 1; }
inline size_t place(HashValue x) const { return x & mask(); }

5.3 FE. FEEESHEREZE,

void reinsert(const Value & x)

memcpy(&buf[place_value], &x, sizeof(x));

6.7Eif , for , while FIEMMFTARNP , EAESHTEHBEA—IZE (5RHFBEER ) .

for (size_t i = 0; i < rows; i += storage.index_granularity)

1.78_TBES (+, -, ", /[, % ,..)M=TEEF 2 AERINZE,

UInt16 year = (s[0] - '0") * 1000 + (s[1] -'0") * 100 + (s[2] - '0") * 10 + (s[3] - '0');
UInt8 month = (s[5] - '0") * 10 + (s[6] - '0");
UInt8 day = (s[8] - '0") * 10 + (s[9] - '0');

8. ER/MIT , TN ZAGENT L |, F BB NMAYLEEH,

if (elapsed_ns)
message << " ("
<< rows_read_on_server * 1000000000 / elapsed_ns << " rows/s., "
<< bytes_read_on_server * 1000.0 / elapsed_ns << " MB/s.) ";

9. MRFE , ATUAE—ITRERZEHERIIT,

dst.ClickLogID = click.LogID;
dst.ClickEventID = click.EventID;
dst.ClickGoodEvent = click.GoodEvent;

10. REE ., > ABEMAZI®

WELE , ZEMAIUERET—17. EXMMELT  ErlEfHE 28N,

M. AEERAERRDA—TEEN (-, ++, 7, &,..) B,
12.EESFEEM—IERE , MAREZR. BEFOANBES for BFHRNDS,
1B. NEZRZEBAF | BEMN,

14. 7E template <...> RIANH , 7£ template Fl < FIA—NEHE |, & < FEHEE > BIEHEBAEETE,

template <typename TKey, typename TValue>
struct AggregatedStatElement
{}

15. TERFNLEMKRA |, public , private BAK protected [E class/struct TLELEH , EMIEm4E5H,



template <typename T>
class MultiVersion

{

public:
/Il Version of object for usage. shared_ptr manage lifetime of version.
using Version = std::shared_ptr<const T>;

16. PRI BN HFEHMEREA namespace , FEGEEMEBZIIZRT , N namespace FAREERRBE,

17.7E if, for, while FEIEMMRBIRA , HERLE—NEITH statement , BBAKXIESEATER, TTLAYE statement HEEI—
78, IMNNEIMERFERER if , for , while , ...

BRINRAER statement BIZKIES K else , MIMNBRIZAKIESIELR,

/Il Finish write.
for (auto & stream : streams)
stream.second->finalize();

18. ITHEERNZ B 2=,
19. IR 4% A3 UTF-8 4whd,

20. FEASCIFFE] T FHFEXF,

<< ", " << (timer.elapsed() / chunks_stats.hits) << " psec/hit.";

21 REBE—{THEASIPRIAL,
22 BRI A , FFENST BT —1THETH .
23. 4% R, EA—PHANIZEITHH.

24. const WNBERB B ZH],

/[correct

const char * pos
const std::string & s
/lincorrect

char const * pos

25. FERTEE S| AR, - M & FSMANIZEATES IR,

//correct

const char * pos
//incorrect

const char* pos
const char *pos

26. EARIREERE , £/ using XBFWENEITHIR (RERMERRSM) .
®ENIER , RIRSEUNE using FIEE , FEAERBREES,
using B] ATEZS S ER | FISN7ER ISR,

/lcorrect

using FileStreams = std::map<std::string, std::shared_ptr<Stream>>;
FileStreams streams;

/lincorrect

std::map<std::string, std::shared_ptr<Stream>> streams;



27. REAE—MEARFRRELENS I EE,

/lincorrect
int x, *y;

28. NEERCKIZRILEE IR,

/lincorrect

std::cerr << (int)c <<; std::endl;

/[correct

std::cerr << static_cast<int>(c) << std::endl;

29. EHEMLEH T |, LA RAFR RS AESE WSEER,

30. W F/NELEH |, RBLERHGEFBSRIMD .

SRR ESREM PN TT A B R ANILE,

ST RIRICENGEN , ABEKHEFBEXUAS A (AABWENDIER —MERBTHEX )
31. EA UG R THIME 140N F/F |, MARBONFEH,

32. NRAFE postfix , IBIRLERRIGKIEE/BEZEN,

for (Names::const_iterator it = column_names.begin(); it = column_names.end(); ++it)

Comments
1. BZWHEIEEEZNNR LI RINER,
BRRIEFEEN, REEIBRESEBNESRIARBARYEN , ERITHER.

/** Part of piece of memory, that can be used.
* For example, if internal_buffer is 1MB, and there was only 10 bytes loaded to buffer from file for reading,
* then working_buffer will have size of only 10 bytes
* (working_buffer.end() will point to position right after those 10 bytes available for read).
*/

2. EREICARPTREIF 4,
3. £t NERR I 2RI E TR, EROBIBEAT  ERAIUEREBZE  ER—1TL.

/** Parses and executes the query.
*/
void executeQuery/(
ReadBuffer & istr, // Where to read the query from (and data for INSERT, if applicable)
WriteBuffer & ostr, /// Where to write the result
Context & context, /// DB, tables, data types, engines, functions, aggregate functions...
BlockInputStreamPtr & query_plan, /// Here could be written the description on how query was executed
QueryProcessingStage::Enum stage = QueryProcessingStage::Complete /// Up to which stage process the SELECT query

)
4. IRNZAARXEE,
5. IRBIEERERE , BHELTAXEGRESHRENIFMEIR,

6. B7RIMEMEERE, HHIR , FEB FTRIFN=ER



* Procedure Name:

* Original procedure name:
* Author:

* Date of creation:

* Dates of modification:
* Modification authors:
* Original file name:

* Purpose:

* Intent:

* Designation:

* Classes used:

* Constants:

* Local variables:

* Parameters:

* Date of creation:

* Purpose:

XA REIFETF http://home.tamk.fi/~jaalto/course/coding-style/doc/unmaintainable-code/,

1. FEEBNMXHALB ANIRER (1FE | SIEZHEA...) .

8. BITERA=ARNT © 1, ZITIERU /- AR, XEERSEMOUY,

EE : BEILAER Doxygen MIXLEERFAR AR, {ER2EE R EM Doxygen , E X7 IDE REMRBESE,
9. ZITERMALNERENEFEZIT (RASITIERBIITIRIN) .

10. EFRERE , BEAENIR , AR CRER,

M. AR Z AR BRI TRUERERS.

2. ABE IR BRERAREES,

B.AEERAREFE, NEERAISHTRNES,

/Il WHAT THE FAIL?7?7?

14. FEERERRGE DR,

15. REFEERPAKITIE.
/Il Why did you do this stuff?
16. REWEERIWRES —FERRBARENZ N,

/Il for

Names
1. ELEMNEMRNEHPERT T UL NEFE,
size_t max_block_size;
2.0 F R (F75iE) MEM , BERNNEFEHLMEIEIRR,

std::string getName() const override { return "Memory"; }


http://home.tamk.fi/~jaalto/course/coding-style/doc/unmaintainable-code/

3. FE (FM) BN , FRAUKRKEFEALMNEIERNR, BEOBMAIRILA,
class StorageMemory : public IStorage

4. using AR VEEMERE , HE U _t' 8B,
5. RIRKBSHMBT  EEBEMBERT , EBT; T, U; T, T2,

WFEERNER , BAEREERZAN , ELRMEIET,

template <typename TKey, typename TValue>
struct AggregatedStatElement

6. RIREESWMB | BETERMIAN , NEEHRMBERTER N,

template <bool without_ www>
struct ExtractDomain

7. W FHKRER (D) , B A%
class IBlockInputStream

8. MREXMERTE , MeCAERERT,
EFRBEEMBERT , BEREHMIRE XHB.

bool info_successfully_loaded = false;

9. define M EFHEENBIFERAT FXIZE ALL_CAPS,

##define MAX_SRC_TABLE_NAMES_TO_STORE 1000

10. X+ BN ER S EREHERIEL.

MRXHBZBEANE , MUSZERZHERNAG G R
MRXHEEZBEANRE , NUSRBBHERN AN GREX M.
M ANRBMEIHS , W :

o WFTEL , FEMNERINEFR mysqgl_connection ( A2 mySQL_connection ) o
o WFEFRBHVRH , BIEARESFHERBELS MySQLConnection ( AN7& MySqlConnection

12. (RATHBLERRARNMESEZSRNGR AN S XM REE , EREER T,

FileQueueProcessor(
const std::string & path_,
const std::string & prefix_,
std::shared_ptr<FileHandler> handler_)
: path(path_),
prefix (prefix_),
handler(handler_),
log(&Logger::get("FileQueueProcessor"))

RSB E PR RERIZSE , WeJAEE T &R R.

13. GEBEMEMANBIFRBEX A (RFERR) .



timer (not m_timer)

14. 3 F enum FMVEE , BERTASFEIEIERR, ALL_CAPS the]BAER, R enum FIEAIHMAY

class ,

enum class CompressionMethod

{
QuickLZ = 0,
Lz4 =1,

15
15. FERFUMRRX, FRTFFIFHIBESIE,
not Stroka
16. EE TR ARFIEN ( HEF] UELEEBMEIE RS ZBPEMHEIRENS XA ) .
"AST,'sQL.
Not "NVDH" (some random letters)
NRGFERAZFERR , Me] AEZATBIEI,
MREIBRFBNEELE , BHAIUERES,
17. C++ RIBSF BN cpp ThBBR. AXHFLTA h HBRB,

LITOE TSI T

1. AFEIE,

FENNTFRERM (delete ) RBETEEILIDHER,
TEERBH |, delete BEFAFRBEEMMER R PER,
ENAEFABRT , AFLARBEENNRER,
N

o REBEMFGERRENRMEER L , EEM NS — ML R,
o WFREBIWR , BERAEES.
o WTFBEMBMLEEMERIINEG , STLAFE shared_ptr/unique_ptr o

2. FIREE,

£/ RAI AREB L LR,

3. FRALIE,

ERZHEBEAT  BREZNME-IRE  MARTEHHEE (EHRAI),
EBRLARIEAENAEFT BRI URZRHRRE,
ERIERFERRS SRR , B8 RNERERELERFIENREE.,
FELRRRYTP , FMIZE join ZEHFEAREBAEREUETLEREHRMHEN].

, 1BfEF enum



/Il If there weren't any calculations yet, calculate the first block synchronously
if (Istarted)
{

calculate();

started = true;

}

else /// If calculations are already in progress, wait for the result
pool.wait();

if (exception)
exception->rethrow();

ARHEATERERE, XKEZAESEMEREFEFHICRIARE

//Not correct
catch (...) {}

IREFREDZBRELEE , BUETRERERTILREHERMEAERRE,

catch (const DB::Exception & e)

{
if (e.code() == ErrorCodes::UNKNOWN_AGGREGATE_FUNCTION)

return nullptr;
else
throw;

HEABEBIRMMEE ermo FIREET , BIRAKEERARLMBHRNNEFE,

if (0 != close(fd))
throwFromErrno("Cannot close file " + file_name, ErrorCodes::CANNOT_CLOSE_FILE);

TEFRIE .
4. REER,
AEFEENARFREBRERERAMRERREN, RABEINZNERREXS,
5. AR RN EH 75
NEVGXF , (BRIFXFE,
TREBPATIEIN

o BIB—NEE ( done () TX finalize () ) , ENRFRAITHFAETTRESHEENIE. NRIBEATIZHRLE , WHEEENR
MR ZEERE,
o IFEHMES (FINBEINEZLEZER ) PJURERIRIFES , KAFPUIEHEBRZAIEREN
o MRFTMEBPEFERE  WRFICREMAZREE (R logger 5TH ) ,
o EBMBMNARERT , KT std:terminate ( WFC++ 1B EKINEL T A noexcept HIER ) RGBS E RETIES
9,
6. ERCIDIR,

ERIAE BN R AR BIRMABER , MERLEEEMNENTE , UETIR LRI ARTHERL,



Block block = data.in->read();

{

std::lock_guard<std::mutex> lock(mutex);
data.ready = true;
data.block = block;

}

ready_any.set();

7. 2475,
ERSHEAIERFT

o ZHAERNCPUZID E3RGREMRE. AT, eI MRIEFZEFH 1T,
MRS IRAA

o ERLIBRAIEER, U , BMEEEEMNFERFZE LT XRES,
Fork R FH1T71t.
8. ¥ 4iE,
BEITUERARNLZERATENFERT (EEEY : AENEFL) | FERNMEREFRLZIERS (FR7T joinAll ),
MRBERL , ERBSHIBERAT , 7 lock guard TEREREMEB T,
FEEMIERAT , FARKERTFEIE FAEERILES.
RESRERER T A RERRFERE,
MRAEREBHEZEZ WY , BNAEZ L BEBIESEM,
9. {5 €151 A,
REBH1ERT , BA5IA,
10. £ £,
M const 5| , HEEEEHY3EET , const_iterator I const ¥ %t,
¥ const W AEKIAE , (REVEREAIE const,
HIREZBTER |, £ const BEREEX.
M. £S5,
WERHER unsigned ,
12, BUEEREL,
€M UInt8 , Uint16 , Ulnt32 , Ulnte4 , Int8 , Int16 , Int32 , AR Inté4 , size t , ssize_t FH ptrdiff_t,
ARE(FERXLEZEA : signed/ unsigned long , longlong , short , signed/unsigned char , char,
13. SH1EE,
TSI RESEEFER (BHE stdustring ) o
NRERBPEBHEPLIRAIITR , MESEELELS shared ptr 3{FE unique_ptr .

14. 3R [O{E



KEBD B TER return o RE(ER [return std:move(res)){ strike} o

MREEHEE NN RIFREE , i§fEF shared_ptr 3% unique_ptr .

AERVEEAT B FEEISHROE, EXMELT , SBNZES| AESEH,
using AggregateFunctionPtr = std::shared_ptr<IAggregateFunctions;

/** Allows creating an aggregate function by its name.

class AggregateFunctionFactory

{
public:
AggregateFunctionFactory();
AggregateFunctionPtr get(const String & name, const DataTypes & argument_types) const;

15. SR R =8,

RBWENNRAEFNAERBIRE namespace ,

NBUEHBAFEIN

SHFARRELEE |, FUFATBCEIRTE namespace H,

FERER) h X, BETBAER namespace detail SREREN AIZFRBAEZMTIMAT,

£ cpp XHH , BEILAER static SKER TS Z BRRE TS,

[E#% namespace BJAT enum UARGIEFEMEIRFEZEAIME namespace ({EERIFER enumclass ) ,

16. LR YIIAL.

MRVNANULTESE , WBLBEE NN LIRS RN ISR,

NRHEBFEFELIRYANL , WaTBURINGF RIZ TR RIS RE, BE , WFLEWR , KR LAER shared_ptr/

unique_ptr

Loader(DB::Connection * connection_, const std::string & query, size_t max_block_size_);

/Il For deferred initialization
Loader() {}

17. BRI,
MRZERRATSHMER , WAEEERBIRE NEN, XHER TR,
18. 4whd,
ERTBIE N NER UTF-8 4wi8, {EF std:string and char* ., ANE{EA std:wstring 0 wcehar_t,
19. B,
BESHABHRRG,
ERRZA, MMRAELEXFIFRAFIER , UWREFMEMERMETREL.
Rrizig REHICR AR , BIfELE Trace KRt 2L,
SV BEICRRAIE AT,
ERSHERT , ANENARFRBREREEILR.

E Iu\lﬁ/u\%\;ﬁjﬁﬁ ﬁygﬁio



WFRAEESUKN , HERFZ IR,

ANEERERERTRES.,

FEHERERUTF-84m18, ERDVBIBAT , EeTUERESHERIEASCIFT,

20. A\ -fait,

RNEEF iostreams ENNAEFMHEZEXSENANEEAR (FEKZREER stringstream ) ,
&M DB/IO BB,

21. HHAF0RY (8],

8% DatelLUT &,

22. 5| AKX,

—HEH #pragma once MAREAE,

23. using 1&i%

using namespace NEWIEM, HEICAERIFER using, BRAELRBPETM DB,
24. RE(ER trailing return type JyAEHITHEE,

[auto f() -&gt; void;]{.strike}

25. FERFIHI IR B &,

/Iright way
std::string s = "Hello";
std::string s{"Hello"};

/wrong way
auto s = std::string{"Hello"};

26. W FREE , EEEDPRE vitval , BEFREPRE override MR virtual ,

RSB RZIR C++ 451,
1. RMEFA ISR,

2. NMEMA C++03 A F Bk,

Fa

1. B AREF A RSN,

EEHEMFMERNERLT , SEETEAIBENRE,

2,185 : C++17.

3.4RiFR] . goc, UERY (2017128 ) , REBEMA7.2MR%HIFE. (EHRICAER clang 4 4wiF )
fEFAFRAERE (libstde++ B libc++ )o

4. 12{F R4 : Linux Ubuntu , ASLE Precise &,

5. X182 71x86_64 CPUZREM RS Y,



CPURRSERRINRSRPZHNZNES, BHAl, ERSSE4.2,

6. {EF -Wall -Wextra -Werror 4Ri¥2%,

7. B EEFAERSEHE | R T AL URBSERENE (80 1dd <rEt ) .
8. A ABIRERA LA,

TH

1. KDevelop &—/NFHY IDE.

2. @R T A{ER gdb , valgrind ( memcheck ), strace , -fsanitize=... , X tcmalloc_minimal_debug .
3. W FHERES T , R Linux Perf , valgrind (callgrind ) , 3X& strace -cf ,

4. RS A Git fERRAS I,

5.{F CMake %,

6. EFRIRTER deb TXRE.

7. 12322 master 3 XK BREERIFRIE,

SRIABEENETHIN DR TITH,

8. RAJREZ B TR , BMEB AR ESTF T,

BRIBBRAYINGE | EAH X,

YNR master NZHPRVIBRARFIME | B push ZEGEMMZFHR, BREELRATHEMIRE,
9. WFAEEMNEN , BEANIHAERSHELLRHBENL

10. REEFFIREHE M repo FHlER.

=

1. ERAC++ 1445 R (SVFRIRMEINAE ) |, BAK boost 1 Poco HEZE,

2. NBWE , EEILER OS Bl RR HEMEFI S A0,

MRE-—NMFNBRAREZTA , AMERE , MEXIBREMVALR S — 1M E,
(QEE:Y:3-PRNTEN 578 o5 0]=))

3.AIRRH BB ERENRG ENETI N IIRA L HEIRIIMIFER , Na] UL RAERE BRI,
AMRERNFESEECHERERS , BRIFEXXHERIE contrib XX,

5. iR REEIREZERNE,

—RREIN
1. RETEERE RIS,
2. 2 AR LN NEI,

3. FEfRAE RN TR RSB IMEEZR] , AERSCHE,



A ERERMBERT , (£A using MAR LKL,

5.0NReTeE , NEREEFMWISRL , MEEEN , MR (EMEBFRS  MREEBEEZD N ERHD)
HEBREEEN, ROIER , RERENORBOAEETIE, ETUER defaul,

6. SZmNiE LIS, RATRER/IMUREEIRIN,

HAthEZixX

1. JA stddef.h BREIERE std :: HUZEEL,

T, mEIEH , BRATEINS size_t AR stdsize_t , AANEEE,

WERRM sta::,

2. AR ECERRREBATRIETE std:

AR, BEIER , B memcpy MARE std:memcpy o

[REREEMRVAEARAEINEE , BIIN memmem , FANBREERXLEINEE, namespace std PARTFEIXLER L,
WRFEEE std:memepy MIAZE memcpy , BBAEE std: B memmem SEBREFIR,

AT, MREEE , HAFTAER std::,

3. YRECHE PR AR EET |, ERACHIER,

MREESW , XEA]

=

B,
5140 , 85 memcpy AR std::copy RE Bl KIRATE,
4. FEHB TS

AR EMEREFD

function(
T1 x1,
T2 x2)

function(
size_t left, size_t right,
const & RangeslnDataParts ranges,
size_t limit)

function(size_t left, size_t right,
const & RangesInDataParts ranges,
size_t limit)

function(size_t left, size_t right,
const & RangesInDataParts ranges,
size_t limit)

function(
size t left,
size_t right,
const & RangesinDataParts ranges,
size_t limit)

ClickHouse jMjizt



TngetEmlia,

DneEMM X R R EEFERR., BAE5 ClickHouse BITARERT BAEIT TN REMEMARARMNIN |, (EAICIEBRYE CXER o T iz
.‘lito

BN 2 EIEEIETTH ClickHousefk 5288 &1 XZ— MBS NEI , FHFERSTHALEREITILE,

MILEBITE doms/srcitests/queries B3R, XBEMWNTFE R : stateless Fll stateful B3Rk, FTEARSEUNIL T FFRI0EM 128
BE - BERENRZTHENSEIRBNENBIESE. BRESMIAEERE Yandex.Metrica BIFINEMIXEIE , MA@ —
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WF R HINBURRVEA |, BREMEIMIK, LM RIMEARS 28 _£151T ClickHouse S8 RN ZHHRER AL : MERS |
MIBBEZR (ClickHouse &2 , ClickHouse 1 ZooKeeperZg] , ClickHouse BRERBIMEFixzEE ) |, #H1T kil -

9 , kil -STOP # kill -CONT SHR1E , Efllepsen, ARG , MiXKERTEEAMEBEMRIAMIEA , FEFRBEIELIVEA
KRB A,

f£ ClickHouse FFRZ AT , IV 2 H BIRMIBIARERY , BiZEIAAREEA ClickHouse , MIXZ7E Java RRINRE
B, BFXLRE , wNEESHNMRAFERZEMMIL,
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4w1% ClickHouse, #E#r<{THiz1T ClickHouse : i# A\ dbms/src/programs/clickhouse-server BRFFIBIT /clickhouse-server , E
SEINERALYFI BRI E STE (config.xml , users.xml LAKRTE config.d F users.d BRISE), vTLAEA
dbms/src/programs/clickhouse-client/clickhouse-client JE3EFEEIEE,

& |, eI L&E % ClickHouse #R{4 8 : M Yandex ZEERKEIZTERAE , HEIERTUATEClickHouselRiR B XA {ER
Jrelease MEBE YR, JASER sudo service clickhouse-server start JAEIARZ 28 (SIEIEARSZ 2R ) ., 7E /etc/clickhouse-

server/clickhouse-server.log & HE,
HENRAZLBRLRT ClickHouse Bt , #E] AN —/NERY clickhouse IS 4 FH & H#aI1 B B9 Z 3 IS0 4 :

sudo service clickhouse-server stop
sudo cp ./clickhouse /ust/bin/
sudo service clickhouse-server start

BRI AZ LE clickhouse-server FH{ERERNEEZTEE RS2 , HEITENR| LI ¢
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sudo service clickhouse-server stop
sudo -u clickhouse /usr/bin/clickhouse server --config-file /etc/clickhouse-server/config.xml

&R gdb B9—~ Rl

sudo -u clickhouse gdb --args /usr/bin/clickhouse server --config-file /etc/clickhouse-server/config.xml

R clickhouse-server EZETHBBABELLE |, EeIBAEX configxml FRVIRAS (ZHIE config.d BRPBINEHE
=)  BEEESSHNHUERRZR , ABEBTE,

clickhouse —#HIXHILFRBRIKRR , ERTEM Linux K1ThR, EBEMNLARS 25 ERIER , BRI AR B HEHE
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Yandex.Metrica BIRAT B @@, HEMEETLLBEUTARTERMA :

SELECT hostName() AS h, any(version()), any(uptime()), max(UTCEventTime), count() FROM remote(‘example01-01-{1..3}t', merge, hits)
WHERE EventDate >= today() - 2 GROUP BY h ORDER BY h;
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clickhouse-client --query="SELECT DISTINCT query FROM system.query_log WHERE event_date = today() AND query LIKE '%oym:%' AND
query NOT LIKE '%system.query_log%' AND type = 2 AND is_initial_query" > queries.tsv
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1’91, is_initial_query =fUERHEFPIRALENENE , MARH ClickHouse &8 (fEAHNHXERLIEI—E5) .
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BRAFEECHVIR LME (UTEEICAHEIRNEE ) |, BEFE , BTFEFNEGIREFILRES N , HIFRER 03 &
EMESEE, HEHclang MER , FA libct+ MAR libstde++ , FEEFERAIENENMER , FARIERRAH

libc++ , EAGFERITIIERE S HIR.

Sanitizers

Address sanitizer. 1 1E EMERXAVEM E7E ASan FizfTIIEEFIE RN,
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WX ATFE, HIBE GitHub ERIZXAENERES , FAMFEARC A "B AMEE" , FA18Y Cl REEHF A EME ClickHouse B
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£ Jenkins , BALSITFEMI |, #EIFB2BMIR, FHAER Jenkins SRIEEFNRMIRA, Jenkins@—MERMIEA , FTEH
TIRR AR R AR,

Third-Party Libraries Used

Library License

base64 BSD 2-Clause License
boost Boost Software License 1.0
brotli MIT

capnproto MIT

cctz Apache License 2.0
double-conversion BSD 3-Clause License
FastMemcpy MIT

googletest BSD 3-Clause License
hyperscan BSD 3-Clause License
libbtrie BSD 2-Clause License
libcxxabi BSD + MIT

libdivide Zlib License

libgsasl LGPLv2.1

libhdfs3 Apache License 2.0
libmetrohash Apache License 2.0
libpcg-random Apache License 2.0
libressl OpenSSL License
librdkafka BSD 2-Clause License
libwidechar_width CCO0 1.0 Universal
llvm BSD 3-Clause License
1z4 BSD 2-Clause License
mariadb-connector-c LGPLv2.1
murmurhash Public Domain
pdgsort Zlib License
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https://github.com/aklomp/base64/blob/a27c565d1b6c676beaf297fe503c4518185666f7/LICENSE
https://github.com/ClickHouse-Extras/boost-extra/blob/6883b40449f378019aec792f9983ce3afc7ff16e/LICENSE_1_0.txt
https://github.com/google/brotli/blob/master/LICENSE
https://github.com/capnproto/capnproto/blob/master/LICENSE
https://github.com/google/cctz/blob/4f9776a310f4952454636363def82c2bf6641d5f/LICENSE.txt
https://github.com/google/double-conversion/blob/cf2f0f3d547dc73b4612028a155b80536902ba02/LICENSE
https://github.com/yandex/ClickHouse/blob/master/libs/libmemcpy/impl/LICENSE
https://github.com/google/googletest/blob/master/LICENSE
https://github.com/intel/hyperscan/blob/master/LICENSE
https://github.com/yandex/ClickHouse/blob/master/contrib/libbtrie/LICENSE
https://github.com/yandex/ClickHouse/blob/master/libs/libglibc-compatibility/libcxxabi/LICENSE.TXT
https://github.com/yandex/ClickHouse/blob/master/contrib/libdivide/LICENSE.txt
https://github.com/ClickHouse-Extras/libgsasl/blob/3b8948a4042e34fb00b4fb987535dc9e02e39040/LICENSE
https://github.com/ClickHouse-Extras/libhdfs3/blob/bd6505cbb0c130b0db695305b9a38546fa880e5a/LICENSE.txt
https://github.com/yandex/ClickHouse/blob/master/contrib/libmetrohash/LICENSE
https://github.com/yandex/ClickHouse/blob/master/contrib/libpcg-random/LICENSE-APACHE.txt
https://github.com/ClickHouse-Extras/ssl/blob/master/COPYING
https://github.com/edenhill/librdkafka/blob/363dcad5a23dc29381cc626620e68ae418b3af19/LICENSE
https://github.com/yandex/ClickHouse/blob/master/libs/libwidechar_width/LICENSE
https://github.com/ClickHouse-Extras/llvm/blob/163def217817c90fb982a6daf384744d8472b92b/llvm/LICENSE.TXT
https://github.com/lz4/lz4/blob/c10863b98e1503af90616ae99725ecd120265dfb/LICENSE
https://github.com/ClickHouse-Extras/mariadb-connector-c/blob/3.1/COPYING.LIB
https://github.com/yandex/ClickHouse/blob/master/contrib/murmurhash/LICENSE
https://github.com/yandex/ClickHouse/blob/master/contrib/pdqsort/license.txt
https://github.com/ClickHouse-Extras/poco/blob/fe5505e56c27b6ecb0dcbc40c49dc2caf4e9637f/LICENSE

Library License

re2 BSD 3-Clause License
UnixODBC LGPLv2.1
zlib-ng Zlib License
zstd BSD 3-Clause License
Roadmap
Q2 2019

o DDL for dictionaries
o Integration with S3-like object stores

« Multiple storages for hot/cold data, JBOD support

Q32019

¢ JOIN execution improvements:

o Distributed join not limited by memory
e Resource pools for more precise distribution of cluster capacity between users
¢ Fine-grained authorization

¢ Integration with external authentication services

ClickHouse release 19.8.3.8, 2019-06-11
New Features

o Added functions to work with JSON #4686 (hcz) #5124. (Vitaly Baranov)

¢ Add afunction basename, with a similar behaviour to a basename function, which exists in a lot of languages
( os.path.basename in python, basename in PHP, etc...). Work with both an UNIX-like path or a Windows path. #5136
(Guillaume Tassery)

e Added LIMIT n, mBY or LIMIT m OFFSET n BY syntax to set offset of n for LIMIT BY clause.#5138 (Anton Popov)

o Added new data type SimpleAggregateFunction , which allows to have columns with light aggregationin an
AggregatingMergeTree . This can only be used with simple functions like any , anylLast, sum, min, max. #4629 (Boris

Granveaud)
o Added support for non-constant arguments in function ngramDistance #5198 (Danila Kutenin)

e Added functions skewPop , skewSamp, kurtPop and kurtSamp to compute for sequence skewness, sample skewness,

kurtosis and sample kurtosis respectively. #5200 (hcz)


https://github.com/ClickHouse-Extras/protobuf/blob/12735370922a35f03999afff478e1c6d7aa917a4/LICENSE
https://github.com/google/re2/blob/7cf8b88e8f70f97fd4926b56aa87e7f53b2717e0/LICENSE
https://github.com/ClickHouse-Extras/UnixODBC/tree/b0ad30f7f6289c12b76f04bfb9d466374bb32168
https://github.com/ClickHouse-Extras/zlib-ng/blob/develop/LICENSE.md
https://github.com/facebook/zstd/blob/dev/LICENSE
https://github.com/yandex/ClickHouse/pull/4686
https://github.com/hczhcz
https://github.com/yandex/ClickHouse/pull/5124
https://github.com/vitlibar
https://github.com/yandex/ClickHouse/pull/5136
https://github.com/YiuRULE
https://github.com/yandex/ClickHouse/pull/5138
https://github.com/CurtizJ
https://github.com/yandex/ClickHouse/pull/4629
https://github.com/bgranvea
https://github.com/yandex/ClickHouse/pull/5198
https://github.com/danlark1
https://github.com/yandex/ClickHouse/pull/5200
https://github.com/hczhcz

e Support rename operation for MaterializeView storage. #5209 (Guillaume Tassery)
« Added server which allows connecting to ClickHouse using MySQL client. #4715 (Yuriy Baranov)
o Add toDecimal*OrZero and toDecimal*OrNull functions. #5291 (Artem Zuikov)

o Support Decimal types in functions: quantile , quantiles , median, quantileExactWeighted , quantilesExactWeighted ,
medianExactWeighted. #5304 (Artem Zuikov)

« Added toVvalidUTF8 function, which replaces all invalid UTF-8 characters by replacement character € (U+FFFD).
#5322 (Danila Kutenin)

o Added format function. Formatting constant pattern (simplified Python format pattern) with the strings listed in the
arguments. #5330 (Danila Kutenin)

o Added system.detached_parts table containing information about detached parts of MergeTree tables. #5353 (akuzm)

e Added ngramSearch function to calculate the non-symmetric difference between needle and haystack.#5418#5422
(Danila Kutenin)

o Implementation of basic machine learning methods (stochastic linear regression and logistic regression) using
aggregate functions interface. Has different strategies for updating model weights (simple gradient descent,
momentum method, Nesterov method). Also supports mini-batches of custom size. #4943 (Quid37)

¢ Implementation of geohashEncode and geohashDecode functions. #5003 (Vasily Nemkov)

o Added aggregate function timeSeriesGroupSum , which can aggregate different time series that sample timestamp
not alignment. It will use linear interpolation between two sample timestamp and then sum time-series together.
Added aggregate function timeSeriesGroupRateSum , which calculates the rate of time-series and then sum rates
together. #4542 (Yangkuan Liu)

o Added functions IPv4CIDRtolPv4Range and IPv6CIDRtolPv6Range to calculate the lower and higher bounds foran IP in
the subnet using a CIDR. #5095 (Guillaume Tassery)

¢ Add a X-ClickHouse-Summary header when we send a query using HTTP with enabled setting
send_progress_in_http_headers . Return the usual information of X-ClickHouse-Progress, with additional information
like how many rows and bytes were inserted in the query. #5116 (Guillaume Tassery)

Improvements
o Added max_parts_in_total setting for MergeTree family of tables (default: 100 000) that prevents unsafe specification

of partition key #5166. #5171 (alexey-milovidov)

o clickhouse-obfuscator : derive seed for individual columns by combining initial seed with column name, not column
position. This is intended to transform datasets with multiple related tables, so that tables will remain JOINable
after transformation. #5178 (alexey-milovidov)

e Added functions JSONExtractRaw , JSONExtractKeyAndValues . Renamed functions jsonExtract<type> to
JSONExtract<type> . When something goes wrong these functions return the correspondent values, not NULL .
Modified function JSONExiract , now it gets the return type from its last parameter and doesn't inject nullables.
Implemented fallback to RapidJSON in case AVX2 instructions are not available. Simdjson library updated to a new
version. #5235 (Vitaly Baranov)

o Now if and multilf functions don't rely on the condition's Nullable , but rely on the branches for sql compatibility.
#5238 (Jian Wu)

e In predicate now generates Null result from Null input like the Equal function. #5152 (Jian Wu)

¢ Check the time limit every (flush_interval / poll_timeout) number of rows from Kafka. This allows to break the
reading from Kafka consumer more frequently and to check the time limits for the top-level streams #5249 (lvan)

o Link rdkafka with bundled SASL. It should allow to use SASL SCRAM authentication #5253 (lvan)
¢ Batched version of RowRefList for ALL JOINS. #5267 (Artem Zuikov)

o clickhouse-server: more informative listen error messages. #5268 (proller)


https://github.com/yandex/ClickHouse/pull/5209
https://github.com/YiuRULE
https://github.com/yandex/ClickHouse/pull/4715
https://github.com/yurriy
https://github.com/yandex/ClickHouse/pull/5291
https://github.com/4ertus2
https://github.com/yandex/ClickHouse/pull/5304
https://github.com/4ertus2
https://github.com/yandex/ClickHouse/pull/5322
https://github.com/danlark1
https://github.com/yandex/ClickHouse/pull/5330
https://github.com/danlark1
https://github.com/yandex/ClickHouse/pull/5353
https://github.com/akuzm
https://github.com/yandex/ClickHouse/pull/5418
https://github.com/yandex/ClickHouse/pull/5422
https://github.com/danlark1
https://github.com/yandex/ClickHouse/pull/4943
https://github.com/Quid37
https://github.com/yandex/ClickHouse/pull/5003
https://github.com/Enmk
https://github.com/yandex/ClickHouse/pull/4542
https://github.com/LiuYangkuan
https://github.com/yandex/ClickHouse/pull/5095
https://github.com/YiuRULE
https://github.com/yandex/ClickHouse/pull/5116
https://github.com/YiuRULE
https://github.com/yandex/ClickHouse/pull/5171
https://github.com/alexey-milovidov
https://github.com/yandex/ClickHouse/pull/5178
https://github.com/alexey-milovidov
https://github.com/yandex/ClickHouse/pull/5235
https://github.com/vitlibar
https://github.com/yandex/ClickHouse/pull/5238
https://github.com/janplus
https://github.com/yandex/ClickHouse/pull/5152
https://github.com/janplus
https://github.com/yandex/ClickHouse/pull/5249
https://github.com/abyss7
https://github.com/yandex/ClickHouse/pull/5253
https://github.com/abyss7
https://github.com/yandex/ClickHouse/pull/5267
https://github.com/4ertus2
https://github.com/yandex/ClickHouse/pull/5268
https://github.com/proller

¢ Support dictionaries in clickhouse-copier for functions in <sharding_key> #5270 (proller)

o Add new setting kafka_commit_every_batch to regulate Kafka committing policy. It allows to set commit mode: after
every batch of messages is handled, or after the whole block is written to the storage. It's a trade-off between
losing some messages or reading them twice in some extreme situations. #5308 (lvan)

e Make windowFunnel supportother Unsigned Integer Types. #5320 (sundyli)

¢ Allow to shadow virtual column _table in Merge engine. #5325 (lvan)

o Make sequenceMatch aggregate functions support other unsigned Integer types #5339 (sundyli)

o Better error messages if checksum mismatch is most likely caused by hardware failures. #5355 (alexey-milovidov)
¢ Check that underlying tables support sampling for StorageMerge #5366 (lvan)

o Close MySQL connections after their usage in external dictionaries. It is related to issue #893.#5395 (Clément
Rodriguez)

o Improvements of MySQL Wire Protocol. Changed name of format to MySQLWire. Using RAIl for calling RSA_free.
Disabling SSL if context cannot be created. #5419 (Yuriy Baranov)

¢ clickhouse-client: allow to run with unaccessable history file (read-only, no disk space, file is directory, ...). #5431
(proller)

¢ Respect query settings in asynchronous INSERTSs into Distributed tables. #4936 (TCeason)
¢ Renamed functions leastSqr to simpleLinearRegression, LinearRegression to linearRegression, LogisticRegression to
logisticRegression . #5391 (Nikolai Kochetov)

Performance Improvements

o Paralellize processing of parts in alter modify query. #4639 (lvan Kush)
¢ Optimizationsin regular expressions extraction. #5193 #5191 (Danila Kutenin)
« Do notaddright join key column to join result if it's used only in join on section. #5260 (Artem Zuikov)

o Freeze the Kafka buffer after first empty response. It avoids multiple invokations of ReadBuffer::next() for empty
result in some row-parsing streams. #5283 (Ivan)

e concat function optimization for multiple arguments. #5357 (Danila Kutenin)

¢ Query optimisation. Allow push down IN statement while rewriting comma/cross join into inner one. #5396 (Artem
Zuikov)

o Upgrade our LZ4 implementation with reference one to have faster decompression. #5070 (Danila Kutenin)

¢ Implemented MSD radix sort (based on kxsort), and partial sorting. #5129 (Evgenii Pravda)
Bug Fixes

o Fix push require columns with join #5192 (Winter Zhang)

o Fixed bug, when ClickHouse is run by systemd, the command sudo service clickhouse-server forcerestart was not
working as expected. #5204 (proller)

o Fix http error codes in DataPartsExchange (interserver http server on 9009 port always returned code 200, even on
errors). #5216 (proller)

¢ Fix SimpleAggregateFunction for String longer than MAX_SMALL_STRING_SIZE #5311 (Azat Khuzhin)

o Fix error for Decimal to Nullable(Decimal) conversion in IN. Support other Decimal to Decimal conversions (including
different scales). #5350 (Artem Zuikov)

o Fixed FPU clobbering in simdjson library that lead to wrong calculation of unigHLL and unigCombined aggregate
function and math functions such as log . #5354 (alexey-milovidov)

o Fixed handling mixed const/nonconst cases in JSON functions. #5435 (Vitaly Baranov)
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« Fix retention function. Now all conditions that satisfy in a row of data are added to the data state.#5119 (/)\i&)

o Fixresult type for quantileExact with Decimals. #5304 (Artem Zuikov)
Documentation

 Translate documentation for CollapsingMergeTree to chinese. #5168 (5t /X, Ii#)

¢ Translate some documentation about table engines to chinese. #5134 #5328 (never lee)
Build/Testing/Packaging Improvements

¢ Fix some sanitizer reports that show probable use-after-free.#5139 #5143 #5393 (lvan)

¢ Move performance tests out of separate directories for convenience. #5158 (alexey-milovidov)

¢ Fixincorrect performance tests. #5255 (alesapin)

« Added a tool to calculate checksums caused by bit flips to debug hardware issues.#5334 (alexey-milovidov)
¢ Make runner script more usable. #5340#5360 (filimonov)

¢ Add smallinstruction how to write performance tests. #5408 (alesapin)

o Add ability to make substitutions in create, fill and drop query in performance tests #5367 (Olga Khvostikova)

ClickHouse release 19.7.5.27, 2019-06-09

New features

o Added bitmap related functions bitmapHasAny and bitmapHasAll analogous to hasAny and hasAll functions for
arrays. #5279 (Sergi Vladykin)

Bug Fixes

o Fix segfault on minmax INDEX with Null value. #5246 (Nikita Vasilev)

e Markallinput columns in LIMIT BY as required output. It fixes 'Not found column' error in some distributed queries.
#5407 (Constantin S. Pan)

¢ Fix"Column '0' already exists" errorin SELECT .. PREWHERE on column with DEFAULT #5397 (proller)
o Fix ALTER MODIFY TTL query on ReplicatedMergeTree . #5539 (Anton Popov)

o Don't crash the server when Kafka consumers have failed to start. #5285 (lvan)

o Fixed bitmap functions produce wrong result. #5359 (Andy Yang)

o Fix element_count for hashed dictionary (do not include duplicates) #5440 (Azat Khuzhin)

o Use contents of environment variable TZ as the name for timezone. It helps to correctly detect default timezone in
some cases.#5443 (lvan)

o Do nottry to convertintegers in dictGetT functions, because it doesn't work correctly. Throw an exception instead.
#5446 (Artem Zuikov)

o Fix settings in ExternalData HTTP request. #5455 (Danila Kutenin)
o Fix bug when parts were removed only from FS without dropping them from Zookeeper. #5520 (alesapin)
o Fix segmentation fault in bitmapHasAny function. #5528 (Zhichang Yu)

o Fixed error when replication connection pool doesn't retry to resolve host, even when DNS cache was dropped.
#5534 (alesapin)

o Fixed DROP INDEX IF EXISTS query. Now ALTER TABLE ... DROP INDEX IF EXISTS ... query doesn't raise an exception
if provided index does not exist. #5524 (Gleb Novikov)

o Fix union all supertype column. There were cases with inconsistent data and column types of resulting columns.
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#5503 (Artem Zuikov)

o Skip ZNONODE during DDL query processing. Before if another node removes the znode in task queue, the one that
did not process it, but already get list of children, will terminate the DDLWorker thread. #5489 (Azat Khuzhin)

o Fix INSERT into Distributed() table with MATERIALIZED column. #5429 (Azat Khuzhin)

ClickHouse release 19.7.3.9, 2019-05-30

New Features
o Allow to limit the range of a setting that can be specified by user. These constraints can be set up in user settings
profile. #4931 (Vitaly Baranov)

o Add a second version of the function groupUnigArray with an optional max_size parameter that limits the size of the
resulting array. This behavior is similar to groupArray(max_size)(x) function. #5026 (Guillaume Tassery)

¢ For TSVWithNames/CSVWithNames input file formats, column order can now be determined from file header. This
is controlled by input_format_with_names_use_header parameter. #5081 (Alexander)

Bug Fixes

¢ Crash with uncompressed_cache + JOIN during merge (#5197) #5133 (Danila Kutenin)
« Segmentation fault on a clickhouse-client query to system tables. #5066 #5127 (lvan)
o Dataloss on heavy load via KafkaEngine (#4736) #5080 (lvan)

o Fixed very rare data race condition that could happen when executing a query with UNION ALL involving at least
two SELECTSs from system.columns, system.tables, system.parts, system.parts_tables or tables of Merge family
and performing ALTER of columns of the related tables concurrently. #5189 (alexey-milovidov)

Performance Improvements

¢ Use radix sort for sorting by single numeric column in ORDER BY without LIMIT . #5106, #4439 (Evgenii Pravda,
alexey-milovidov)

Documentation
« Translate documentation for some table engines to Chinese. #5107, #5094, #5087 (5t X/Ii#), #5068 (never lee)
Build/Testing/Packaging Improvements

o Print UTF-8 characters properly in clickhouse-test . #5084 (alexey-milovidov)

¢ Add command line parameter for clickhouse-client to always load suggestion data. #5102 (alexey-milovidov)
¢ Resolve some of PVS-Studio warnings. #5082 (alexey-milovidov)

o Update LZ4 #5040 (Danila Kutenin)

¢ Add gperf to build requirements for upcoming pull request #5030. #5110 (proller)

ClickHouse release 19.6.3.18, 2019-06-13
Bug Fixes
o Fixed IN condition pushdown for queries from table functions mysql and odbc and corresponding table engines.
This fixes #3540 and #2384. #5313 (alexey-milovidov)
o Fix deadlock in Zookeeper. #5297 (github1youlc)
¢ Allow quoted decimals in CSV. #5284 (Artem Zuikov

¢ Disallow conversion from float Inf/NaN into Decimals (throw exception). #5282 (Artem Zuikov)
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o Fix dataraceinrename query. #5247 (Winter Zhang)

e Temporarily disable LFAIlloc. Usage of LFAlloc might lead to a lot of MAP_FAILED in allocating UncompressedCache
and in a result to crashes of queries at high loaded servers. cfdba93(Danila Kutenin)

ClickHouse release 19.6.2.11, 2019-05-13
New Features

o TTL expressions for columns and tables. #4212 (Anton Popov)
o Added support for brotli compression for HTTP responses (Accept-Encoding: br) #4388 (Mikhail)

o Added new function isValidUTF8 for checking whether a set of bytes is correctly utf-8 encoded. #4934 (Danila
Kutenin)

¢ Add new load balancing policy first_or_random which sends queries to the first specified host and if it's inaccessible
send queries to random hosts of shard. Useful for cross-replication topology setups. #5012 (nvartolomei)
Experimental Features
o Add setting index_granularity bytes (adaptive index granularity) for MergeTree* tables family. #4826 (alesapin)
Improvements
o Added support for non-constant and negative size and length arguments for function substringUTF8 . #4989 (alexey-
milovidov)

o Disable push-down toright table in left join, left table in right join, and both tables in full join. This fixes wrong JOIN
results in some cases. #4846 (lvan)

e clickhouse-copier : auto upload task configuration from --task-file option #4876 (proller)
o Added typos handler for storage factory and table functions factory. #4891 (Danila Kutenin)
o Support asterisks and qualified asterisks for multiple joins without subqueries #4898 (Artem Zuikov)

¢ Make missing column error message more user friendly. #4915 (Artem Zuikov)
Performance Improvements

o Significant speedup of ASOF JOIN #4924 (Martijn Bakker)
Backward Incompatible Changes

e HTTP header Query-ld was renamed to X-ClickHouse-Query-ld for consistency. #4972 (Mikhail)
Bug Fixes

o Fixed potential null pointer dereference in clickhouse-copier . #4900 (proller)
o Fixed error on query with JOIN + ARRAY JOIN #4938 (Artem Zuikov)

o Fixed hanging on start of the server when a dictionary depends on another dictionary via a database with
engine=Dictionary. #4962 (Vitaly Baranov)

o Partially fix distributed_product_mode = local. It's possible to allow columns of local tables in where/having/order
by/... via table aliases. Throw exception if table does not have alias. There's not possible to access to the columns
without table aliases yet. #4986 (Artem Zuikov)

o Fix potentially wrong result for SELECT DISTINCT with JOIN #5001 (Artem Zuikov)

o Fixed very rare data race condition that could happen when executing a query with UNION ALL involving at least
two SELECTSs from system.columns, system.tables, system.parts, system.parts_tables or tables of Merge family
and performing ALTER of columns of the related tables concurrently. #5189 (alexey-milovidov)
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Build/Testing/Packaging Improvements

o Fixed test failures when running clickhouse-server on different host #4713 (Vasily Nemkov)

¢ clickhouse-test: Disable color control sequences in non tty environment. #4937 (alesapin)

¢ clickhouse-test: Allow use any test database (remove test. qualification where it possible) #5008 (proller)
o Fixubsanerrors #5037 (Vitaly Baranov)

¢ Yandex LFAlloc was added to ClickHouse to allocate MarkCache and UncompressedCache data in different ways to
catch segfaults more reliable #4995 (Danila Kutenin)

o Python util to help with backports and changelogs. #4949 (lvan)

ClickHouse release 19.5.4.22, 2019-05-13

Bug fixes

¢ Fixed possible crash in bitmap* functions #5220 #5228 (Andy Yang)

o Fixed very rare data race condition that could happen when executing a query with UNION ALL involving at least
two SELECTs from system.columns, system.tables, system.parts, system.parts_tables or tables of Merge family
and performing ALTER of columns of the related tables concurrently. #5189 (alexey-milovidov)

o Fixed error Set for IN is not created yet in case of using single LowCardinality column in the left part of IN . This error happened
if LowCardinality column was the part of primary key. #5031 #5154 (Nikolai Kochetov)

o Modification of retention function: If a row satisfies both the first and NTH condition, only the first satisfied
condition is added to the data state. Now all conditions that satisfy in a row of data are added to the data state.
#5119 (/NER)

ClickHouse release 19.5.3.8, 2019-04-18

Bug fixes

o Fixed type of setting max_partitions_per_insert_block from boolean to UInt64. #5028 (Mohammad Hossein Sekhavat)

ClickHouse release 19.5.2.6, 2019-04-15

New Features
o Hyperscan multiple regular expression matching was added (functions multiMatchAny , multiMatchAnylndex ,
multiFuzzyMatchAny , multiFuzzyMatchAnyIndex ). #4780, #4841 (Danila Kutenin)
e multiSearchFirstPosition function was added. #4780 (Danila Kutenin)
« Implement the predefined expression filter per row for tables.#4792 (lvan)

¢ A new type of data skipping indices based on bloom filters (can be used for equal, in and like functions). #4499
(Nikita Vasilev)

o Added ASOF JOIN which allows to run queries that join to the most recent value known. #4774 #4867 #4863 #4875
(Martijn Bakker, Artem Zuikov)

¢ Rewrite multiple COMMA JOIN to CROSS JOIN . Then rewrite them to INNER JOIN if possible. #4661 (Artem Zuikov)
Improvement

e topK and topKWeighted now supports custom loadFactor (fixes issue#4252). #4634 (Kirill Danshin)

o Allow to use parallel_replicas_count > 1 even for tables without sampling (the setting is simply ignored for them). In
previous versions it was lead to exception. #4637 (Alexey Elymanov)
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o Support for CREATE OR REPLACE VIEW . Allow to create a view or set a new definition in a single statement.#4654
(Boris Granveaud)

o Buffer table engine now supports PREWHERE . #4671 (Yangkuan Liu)
o Add ability to start replicated table without metadata in zookeeper in readonly mode. #4691 (alesapin)

o Fixed flicker of progress bar in clickhouse-client. The issue was most noticeable when using FORMAT Null with
streaming queries. #4811 (alexey-milovidov)

¢ Allow to disable functions with hyperscan library on per user basis to limit potentially excessive and uncontrolled
resource usage. #4816 (alexey-milovidov)

o Add version number logging in all errors. #4824 (proller)

o Added restriction to the multiMatch functions which requires string size to fitinto unsigned int . Also added the
number of arguments limit to the multiSearch functions. #4834 (Danila Kutenin)

o Improved usage of scratch space and error handling in Hyperscan. #4866 (Danila Kutenin)
o Fill system.graphite_detentions from a table config of *GraphiteMergeTree engine tables. #4584 (Mikhail f. Shiryaev)

e Rename trigramDistance function to ngramDistance and add more functions with Caselnsensitive and UTF . #4602
(Danila Kutenin)

o Improved data skipping indices calculation. #4640 (Nikita Vasilev)

o Keep ordinary, DEFAULT , MATERIALIZED and ALIAS columnsin asingle list (fixes issue#2867). #4707 (Alex
Zatelepin)

Bug Fix

o Avoid std:iterminate in case of memory allocation failure. Now std::bad_alloc exception is thrown as expected. #4665
(alexey-milovidov)

o Fixes capnproto reading from buffer. Sometimes files wasn't loaded successfully by HTTP. #4674 (Vladislav)

e Fixerror Unknown log entry type: 0 after OPTIMIZE TABLE FINAL query. #4683 (Amos Bird)

« Wrong arguments to hasAny or hasAll functions may lead to segfault. #4698 (alexey-milovidov)

o Deadlock may happen while executing DROP DATABASE dictionary query. #4701 (alexey-milovidov)

¢ Fix undefinied behavior in median and quantile functions. #4702 (hcz)

o Fix compression level detection when network_compression_method in lowercase. Broken in v19.1. #4706 (proller)

o Fixedignorance of <timezone>UTC</timezone> setting (fixes issue #4658). #4718 (proller)

¢ Fix histogram function behaviour with Distributed tables. #4741 (olegkv)

o Fixed tsan report destroy of a locked mutex . #4742 (alexey-milovidov)

o Fixed TSan report on shutdown due to race condition in system logs usage. Fixed potential use-after-free on
shutdown when part_log is enabled. #4758 (alexey-milovidov)

o Fixrecheck partsin ReplicatedMergeTreeAlterThread in case of error. #4772 (Nikolai Kochetov)

¢ Arithmetic operations on intermediate aggregate function states were not working for constant arguments (such as
subquery results). #4776 (alexey-milovidov)

¢ Always backquote column names in metadata. Otherwise it's impossible to create a table with column named index
(server won't restart due to malformed ATTACH query in metadata). #4782 (alexey-milovidov)

e Fixcrashin ALTER ... MODIFY ORDER BY on Distributed table. #4790 (TCeason)
o Fix segfaultin JOIN ON with enabled enable optimize_predicate_expression . #4794 (Winter Zhang)
¢ Fix bug with adding an extraneous row after consuming a protobuf message from Kafka. #4808 (Vitaly Baranov)

o Fix crash of JOIN on not-nullable vs nullable column. Fix NULLs in right keysin ANY JOIN + join_use nulls . #4815
(Artem Zuikov)
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o Fix segmentation faultin clickhouse-copier . #4835 (proller)

o Fixed race conditionin SELECT from system.tables if the table is renamed or altered concurrently. #4836 (alexey-
milovidov)

o Fixed data race when fetching data part that is already obsolete. #4839 (alexey-milovidov)
o Fixed rare data race that can happen during RENAME table of MergeTree family. #4844 (alexey-milovidov)

o Fixed segmentation fault in function arrayintersect . Segmentation fault could happen if function was called with
mixed constant and ordinary arguments. #4847 (Lixiang Qian)

o Fixed reading from Array(LowCardinality) column in rare case when column contained a long sequence of empty
arrays. #4850 (Nikolai Kochetov)

e Fixcrashin FULL/RIGHT JOIN when we joining on nullable vs not nullable. #4855 (Artem Zuikov)
o Fix No message received exception while fetching parts between replicas. #4856 (alesapin)
o Fixed arrayintersect function wrong result in case of several repeated values in single array. #4871 (Nikolai Kochetov)

o Fix arace condition during concurrent ALTER COLUMN queries that could lead to a server crash (fixes issue#3421).
#4592 (Alex Zatelepin)

¢ Fixincorrect resultin FULL/RIGHT JOIN with const column. #4723 (Artem Zuikov)
o Fix duplicatesin GLOBAL JOIN with asterisk. #4705 (Artem Zuikov)
o Fix parameter deductionin ALTER MODIFY of column CODEC when column type is not specified. #4883 (alesapin)

e Functions cutQueryStringAndFragment() and queryStringAndFragment() now works correctly when URL contains a
fragment and no query. #4894 (Vitaly Baranov)

o Fixrare bug when setting min_bytes to_use_direct_io is greater than zero, which occures when thread have to seek
backward in column file. #4897 (alesapin)

o Fix wrong argument types for aggregate functions with LowCardinality arguments (fixes issue#4919). #4922
(Nikolai Kochetov)

¢ Fix wrong name qualification in GLOBAL JOIN . #4969 (Artem Zuikov)
o Fix function tolSOWeek result for year 1970. #4988 (alexey-milovidov)
e Fix DROP, TRUNCATE and OPTIMIZE queries duplication, when executed on ON CLUSTER for ReplicatedMergeTree*
tables family. #4991 (alesapin)
Backward Incompatible Change

¢ Rename setting insert_sample_with_metadata to setting input_format_defaults_for_omitted_fields . #4771 (Artem Zuikov)

o Added setting max_partitions_per_insert_block (with value 100 by default). If inserted block contains larger number of
partitions, an exception is thrown. Set it to 0 if you want to remove the limit (not recommended). #4845 (alexey-
milovidov)

¢ Multi-search functions were renamed ( multiPosition to multiSearchAllPositions , multiSearch to multiSearchAny , firstMatch
to multiSearchFirstindex ). #4780 (Danila Kutenin)

Performance Improvement

o Optimize Volnitsky searcher by inlining, giving about 5-10% search improvement for queries with many needles or
many similar bigrams. #4862 (Danila Kutenin)

o Fix performance issue when setting use_uncompressed_cache is greater than zero, which appeared when all read data
contained in cache. #4913 (alesapin)

Build/Testing/Packaging Improvement

o Hardening debug build: more granular memory mappings and ASLR; add memory protection for mark cache and
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index. This allows to find more memory stomping bugs in case when ASan and MSan cannot do it. #4632 (alexey-
milovidov)

e Add support for cmake variables ENABLE_PROTOBUF , ENABLE_PARQUET and ENABLE_BROTLI which allows to
enable/disable the above features (same as we can do for librdkafka, mysq|l, etc). #4669 (Silviu Caragea)

o Add ability to print process list and stacktraces of all threads if some queries are hung after test run.#4675 (alesapin

)
o Add retries on Connection loss errorin clickhouse-test . #4682 (alesapin)
o Add freebsd build with vagrant and build with thread sanitizer to packager script. #4712 #4748 (alesapin)
o Now user asked for password for user 'default’ during installation. #4725 (proller)
e Suppress warning in rdkafka library. #4740 (alexey-milovidov)
o Allow ability to build without ssl. #4750 (proller)
¢ Add away to launch clickhouse-server image from a custom user. #4753 (Mikhail f. Shiryaev)
o Upgrade contrib boost to 1.69. #4793 (proller)

o Disable usage of mremap when compiled with Thread Sanitizer. Surprisingly enough, TSan does not intercept
mremap (though it does intercept mmap, munmap ) that leads to false positives. Fixed TSan report in stateful tests.
#4859 (alexey-milovidov)

o Add test checking using format schema via HTTP interface. #4864 (Vitaly Baranov)

ClickHouse release 19.4.4.33, 2019-04-17

Bug Fixes
e Avoid std::terminate in case of memory allocation failure. Now std::bad_alloc exception is thrown as expected. #4665
(alexey-milovidov)
o Fixes capnproto reading from buffer. Sometimes files wasn't loaded successfully by HTTP. #4674 (Vladislav)
e Fixerror Unknown log entry type: 0 after OPTIMIZE TABLE FINAL query. #4683 (Amos Bird)
o Wrong arguments to hasAny or hasAll functions may lead to segfault. #4698 (alexey-milovidov)
o Deadlock may happen while executing DROP DATABASE dictionary query. #4701 (alexey-milovidov)
o Fix undefinied behavior in median and quantile functions. #4702 (hcz)
o Fix compression level detection when network_compression_method in lowercase. Broken in v19.1. #4706 (proller)
o Fixedignorance of <timezone>UTC</timezone> setting (fixes issue #4658). #4718 (proller)
¢ Fix histogram function behaviour with Distributed tables. #4741 (olegkv)
o Fixed tsan report destroy of a locked mutex . #4742 (alexey-milovidov)

o Fixed TSan report on shutdown due to race condition in system logs usage. Fixed potential use-after-free on
shutdown when part_log is enabled. #4758 (alexey-milovidov)

o Fix recheck partsin ReplicatedMergeTreeAlterThread in case of error. #4772 (Nikolai Kochetov)

¢ Arithmetic operations on intermediate aggregate function states were not working for constant arguments (such as
subquery results). #4776 (alexey-milovidov)

o Always backquote column names in metadata. Otherwise it's impossible to create a table with column named index
(server won't restart due to malformed ATTACH query in metadata). #4782 (alexey-milovidov)

e Fixcrashin ALTER ... MODIFY ORDER BY on Distributed table. #4790 (TCeason)
o Fix segfaultin JOIN ON with enabled enable optimize predicate expression . #4794 (Winter Zhang)

¢ Fix bug with adding an extraneous row after consuming a protobuf message from Kafka. #4808 (Vitaly Baranov)
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o Fix segmentation faultin clickhouse-copier . #4835 (proller)

o Fixed race conditionin SELECT from system.tables if the table is renamed or altered concurrently. #4836 (alexey-
milovidov)

o Fixed data race when fetching data part that is already obsolete. #4839 (alexey-milovidov)
o Fixed rare data race that can happen during RENAME table of MergeTree family. #4844 (alexey-milovidov)

o Fixed segmentation fault in function arrayintersect . Segmentation fault could happen if function was called with
mixed constant and ordinary arguments. #4847 (Lixiang Qian)

o Fixed reading from Array(LowCardinality) column in rare case when column contained a long sequence of empty
arrays. #4850 (Nikolai Kochetov)

o Fix No message received exception while fetching parts between replicas. #4856 (alesapin)
o Fixed arrayintersect function wrong result in case of several repeated values in single array. #4871 (Nikolai Kochetov)

o Fix arace condition during concurrent ALTER COLUMN queries that could lead to a server crash (fixes issue#3421).
#4592 (Alex Zatelepin)

o Fix parameter deductionin ALTER MODIFY of column CODEC when column type is not specified. #4883 (alesapin)

o Functions cutQueryStringAndFragment() and queryStringAndFragment() now works correctly when URL contains a
fragment and no query. #4894 (Vitaly Baranov)

o Fix rare bug when setting min_bytes_to_use_direct_io is greater than zero, which occures when thread have to seek
backward in column file. #4897 (alesapin)

o Fix wrong argument types for aggregate functions with LowCardinality arguments (fixes issue#4919). #4922
(Nikolai Kochetov)

o Fix function tolSOWeek result for year 1970. #4988 (alexey-milovidov)

e Fix DROP, TRUNCATE and OPTIMIZE queries duplication, when executed on ON CLUSTER for ReplicatedMergeTree*
tables family. #4991 (alesapin)

Improvements
o Keep ordinary, DEFAULT , MATERIALIZED and ALIAS columnsin asingle list (fixes issue#2867). #4707 (Alex
Zatelepin)
ClickHouse release 19.4.3.11, 2019-04-02
Bug Fixes

e Fix crashin FULL/RIGHT JOIN when we joining on nullable vs not nullable. #4855 (Artem Zuikov)

o Fix segmentation faultin clickhouse-copier . #4835 (proller)
Build/Testing/Packaging Improvement

o Add away to launch clickhouse-server image from a custom user.#4753 (Mikhail f. Shiryaev)

ClickHouse release 19.4.2.7, 2019-03-30

Bug Fixes

o Fixed reading from Array(LowCardinality) column in rare case when column contained a long sequence of empty
arrays. #4850 (Nikolai Kochetov)

ClickHouse release 19.4.1.3, 2019-03-19
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Bug Fixes

o Fixed remote queries which contain both LIMIT BY and LIMIT . Previously, if LIMIT BY and LIMIT were used for
remote query, LIMIT could happen before LIMIT BY , which led to too filtered result. #4708 (Constantin S. Pan)

ClickHouse release 19.4.0.49, 2019-03-09

New Features

o Added full support for Protobuf format (input and output, nested data structures). #4174 #4493 (Vitaly Baranov)
o Added bitmap functions with Roaring Bitmaps. #4207 (Andy Yang) #4568 (Vitaly Baranov)
¢ Parquet format support. #4448 (proller)

¢ N-gram distance was added for fuzzy string comparison. It is similar to g-gram metrics in R language.#4466 (Danila
Kutenin)

« Combine rules for graphite rollup from dedicated aggregation and retention patterns. #4426 (Mikhail f. Shiryaev)

e Added max_execution_speed and max_execution_speed_bytes to limit resource usage. Added
min_execution_speed_bytes setting to complement the min_execution_speed . #4430 (Winter Zhang)

¢ Implemented function flatten . #4555 #4409 (alexey-milovidov, kzon)

¢ Added functions arrayEnumerateDenseRanked and arrayEnumerateUnigRanked (it's like arrayEnumerateUniq but allows to
fine tune array depth to look inside multidimensional arrays). #4475 (proller) #4601 (alexey-milovidov)

o Multiple JOINS with some restrictions: no asterisks, no complex aliases in ON/WHERE/GROUP BY/... #4462 (Artem
Zuikov)

Bug Fixes

e Thisrelease also contains all bug fixes from 19.3 and 19.1.
o Fixed bug in data skipping indices: order of granules after INSERT was incorrect. #4407 (Nikita Vasilev)

o Fixed set index for Nullable and LowCardinality columns. Beforeit, set index with Nullable or LowCardinality column
led to error Data type must be deserialized with multiple streams while selecting. #4594 (Nikolai Kochetov)

o Correctly set update_time on full executable dictionary update. #4551 (Tema Novikov)
o Fix broken progress bar in 19.3. #4627 (filimonov)

o Fixedinconsistent values of MemoryTracker when memory region was shrinked, in certain cases. #4619 (alexey-
milovidov)

o Fixed undefined behaviour in ThreadPool. #4612 (alexey-milovidov)

o Fixed a very rare crash with the message mutex lock failed: Invalid argument that could happen when a MergeTree table
was dropped concurrently with a SELECT. #4608 (Alex Zatelepin)

o ODBC driver compatibility with LowCardinality data type. #4381 (proller)

o FreeBSD: Fixup for AlOcontextPool: Found io_event with unknown id 0 error. #4438 (urgordeadbeef)
e system.part_log table was created regardless to configuration. #4483 (alexey-milovidov)

o Fix undefined behaviour in dictlsin function for cache dictionaries. #4515 (alesapin)

o Fixed a deadlock when a SELECT query locks the same table multiple times (e.g. from different threads or when
executing multiple subqueries) and there is a concurrent DDL query. #4535 (Alex Zatelepin)

o Disable compile_expressions by default until we get own Illvm contrib and can test it with clang and asan . #4579
(alesapin)

o Prevent std:terminate when invalidate_query for clickhouse external dictionary source has returned wrong resultset
(empty or more than one row or more than one column). Fixed issue when the invalidate_query was performed every
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five seconds regardless to the lifetime . #4583 (alexey-milovidov)

¢ Avoid deadlock when the invalidate_query for adictionary with clickhouse source was involving system.dictionaries
table or Dictionaries database (rare case). #4599 (alexey-milovidov)

o Fixes for CROSS JOIN with empty WHERE. #4598 (Artem Zuikov)
o Fixed segfaultin function "replicate" when constant argument is passed. #4603 (alexey-milovidov)
o Fix lambda function with predicate optimizer. #4408 (Winter Zhang)

e Multiple JOINs multiple fixes. #4595 (Artem Zuikov)
Improvements

¢ Support aliases in JOIN ON section for right table columns. #4412 (Artem Zuikov)

o Result of multiple JOINs need correct result names to be used in subselects. Replace flat aliases with source names
in result. #4474 (Artem Zuikov)

¢ Improve push-down logic for joined statements. #4387 (lvan)
Performance Improvements

¢ Improved heuristics of "move to PREWHERE" optimization. #4405 (alexey-milovidov)
o Use proper lookup tables that uses HashTable's API for 8-bit and 16-bit keys. #4536 (Amos Bird)
¢ Improved performance of string comparison. #4564 (alexey-milovidov)

o Cleanup distributed DDL queue in a separate thread so that it doesn't slow down the main loop that processes
distributed DDL tasks. #4502 (Alex Zatelepin)

o When min_bytes to_use_direct_io is set to 1, not every file was opened with O_DIRECT mode because the data size to
read was sometimes underestimated by the size of one compressed block. #4526 (alexey-milovidov)

Build/Testing/Packaging Improvement

o Added support for clang-9 #4604 (alexey-milovidov)

e Fixwrong _ asm__ instructions (again) #4621 (Konstantin Podshumok)

o Add ability to specify settings for clickhouse-performance-test from command line. #4437 (alesapin)

o Add dictionaries tests to integration tests. #4477 (alesapin)

o Added queries from the benchmark on the website to automated performance tests. #4496 (alexey-milovidov)

o xxhash.h does not exist in external Iz4 because it is an implementation detail and its symbols are namespaced with
XXH_NAMESPACE macro. When I1z4 is external, xxHash has to be external too, and the dependents have to link to it.
#4495 (Orivej Desh)

o Fixed a case when quantileTiming aggregate function can be called with negative or floating point argument (this
fixes fuzz test with undefined behaviour sanitizer). #4506 (alexey-milovidov)

e Spelling error correction. #4531 (sdk2)
¢ Fix compilation on Mac. #4371 (Vitaly Baranov)

o Build fixes for FreeBSD and various unusual build configurations. #4444 (proller)

ClickHouse release 19.3.9.1, 2019-04-02
Bug Fixes

¢ Fix crashin FULL/RIGHT JOIN when we joining on nullable vs not nullable. #4855 (Artem Zuikov)

¢ Fix segmentation faultin clickhouse-copier . #4835 (proller)
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o Fixed reading from Array(LowCardinality) column in rare case when column contained a long sequence of empty
arrays. #4850 (Nikolai Kochetov)

Build/Testing/Packaging Improvement

o Add away to launch clickhouse-server image from a custom user #4753 (Mikhail f. Shiryaev)

ClickHouse release 19.3.7, 2019-03-12
Bug fixes

o Fixed errorin #3920. This error manifestate itself as random cache corruption (messages Unknown codec family code ,
Cannot seek through file ) and segfaults. This bug first appeared in version 19.1 and is present in versions up to 19.1.10
and 19.3.6. #4623 (alexey-milovidov)

ClickHouse release 19.3.6, 2019-03-02
Bug fixes
¢ When there are more than 1000 threads in a thread pool, std::terminate may happen on thread exit. Azat Khuzhin

#4485 #4505 (alexey-milovidov)

o Now it's possible to create ReplicatedMergeTree* tables with comments on columns without defaults and tables with
columns codecs without comments and defaults. Also fix comparison of codecs. #4523 (alesapin)

o Fixed crash on JOIN with array or tuple. #4552 (Artem Zuikov)

o Fixed crash in clickhouse-copier with the message ThreadStatus not created . #4540 (Artem Zuikov)

¢ Fixed hangup on server shutdown if distributed DDLs were used. #4472 (Alex Zatelepin)

¢ Incorrect column numbers were printed in error message about text format parsing for columns with number
greater than 10. #4484 (alexey-milovidov)

Build/Testing/Packaging Improvements

o Fixed build with AVX enabled. #4527 (alexey-milovidov)

¢ Enable extended accounting and 10 accounting based on good known version instead of kernel under which it is
compiled. #4541 (nvartolomei)

o Allow to skip setting of core_dump.size_limit, warning instead of throw if limit set fail.#4473 (proller)

e Removed the inline tags of void readBinary(...) in Field.cpp . Also merged redundant namespace DB blocks. #4530 (hcz

)

ClickHouse release 19.3.5, 2019-02-21

Bug fixes

o Fixed bug with large http insert queries processing. #4454 (alesapin)

o Fixed backward incompatibility with old versions due to wrong implementation of send_logs_level setting. #4445
(alexey-milovidov)

o Fixed backward incompatibility of table function remote introduced with column comments. #4446 (alexey-
milovidov)

ClickHouse release 19.3.4, 2019-02-16

Improvements
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o Tableindex size is not accounted for memory limits when doing ATTACH TABLE query. Avoided the possibility that a
table cannot be attached after being detached. #4396 (alexey-milovidov)

o Slightly raised up the limit on max string and array size received from ZooKeeper. It allows to continue to work with
increased size of CLIENT JVMFLAGS=-Djute.maxbuffer=... on ZooKeeper. #4398 (alexey-milovidov)

« Allow to repair abandoned replica even if it already has huge number of nodes in its queue. #4399 (alexey-milovidov

)

¢ Addonerequired argument to SET index (max stored rows number). #4386 (Nikita Vasilev)
Bug Fixes

o Fixed WITH ROLLUP result for group by single LowCardinality key. #4384 (Nikolai Kochetov)
o Fixed bug inthe setindex (dropping a granule if it contains more than max_rows rows). #4386 (Nikita VVasilev)
o Alot of FreeBSD build fixes. #4397 (proller)

o Fixed aliases substitution in queries with subquery containing same alias (issue#4110). #4351 (Artem Zuikov)
Build/Testing/Packaging Improvements

o Add ability to run clickhouse-server for stateless tests in docker image. #4347 (Vasily Nemkov)

ClickHouse release 19.3.3, 2019-02-13

New Features

o Added the KILL MUTATION statement that allows removing mutations that are for some reasons stuck. Added
latest_failed_part , latest_fail_time , latest_fail_reason fields to the system.mutations table for easier troubleshooting.
#4287 (Alex Zatelepin)

o Added aggregate function entropy which computes Shannon entropy. #4238 (Quid37)

o Added ability to send queries INSERT INTO tbl VALUES (.... to server without splitting on query and data parts. #4301
(alesapin)

o Genericimplementation of arrayWithConstant function was added. #4322 (alexey-milovidov)
e Implented NOT BETWEEN comparison operator. #4228 (Dmitry Naumov)

o Implement sumMapFiltered in order to be able to limit the number of keys for which values will be summed by
sumMap . #4129 (Léo Ercolanelli)

o Added support of Nullable typesin mysqgl table function. #4198 (Emmanuel Donin de Rosiere)
o Support for arbitrary constant expressionsin LIMIT clause. #4246 (k3box)

o Added topKWeighted aggregate function that takes additional argument with (unsigned integer) weight. #4245
(Andrew Golman)

e StorageJoin Nnow supports join_any take_last_row setting that allows overwriting existing values of the same key.
#3973 (Amos Bird

¢ Added function toStartOfinterval . #4304 (Vitaly Baranov)

e Added RowBinaryWithNamesAndTypes format. #4200 (Oleg V. Kozlyuk)

o Added IPv4 and IPv6 datatypes. More effective implementations of IPv* functions. #3669 (Vasily Nemkov)
o Added function toStartOfTenMinutes() . #4298 (Vitaly Baranov)

o Added Protobuf output format. #4005 #4158 (Vitaly Baranov)

o Added brotli support for HTTP interface for data import (INSERTS). #4235 (Mikhail )

¢ Added hints while user make typo in function name or type in command line client. #4239 (Danila Kutenin)
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o Added Query-ld to Server's HTTP Response header. #4231 (Mikhail )
Experimental features

o Added minmax and set data skipping indices for MergeTree table engines family. #4143 (Nikita Vasilev)

o Added conversion of CROSS JOIN to INNER JOIN if possible. #4221 #4266 (Artem Zuikov)
Bug Fixes

¢ Fixed Not found column for duplicate columnsin JOIN ON section. #4279 (Artem Zuikov)
e« Make START REPLICATED SENDS command start replicated sends. #4229 (nvartolomei)
o Fixed aggregate functions execution with Array(LowCardinality) arguments. #4055 (KochetovNicolai)

o Fixed wrong behaviour when doing INSERT ... SELECT ... FROM file(...) query and file has CSVWithNames or
TSVWIthNames format and the first data row is missing. #4297 (alexey-milovidov)

o Fixed crash on dictionary reload if dictionary not available. This bug was appeared in 19.1.6. #4188 (proller)
o Fixed ALL JOIN with duplicates in right table. #4184 (Artem Zuikov)

o Fixed segmentation fault with use_uncompressed_cache=1 and exception with wrong uncompressed size. This bug
was appeared in 19.1.6. #4186 (alesapin)

o Fixed compile_expressions bug with comparison of big (more than int16) dates. #4341 (alesapin)
o Fixed infinite loop when selecting from table function numbers(0) . #4280 (alexey-milovidov)
o Temporarily disable predicate optimization for ORDER BY . #3890 (Winter Zhang)

o Fixed lllegal instruction error when using baseé4 functions on old CPUs. This error has been reproduced only when
ClickHouse was compiled with gcc-8. #4275 (alexey-milovidov)

o Fixed No message received error when interacting with PostgreSQL ODBC Driver through TLS connection. Also fixes
segfault when using MySQL ODBC Driver. #4170 (alexey-milovidov)

o Fixedincorrect result when Date and DateTime arguments are used in branches of conditional operator (function
if ). Added generic case for function if . #4243 (alexey-milovidov)

o ClickHouse dictionaries now load within clickhouse process. #4166 (alexey-milovidov)

o Fixed deadlock when SELECT from a table with File engine was retried after No such file or directory error. #4161
(alexey-milovidov)

o Fixed race condition when selecting from system.tables may give table doesn't exist error. #4313 (alexey-milovidov)

o clickhouse-client can segfault on exit while loading data for command line suggestions if it was run in interactive
mode. #4317 (alexey-milovidov)

¢ Fixed a bug when the execution of mutations containing IN operators was producing incorrect results. #4099 (Alex
Zatelepin)

o Fixed error: if there is a database with Dictionary engine, all dictionaries forced to load at server startup, and if there
is a dictionary with ClickHouse source from localhost, the dictionary cannot load. #4255 (alexey-milovidov)

o Fixed error when system logs are tried to create again at server shutdown. #4254 (alexey-milovidov)
o Correctly return the right type and properly handle locks in joinGet function. #4153 (Amos Bird)

e Added sumMapWithOverflow function. #4151 (Léo Ercolanelli)

o Fixed segfault with allow_experimental_multiple_joins_emulation . 52de2c (Artem Zuikov)

o Fixed bug withincorrect Date and DateTime comparison. #4237 (valexey)

o Fixed fuzz test under undefined behavior sanitizer: added parameter type check for quantile*Weighted family of
functions. #4145 (alexey-milovidov)

« Fixed rare race condition when removing of old data parts can fail with File not found error. #4378 (alexey-milovidov)
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o Fixinstall package with missing /etc/clickhouse-server/config.xml. #4343 (proller)
Build/Testing/Packaging Improvements

o Debian package: correct /etc/clickhouse-server/preprocessed link according to config. #4205 (proller)

o Various build fixes for FreeBSD. #4225 (proller)

o Added ability to create, fill and drop tables in perftest. #4220 (alesapin)

o Added a script to check for duplicate includes. #4326 (alexey-milovidov)

o Added ability to run queries by index in performance test. #4264 (alesapin)

o Package with debug symbols is suggested to be installed. #4274 (alexey-milovidov)

o Refactoring of performance-test. Better logging and signals handling. #4171 (alesapin)

¢ Added docs to anonymized Yandex.Metrika datasets. #4164 (alesapin)

o Added tool for converting an old month-partitioned part to the custom-partitioned format.#4195 (Alex Zatelepin)
o Added docs about two datasets in s3. #4144 (alesapin)

o Added script which creates changelog from pull requests description. #4169 #4173 (KochetovNicolai)
(KochetovNicolai)

o Added puppet module for Clickhouse. #4182 (Maxim Fedotov)

o Added docs for a group of undocumented functions. #4168 (Winter Zhang)

o ARM build fixes. #4210#4306 #4291 (proller) (proller)

o Dictionary tests now able to run from ctest . #4189 (proller)

o Now /etc/ssl is used as default directory with SSL certificates. #4167 (alexey-milovidov)
o Added checking SSE and AVX instruction at start. #4234 (Igr)

« Init script will wait server until start. #4281 (proller)
Backward Incompatible Changes

e Removed allow_experimental_low_cardinality_type setting. LowCardinality data types are production ready. #4323
(alexey-milovidov)

¢ Reduce mark cache size and uncompressed cache size accordingly to available memory amount. #4240 (Lopatin
Konstantin

Added keyword INDEX in CREATE TABLE query. A column with name index must be quoted with backticks or
double quotes: “index . #4143 (Nikita Vasilev)

e sumMap now promote result type instead of overflow. The old sumMap behavior can be obtained by using
sumMapWithOverflow function. #4151 (Léo Ercolanelli)

Performance Impovements

o std:sort replaced by pdgsort for queries without LIMIT . #4236 (Evgenii Pravda)
« Now server reuse threads from global thread pool. This affects performance in some corner cases.#4150 (alexey-
milovidov)

Improvements

¢ Implemented AIO support for FreeBSD. #4305 (urgordeadbeef)
e SELECT * FROM a JOIN b USING a, b now return a and b columns only from the left table. #4141 (Artem Zuikov)
o Allow -C option of client to work as -c option. #4232 (syominsergey)

¢ Now option --password used without value requires password from stdin. #4230 (BSD_Conqueror)
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o Added highlighting of unescaped metacharacters in string literals that contain LIKE expressions or regexps. #4327
(alexey-milovidov)

« Added cancelling of HTTP read only queries if client socket goes away. #4213 (nvartolomei)
« Now server reports progress to keep client connections alive. #4215 (lvan)

o Slightly better message with reason for OPTIMIZE query with optimize_throw_if noop setting enabled. #4294 (alexey-
milovidov)

o Added support of --version option for clickhouse server. #4251 (Lopatin Konstantin)

e Added --help/-h optionto clickhouse-server . #4233 (Yuriy Baranov)

¢ Added support for scalar subqueries with aggregate function state result. #4348 (Nikolai Kochetov)
o Improved server shutdown time and ALTERs waiting time. #4372 (alexey-milovidov)

o Added info about the replicated_can_become_leader setting to system.replicas and add logging if the replica won't
try to become leader. #4379 (Alex Zatelepin)

ClickHouse release 19.1.14, 2019-03-14

e Fixed error Column ... queried more than once that may happen if the setting asterisk_left_columns_only is setto 1in case
of using GLOBAL JOIN with SELECT * (rare case). The issue does not exist in 19.3 and newer. 6bac7d8d (Artem
Zuikov)

ClickHouse release 19.1.13, 2019-03-12

This release contains exactly the same set of patches as 19.3.7.

ClickHouse release 19.1.10, 2019-03-03

This release contains exactly the same set of patches as 19.3.6.

ClickHouse release 19.1.9, 2019-02-21

Bug fixes

o Fixed backward incompatibility with old versions due to wrong implementation of send_logs_level setting. #4445
(alexey-milovidov)

o Fixed backward incompatibility of table function remote introduced with column comments. #4446 (alexey-
milovidov)
ClickHouse release 19.1.8, 2019-02-16

Bug Fixes

¢ Fix install package with missing /etc/clickhouse-server/config.xml. #4343 (proller)

ClickHouse release 19.1.7, 2019-02-15

Bug Fixes

o Correctly return the right type and properly handle locks in joinGet function. #4153 (Amos Bird)
o Fixed error when system logs are tried to create again at server shutdown. #4254 (alexey-milovidov)

o Fixed error: if there is a database with Dictionary engine, all dictionaries forced to load at server startup, and if there
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is a dictionary with ClickHouse source from localhost, the dictionary cannot load. #4255 (alexey-milovidov)

« Fixed a bug when the execution of mutations containing IN operators was producing incorrect results. #4099 (Alex
Zatelepin)

o clickhouse-client can segfault on exit while loading data for command line suggestions if it was run in interactive
mode. #4317 (alexey-milovidov)

o Fixed race condition when selecting from system.tables may give table doesn't exist error. #4313 (alexey-milovidov)

o Fixed deadlock when SELECT from a table with File engine was retried after No such file or directory error. #4161
(alexey-milovidov)

o Fixed anissue: local ClickHouse dictionaries are loaded via TCP, but should load within process.#4166 (alexey-
milovidov)

o Fixed No message received error when interacting with PostgreSQL ODBC Driver through TLS connection. Also fixes
segfault when using MySQL ODBC Driver. #4170 (alexey-milovidov)

o Temporarily disable predicate optimization for ORDER BY . #3890 (Winter Zhang)
o Fixed infinite loop when selecting from table function numbers(0) . #4280 (alexey-milovidov)
o Fixed compile_expressions bug with comparison of big (more than int16) dates. #4341 (alesapin)

o Fixed segmentation fault with uncompressed_cache=1 and exception with wrong uncompressed size. #4186
(alesapin)

o Fixed ALL JOIN with duplicates in right table. #4184 (Artem Zuikov)

o Fixed wrong behaviour when doing INSERT ... SELECT ... FROM file(...) query and file has CSVWithNames or
TSVWIthNames format and the first data row is missing. #4297 (alexey-milovidov)

o Fixed aggregate functions execution with Array(LowCardinality) arguments. #4055 (KochetovNicolai)
o Debian package: correct /etc/clickhouse-server/preprocessed link according to config. #4205 (proller)

o Fixed fuzz test under undefined behavior sanitizer: added parameter type check for quantile*Weighted family of
functions. #4145 (alexey-milovidov)

e« Make START REPLICATED SENDS command start replicated sends. #4229 (nvartolomei)
o Fixed Not found column for duplicate columns in JOIN ON section. #4279 (Artem Zuikov)
o Now /etc/ssl is used as default directory with SSL certificates. #4167 (alexey-milovidov)
o Fixed crash on dictionary reload if dictionary not available. #4188 (proller)

o Fixed bug with incorrect Date and DateTime comparison. #4237 (valexey)

o Fixedincorrect result when Date and DateTime arguments are used in branches of conditional operator (function
if ). Added generic case for function if . #4243 (alexey-milovidov)

ClickHouse release 19.1.6, 2019-01-24

New Features

o Custom per column compression codecs for tables. #3899 #4111 (alesapin, Winter Zhang, Anatoly)
o Added compression codec Delta . #4052 (alesapin)
o Allowto ALTER compression codecs. #4054 (alesapin)

o Added functions left, right, trim, Itrim, rtrim, timestampadd , timestampsub for SQL standard compatibility. #3826
(lvan Blinkov)

e Support for write in HDFS tables and hdfs table function. #4084 (alesapin)

o Added functions to search for multiple constant strings from big haystack: multiPosition, multiSearch , firstMatch also
with -UTF8, -Caselnsensitive , and -CaselnsensitiveUTF8 variants. #4053 (Danila Kutenin)
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o Pruning of unused shards if SELECT query filters by sharding key (setting optimize_skip_unused_shards ). #3851 (Gleb
Kanterov, Ivan)

o Allow Kafka engine toignore some number of parsing errors per block. #4094 (lvan)

o Added support for CatBoost multiclass models evaluation. Function modelEvaluate returns tuple with per-class raw
predictions for multiclass models. libcatboostmodel.so should be built with #607. #3959 (KochetovNicolai)

o Added functions filesystemAvailable , filesystemFree , filesystemCapacity . #4097 (Boris Granveaud)
¢ Added hashing functions xxHash64 and xxHash32 . #3905 (filimonov)

e Added gccMurmurHash hashing function (GCC flavoured Murmur hash) which uses the same hash seed asgcc #4000
(sundyli)

¢ Added hashing functions javaHash, hiveHash . #3811 (shangshujie365)

¢ Added table function remoteSecure . Function works as remote , but uses secure connection. #4088 (proller)
Experimental features

o Added multiple JOINs emulation ( allow_experimental_multiple_joins_emulation setting). #3946 (Artem Zuikov)
Bug Fixes

e Make compiled_expression_cache_size setting limited by default to lower memory consumption. #4041 (alesapin)

o Fixabug thatled to hangups in threads that perform ALTERs of Replicated tables and in the thread that updates
configuration from ZooKeeper. #2947 #3891 #3934 (Alex Zatelepin)

o Fixed arace condition when executing a distributed ALTER task. The race condition led to more than one replica
trying to execute the task and all replicas except one failing with a ZooKeeper error. #3904 (Alex Zatelepin)

o Fixabugwhen from_zk config elements weren't refreshed after a request to ZooKeeper timed out. #2947 #3947
(Alex Zatelepin)

o Fix bug with wrong prefix for IPv4 subnet masks. #3945 (alesapin)

o Fixed crash ( std::terminate ) in rare cases when a new thread cannot be created due to exhausted resources #3956
(alexey-milovidov)

e Fixbugwhenin remote table function execution when wrong restrictions were used for in getStructureOfRemoteTable .
#4009 (alesapin)

o Fix aleak of netlink sockets. They were placed in a pool where they were never deleted and new sockets were
created at the start of a new thread when all current sockets were in use. #4017 (Alex Zatelepin)

o Fix bug with closing /proc/self/fd directory earlier than all fds were read from /proc after forking odbc-bridge
subprocess. #4120 (alesapin)

¢ Fixed String to UInt monotonic conversion in case of usage String in primary key.#3870 (Winter Zhang)
o Fixed error in calculation of integer conversion function monotonicity. #3921 (alexey-milovidov)

o Fixed segfaultin arrayEnumerateUniq, arrayEnumerateDense functions in case of someinvalid arguments. #3909
(alexey-milovidov)

o Fix UBin StorageMerge. #3910 (Amos Bird)
o Fixed segfaultin functions addDays, subtractDays . #3913 (alexey-milovidov)

o Fixed error: functions round, floor, trunc, ceil may return bogus result when executed on integer argument and
large negative scale. #3914 (alexey-milovidov)

o Fixed a buginduced by 'kill query sync' which leads to a core dump. #3916 (muVulDeePecker)
o Fix bug with long delay after empty replication queue. #3928 #3932 (alesapin)

o Fixed excessive memory usage in case of inserting into table with LowCardinality primary key. #3955
(KochetovNicolai)


https://github.com/yandex/ClickHouse/pull/3851
https://github.com/kanterov
https://github.com/abyss7
https://github.com/yandex/ClickHouse/pull/4094
https://github.com/abyss7
https://github.com/catboost/catboost/pull/607
https://github.com/yandex/ClickHouse/pull/3959
https://github.com/KochetovNicolai
https://github.com/yandex/ClickHouse/pull/4097
https://github.com/bgranvea
https://github.com/yandex/ClickHouse/pull/3905
https://github.com/filimonov
https://github.com/gcc-mirror/gcc/blob/41d6b10e96a1de98e90a7c0378437c3255814b16/libstdc%252B%252B-v3/include/bits/functional_hash.h#L191
https://github.com/yandex/ClickHouse/pull/4000
https://github.com/sundy-li
https://github.com/yandex/ClickHouse/pull/3811
https://github.com/shangshujie365
https://github.com/yandex/ClickHouse/pull/4088
https://github.com/proller
https://github.com/yandex/ClickHouse/pull/3946
https://github.com/4ertus2
https://github.com/yandex/ClickHouse/pull/4041
https://github.com/alesapin
https://github.com/yandex/ClickHouse/issues/2947
https://github.com/yandex/ClickHouse/issues/3891
https://github.com/yandex/ClickHouse/pull/3934
https://github.com/ztlpn
https://github.com/yandex/ClickHouse/pull/3904
https://github.com/ztlpn
https://github.com/yandex/ClickHouse/issues/2947
https://github.com/yandex/ClickHouse/pull/3947
https://github.com/ztlpn
https://github.com/yandex/ClickHouse/pull/3945
https://github.com/alesapin
https://github.com/yandex/ClickHouse/pull/3956
https://github.com/alexey-milovidov
https://github.com/yandex/ClickHouse/pull/4009
https://github.com/alesapin
https://github.com/yandex/ClickHouse/pull/4017
https://github.com/ztlpn
https://github.com/yandex/ClickHouse/pull/4120
https://github.com/alesapin
https://github.com/yandex/ClickHouse/pull/3870
https://github.com/zhang2014
https://github.com/yandex/ClickHouse/pull/3921
https://github.com/alexey-milovidov
https://github.com/yandex/ClickHouse/pull/3909
https://github.com/alexey-milovidov
https://github.com/yandex/ClickHouse/pull/3910
https://github.com/amosbird
https://github.com/yandex/ClickHouse/pull/3913
https://github.com/alexey-milovidov
https://github.com/yandex/ClickHouse/pull/3914
https://github.com/alexey-milovidov
https://github.com/yandex/ClickHouse/pull/3916
https://github.com/fancyqlx
https://github.com/yandex/ClickHouse/pull/3928
https://github.com/yandex/ClickHouse/pull/3932
https://github.com/alesapin
https://github.com/yandex/ClickHouse/pull/3955
https://github.com/KochetovNicolai

o Fixed LowCardinality serialization for Native formatin case of empty arrays. #3907 #4011 (KochetovNicolai)
o Fixed incorrect result while using distinct by single LowCardinality numeric column. #3895 #4012 (KochetovNicolai)

o Fixed specialized aggregation with LowCardinality key (in case when compile setting is enabled). #3886
(KochetovNicolai)

« Fix user and password forwarding for replicated tables queries. #3957 (alesapin) (/)Vi&)

o Fixed very rare race condition that can happen when listing tables in Dictionary database while reloading
dictionaries. #3970 (alexey-milovidov)

o Fixed incorrect result when HAVING was used with ROLLUP or CUBE. #3756 #3837 (Sam Chou)
o Fixed column aliases for query with JOIN ON syntax and distributed tables. #3980 (Winter Zhang)

o Fixed error ininternal implementation of quantileTDigest (found by Artem Vakhrushev). This error never happens in
ClickHouse and was relevant only for those who use ClickHouse codebase as a library directly. #3935 (alexey-
milovidov)

Improvements
o Support for IF NOT EXISTS in ALTER TABLE ADD COLUMN statements along with IF EXISTS in

DROP/MODIFY/CLEAR/COMMENT COLUMN . #3900 (Boris Granveaud)

o Function parseDateTimeBestEffort : support for formats DD.MM.YYYY , DD.MM.YY , DD-MM-YYYY, DD-Mon-YYYY ,
DD/Month/YYYY and similar. #3922 (alexey-milovidov)

e CapnProtolnputStream now support jagged structures. #4063 (Odin Hultgren Van Der Horst)

o Usability improvement: added a check that server process is started from the data directory's owner. Do not allow
to start server from root if the data belongs to non-root user. #3785 (sergey-v-galtsev)

o Better logic of checking required columns during analysis of queries with JOINs. #3930 (Artem Zuikov)

¢ Decreased the number of connections in case of large number of Distributed tables in a single server. #3726 (Winter
Zhang)

e Supported totals row for WITH TOTALS query for ODBC driver. #3836 (Maksim Koritckiy)
o Allowed touse Enum s asintegers inside if function. #3875 (lvan)

o Added low_cardinality_allow_in_native_format setting. If disabled, do not use LowCadrinality type in Native format.
#3879 (KochetovNicolai)

¢ Removed some redundant objects from compiled expressions cache to lower memory usage. #4042 (alesapin)
o Add check that SET send_logs_level = 'value' query accept appropriate value. #3873 (Sabyanin Maxim)

o Fixed data type check in type conversion functions. #3896 (Winter Zhang)
Performance Improvements

o Add aMergeTree setting use_minimalistic_part_header_in_zookeeper . If enabled, Replicated tables will store compact
part metadata in a single part znode. This can dramatically reduce ZooKeeper snapshot size (especially if the tables
have a lot of columns). Note that after enabling this setting you will not be able to downgrade to a version that
doesn't support it. #3960 (Alex Zatelepin)

o Add an DFA-based implementation for functions sequenceMatch and sequenceCount in case pattern doesn't contain
time. #4004 (Léo Ercolanelli)

¢ Performance improvement for integer numbers serialization. #3968 (Amos Bird)

o Zero left padding PODArray so that -1 element is always valid and zeroed. It's used for branchless calculation of
offsets. #3920 (Amos Bird)

o Reverted jemalloc version which lead to performance degradation. #4018 (alexey-milovidov)

Backward Incompatible Changes
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¢ Removed undocumented feature ALTER MODIFY PRIMARY KEY because it was superseded by the ALTER MODIFY
ORDER BY command. #3887 (Alex Zatelepin)

¢ Removed function shardByHash . #3833 (alexey-milovidov)

o Forbid using scalar subqueries with result of type AggregateFunction . #3865 (lvan)
Build/Testing/Packaging Improvements

o Added support for PowerPC ( ppc64le ) build. #4132 (Danila Kutenin)
o Stateful functional tests are run on public available dataset. #3969 (alexey-milovidov)

o Fixed error when the server cannot start with the bash: /usr/bin/clickhouse-extract-from-config: Operation not permitted
message within Docker or systemd-nspawn. #4136 (alexey-milovidov)

o Updated rdkafka library to v1.0.0-RC5. Used cppkafka instead of raw C interface. #4025 (Ivan)

o Updated mariadb-client library. Fixed one of issues found by UBSan.#3924 (alexey-milovidov)

o Some fixes for UBSan builds. #3926 #3021 #3948 (alexey-milovidov)

o Added per-commit runs of tests with UBSan build.

o Added per-commit runs of PVS-Studio static analyzer.

o Fixed bugs found by PVS-Studio. #4013 (alexey-milovidov)

o Fixed glibc compatibility issues. #4100 (alexey-milovidov)

¢ Move Docker images to 18.10 and add compatibility file for glibc >= 2.28 #3965 (alesapin)

o Add env variable if user don't want to chown directories in server Docker image. #3967 (alesapin)
o Enabled most of the warnings from -Weverything in clang. Enabled -Wpedantic . #3986 (alexey-milovidov)
« Added a few more warnings that are available only in clang 8.#3993 (alexey-milovidov)

e Linkto libLLVM rather than to individual LLVM libs when using shared linking.#3989 (Orivej Desh)
o Added sanitizer variables for test images. #4072 (alesapin)

e clickhouse-server debian package will recommend libcap2-bin package to use setcap tool for setting capabilities. This
is optional. #4093 (alexey-milovidov)

¢ Improved compilation time, fixed includes. #3898 (proller)

o Added performance tests for hash functions. #3918 (filimonov)

o Fixed cyclic library dependences. #3958 (proller)

¢ Improved compilation with low available memory. #4030 (proller)

o Added test script to reproduce performance degradation in jemalloc . #4036 (alexey-milovidov)
o Fixed misspells in comments and string literals under doms . #4122 (maiha)

o Fixed typosin comments. #4089 (Evgenii Pravda)

ClickHouse release 18.16.1, 2018-12-21
Bug fixes:

o Fixed an error that led to problems with updating dictionaries with the ODBC source.#3825, #3829

o JIT compilation of aggregate functions now works with LowCardinality columns. #3838
Improvements:

o Added the low_cardinality_allow_in_native_format setting (enabled by default). When disabled, LowCardinality columns
will be converted to ordinary columns for SELECT queries and ordinary columns will be expected for INSERT
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queries. #3879
Build improvements:

o Fixes for builds on macOS and ARM.

ClickHouse release 18.16.0, 2018-12-14

New features:
e DEFAULT expressions are evaluated for missing fields when loading data in semi-structured input formats
( JSONEachRow , TSKV ). The feature is enabled with the insert_sample_with_metadata setting. #3555

e The ALTER TABLE query now has the MODIFY ORDER BY action for changing the sorting key when adding or
removing a table column. This is useful for tables in the MergeTree family that perform additional tasks when
merging based on this sorting key, such as SummingMergeTree , AggregatingMergeTree , and so on. #3581 #3755

o Fortablesinthe MergeTree family, now you can specify a different sorting key (ORDER BY ) and index ( PRIMARY
KEY ). The sorting key can be longer than the index. #3581

o Added the hdfs table function and the HDFS table engine for importing and exporting data to HDFS. chenxing-xc

o Added functions for working with base64: base64Encode , base64Decode , tryBase64Decode . Alexander
Krasheninnikov

« Now you can use a parameter to configure the precision of the unigCombined aggregate function (select the number
of HyperLogLog cells). #3406

o Added the system.contributors table that contains the names of everyone who made commits in ClickHouse. #3452

o Added the ability to omit the partition for the ALTER TABLE ... FREEZE query in order to back up all partitions at
once. #3514

e Added dictGet and dictGetOrDefault functions that don't require specifying the type of return value. The typeiis
determined automatically from the dictionary description. Amos Bird

o Now you can specify comments for a column in the table description and change it using ALTER . #3377
¢ Reading is supported for Join type tables with simple keys. Amos Bird

o Now you can specify the options join_use nulls , max_rows_in_join , max_bytes_in_join , and join_overflow_mode when
creating a Join type table. Amos Bird

o Added the joinGet function that allows you to use a Join type table like a dictionary. Amos Bird

o Added the partition_key , sorting_key , primary_key , and sampling_key columns to the system.tables table in order to
provide information about table keys. #3609

e Added the is_in_partition_key , is_in_sorting_key , is_in_primary_key ,and is_in_sampling_key columns to the
system.columns table. #3609

e Added the min_time and max_time columns tothe system.parts table. These columns are populated when the
partitioning key is an expression consisting of DateTime columns. Emmanuel Donin de Rosiéere

Bug fixes:

o Fixes and performance improvements for the LowCardinality data type. GROUP BY using LowCardinality(Nullable(...)) .
Getting the values of extremes . Processing high-order functions. LEFT ARRAY JOIN . Distributed GROUP BY .
Functions that return Array . Execution of ORDER BY . Writing to Distributed tables (nicelulu). Backward compatibility
for INSERT queries from old clients that implement the Native protocol. Support for LowCardinality for JOIN .
Improved performance when working in a single stream. #3823 #3803 #3799 #3769 #3744 #3681 #3651 #3649
#3641 #3632 #3568 #3523 #3518

o Fixed how the select_sequential_consistency option works. Previously, when this setting was enabled, an incomplete
result was sometimes returned after beginning to write to a new partition. #2863
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o Databases are correctly specified when executing DDL ON CLUSTER queries and ALTER UPDATE/DELETE . #3772
#3460

o Databases are correctly specified for subqueries inside a VIEW. #3521
o Fixed abugin PREWHERE with FINAL for VersionedCollapsingMergeTree . 7167bfd7

e« Now you canuse KILL QUERY to cancel queries that have not started yet because they are waiting for the table to
be locked. #3517

o Corrected date and time calculations if the clocks were moved back at midnight (this happens in Iran, and happened
in Moscow from 1981 to 1983). Previously, this led to the time being reset a day earlier than necessary, and also
caused incorrect formatting of the date and time in text format. #3819

o Fixed bugsin some cases of VIEW and subqueries that omit the database. Winter Zhang

o Fixed arace condition when simultaneously reading from a MATERIALIZED VIEW and deletinga MATERIALIZED
VIEW due to not locking the internal MATERIALIZED VIEW . #3404 #3694

o Fixed the error Lock handler cannot be nullptr. #3689

o Fixed query processing when the compile_expressions option is enabled (it's enabled by default). Nondeterministic
constant expressions like the now function are no longer unfolded. #3457

o Fixed a crash when specifying a non-constant scale argument in toDecimal32/64/128 functions.

o Fixed an error when trying to insert an array with NULL elementsinthe Values formatinto a column of type Array
without Nullable (if input format values_interpret_expressions =1). #3487 #3503

o Fixed continuous error logging in DDLWorker if ZooKeeper is not available. 8f50c620
o Fixed thereturntype for quantile* functions from Date and DateTime types of arguments. #3580
o Fixed the WITH clause if it specifies a simple alias without expressions.#3570

o Fixed processing of queries with named sub-queries and qualified column names when
enable_optimize_predicate_expression is enabled. Winter Zhang

o Fixed the error Attempt to attach to nullptr thread group when working with materialized views. Marek Vavrusa
o Fixed a crash when passing certain incorrect arguments to the arrayReverse function.73e3a7b6

o Fixed the buffer overflow in the extractURLParameter function. Improved performance. Added correct processing of
strings containing zero bytes. 1419799

o Fixed buffer overflow in the lowerUTF8 and upperUTF8 functions. Removed the ability to execute these functions
over FixedString type arguments. #3662

o Fixed arare race condition when deleting MergeTree tables. #3680

o Fixed a race condition when reading from Buffer tables and simultaneously performing ALTER or DROP on the
target tables. #3719

o Fixed a segfault if the max_temporary_non_const_columns limit was exceeded. #3788
Improvements:

o The server does not write the processed configuration files to the /etc/clickhouse-server/ directory. Instead, it saves
them in the preprocessed_configs directory inside path . This means that the /etc/clickhouse-server/ directory doesn't
have write access for the clickhouse user, which improves security. #2443

e The min_merge_bytes_to_use_direct_io optionis set to 10 GiB by default. A merge that forms large parts of tables from
the MergeTree family will be performed in O_DIRECT mode, which prevents excessive page cache eviction. #3504

o Accelerated server start when there is a very large number of tables. #3398
¢ Added a connection pooland HTTP Keep-Alive for connections between replicas. #3594

o If the query syntax is invalid, the 400 Bad Request code is returned in the HTTP interface (500 was returned
previously). 31bc680a
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e The join_default_strictness optionis setto ALL by default for compatibility.120e2cbe
e Removed logging to stderr from the re2 library for invalid or complex regular expressions. #3723

o Added for the Kafka table engine: checks for subscriptions before beginning to read from Kafka; the
kafka_max_block_size setting for the table. Marek Vavrusa

e The cityHash64 , farmHash64 , metroHash64 , sipHash64 , halfMD5, murmurHash2_32, murmurHash2_64 , murmurHash3_32,
and murmurHash3 64 functions now work for any number of arguments and for arguments in the form of tuples.
#3451 #3519

e The arrayReverse function now works with any types of arrays. 73e3a7b6
o Added an optional parameter: the slot size for the timeSlots function. Kirill Shvakov

e For FULL and RIGHT JOIN, the max_block_size setting is used for a stream of non-joined data from the right table.
Amos Bird

o Added the --secure command line parameter in clickhouse-benchmark and clickhouse-performance-test to enable TLS.
#3688 #3690

o Type conversion when the structure of a Buffer type table does not match the structure of the destination table.
Vitaly Baranov

o Added the tcp_keep_alive_timeout option to enable keep-alive packets after inactivity for the specified time interval.
#3441

o Removed unnecessary quoting of values for the partition key in the system.parts table if it consists of a single
column. #3652

o The modulo function works for Date and DateTime data types. #3385

e Added synonyms for the POWER, LN, LCASE, UCASE, REPLACE, LOCATE, SUBSTR,and MID functions. #3774
#3763 Some function names are case-insensitive for compatibility with the SQL standard. Added syntactic sugar
SUBSTRING(expr FROM start FOR length) for compatibility with SQL. #3804

o Added the ability to mlock memory pages corresponding to clickhouse-server executable code to prevent it from
being forced out of memory. This feature is disabled by default. #3553

¢ Improved performance when reading from O_DIRECT (with the min_bytes to _use_direct io option enabled). #3405

o Improved performance of the dictGet...OrDefault function for a constant key argument and a non-constant default
argument. Amos Bird

e The firstSignificantSubdomain function now processes the domains gov, mil,and edu.lgor Hatarist Improved
performance. #3628

o Ability to specify custom environment variables for starting clickhouse-server using the SYS-V init.d script by defining
CLICKHOUSE_PROGRAM_ENV in /etc/default/clickhouse . Pavlo Bashynskyi

o Correct return code for the clickhouse-server init script. #3516

o The system.metrics table now has the Versioninteger metric, and system.build_options has the added line
VERSION_INTEGER , which contains the numeric form of the ClickHouse version, such as 18016000 . #3644

o Removed the ability to compare the Date type with a number to avoid potential errors like date = 2018-12-17 , where
quotes around the date are omitted by mistake. #3687

o Fixed the behavior of stateful functions like rowNumberInAllBlocks . They previously output a result that was one
number larger due to starting during query analysis. Amos Bird

o If the force_restore_data file can't be deleted, an error message is displayed.Amos Bird
Build improvements:

o Updated the jemalloc library, which fixes a potential memory leak. Amos Bird

o Profiling with jemalloc is enabled by default in order to debug builds. 2cc82f5c
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o Added the ability to run integration tests when only Docker is installed on the system. #3650
o Added the fuzz expression test in SELECT queries. #3442

o Added a stress test for commits, which performs functional tests in parallel and in random order to detect more
race conditions. #3438

¢ Improved the method for starting clickhouse-server in a Docker image.Elghazal Ahmed

o ForaDockerimage, added support for initializing databases using files in the /docker-entrypoint-initdb.d directory.
Konstantin Lebedev

o Fixes for builds on ARM. #3709
Backward incompatible changes:

e Removed the ability to compare the Date type with a number. Instead of toDate('2018-12-18') = 17883, you must use
explicit type conversion = toDate(17883) #3687

ClickHouse release 18.14.19, 2018-12-19

Bug fixes:

o Fixed an error that led to problems with updating dictionaries with the ODBC source.#3825, #3829
o Databases are correctly specified when executing DDL ON CLUSTER queries. #3460

o Fixed a segfault if the max_temporary_non_const_columns limit was exceeded. #3788
Build improvements:

o Fixes for builds on ARM.

ClickHouse release 18.14.18, 2018-12-04
Bug fixes:

o Fixed errorin dictGet... function for dictionaries of type range , if one of the arguments is constant and other is not.
#3751

o Fixed error that caused messages netlink: '...": attribute type 1 has an invalid length to be printed in Linux kernel log, that
was happening only on fresh enough versions of Linux kernel. #3749

o Fixed segfaultin function empty for argument of FixedString type. Daniel, Dao Quang Minh

o Fixed excessive memory allocation when using large value of max_query_size setting (@ memory chunk of
max_query_size bytes was preallocated at once). #3720

Build changes:

o Fixed build with LLVM/Clang libraries of version 7 from the OS packages (these libraries are used for runtime query
compilation). #3582

ClickHouse release 18.14.17, 2018-11-30

Bug fixes:

o Fixed cases when the ODBC bridge process did not terminate with the main server process.#3642

o Fixed synchronous insertion into the Distributed table with a columns list that differs from the column list of the
remote table. #3673

o Fixed arare race condition that can lead to a crash when dropping a MergeTree table. #3643
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o Fixed a query deadlock in case when query thread creation fails with the Resource temporarily unavailable error. #3643

o Fixed parsing of the ENGINE clause when the CREATE AS table syntax was used and the ENGINE clause was
specified before the AS table (the error resulted inignoring the specified engine). #3692

ClickHouse release 18.14.15, 2018-11-21
Bug fixes:

e The size of memory chunk was overestimated while deserializing the column of type Array(String) that leads to
"Memory limit exceeded" errors. The issue appeared in version 18.12.13. #3589

ClickHouse release 18.14.14, 2018-11-20

Bug fixes:
o Fixed ON CLUSTER queries when cluster configured as secure (flag <secure> ). #3599
Build changes:

o Fixed problems (llvm-7 from system, macos) #3582

ClickHouse release 18.14.13, 2018-11-08
Bug fixes:

o Fixed the Block structure mismatch in MergingSorted stream error. #3162

o Fixed ON CLUSTER queriesin case when secure connections were turned on in the cluster config (the <secure> flag).
#3465

o Fixed an error in queries that used SAMPLE , PREWHERE and alias columns. #3543

o Fixed a rare unknown compression method error when the min_bytes_to_use_direct_io setting was enabled. 3544
Performance improvements:

o Fixed performance regression of queries with GROUP BY of columns of UInt16 or Date type when executing on
AMD EPYC processors. Igor Lapko

o Fixed performance regression of queries that process long strings.#3530
Build improvements:

o Improvements for simplifying the Arcadia build. #3475, #3535

ClickHouse release 18.14.12, 2018-11-02

Bug fixes:

o Fixed a crash on joining two unnamed subqueries. #3505
o Fixed generating incorrect queries (with an empty WHERE clause) when querying external databases. hotid

o Fixed using anincorrect timeout value in ODBC dictionaries.Marek Vavrusa

ClickHouse release 18.14.11, 2018-10-29

Bug fixes:
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o Fixed the error Block structure mismatch in UNION stream: different number of columns in LIMIT queries. #2156
o Fixed errors when merging data in tables containing arrays inside Nested structures. #3397

o Fixed incorrect query results if the merge tree _uniform_read_distribution setting is disabled (it is enabled by default).
#3429

Fixed an error on inserts to a Distributed table in Native format. #3411

ClickHouse release 18.14.10, 2018-10-23

e The compile_expressions setting (JIT compilation of expressions) is disabled by default. #3410

e The enable_optimize_predicate_expression setting is disabled by default.

ClickHouse release 18.14.9, 2018-10-16

New features:

e The WITH CUBE modifier for GROUP BY (the alternative syntax GROUP BY CUBE(...) is also available). #3172
o Added the formatDateTime function. Alexandr Krasheninnikov

o Added the JDBC table engine and jdbc table function (requires installing clickhouse-jdbc-bridge). Alexandr
Krasheninnikov

e Added functions for working with the ISO week number: tolSOWeek , tolSOYear, toStartOflISOYear ,and toDayOfYear .
#3146

o Now you can use Nullable columns for MySQL and ODBC tables. #3362

o Nested data structures can be read as nested objects in JSONEachRow format. Added the
input_format_import_nested_json setting. Veloman Yunkan

o Parallel processing is available for many MATERIALIZED VIEW s when inserting data. See the parallel_view_processing
setting. Marek Vavrusa

o Addedthe SYSTEM FLUSH LOGS query (forced log flushes to system tables such as query_log ) #3321
e Now you can use pre-defined database and table macros when declaring Replicated tables. #3251

o Added the ability to read Decimal type values in engineering notation (indicating powers of ten). #3153
Experimental features:

¢ Optimization of the GROUP BY clause for LowCardinality data types. #3138
o Optimized calculation of expressions for LowCardinality data types. #3200
Improvements:
o Significantly reduced memory consumption for queries with ORDER BY and LIMIT . See the
max_bytes_before_remerge_sort setting. #3205
e Intheabsence of JOIN (LEFT, INNER,...), INNER JOIN isassumed. #3147
¢ Qualified asterisks work correctly in queries with JOIN . Winter Zhang

o The ODBC table engine correctly chooses the method for quoting identifiers in the SQL dialect of a remote
database. Alexandr Krasheninnikov

¢ The compile_expressions setting (JIT compilation of expressions) is enabled by default.

o Fixed behavior for simultaneous DROP DATABASE/TABLE IF EXISTS and CREATE DATABASE/TABLE IF NOT EXISTS.
Previously, a CREATE DATABASE ... IF NOT EXISTS query could return the error message "File ... already exists", and
the CREATE TABLE ... IF NOT EXISTS and DROP TABLE IF EXISTS queries could return Table ... is creating or attaching
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right now . #3101

o LIKE and IN expressions with a constant right half are passed to the remote server when querying from MySQL or
ODBC tables. #3182

o« Comparisons with constant expressions in a WHERE clause are passed to the remote server when querying from
MySQL and ODBC tables. Previously, only comparisons with constants were passed. #3182

o Correct calculation of row width in the terminal for Pretty formats, including strings with hieroglyphs. Amos Bird.
e ON CLUSTER can be specified for ALTER UPDATE queries.
o Improved performance for reading data in JSONEachRow format. #3332

e Added synonyms for the LENGTH and CHARACTER_LENGTH functions for compatibility. The CONCAT function is
no longer case-sensitive. #3306

o Added the TIMESTAMP synonym for the DateTime type. #3390

o Thereis always space reserved for query_id in the server logs, even if the log line is not related to a query. This
makes it easier to parse server text logs with third-party tools.

¢ Memory consumption by a query is logged when it exceeds the next level of an integer number of gigabytes.#3205

o Added compatibility mode for the case when the client library that uses the Native protocol sends fewer columns by
mistake than the server expects for the INSERT query. This scenario was possible when using the clickhouse-cpp
library. Previously, this scenario caused the server to crash. #3171

¢ Inauser-defined WHERE expression in clickhouse-copier , you can now use a partition_key alias (for additional filtering
by source table partition). This is useful if the partitioning scheme changes during copying, but only changes
slightly. #3166

o The workflow of the Kafka engine has been moved to a background thread pool in order to automatically reduce the
speed of data reading at high loads. Marek Vavrusa.

o Support for reading Tuple and Nested values of structures like struct inthe Cap'n'Proto format . Marek Vavrusa

o The list of top-level domains for the firstSignificantSubdomain function now includes the domain biz . decaseal

¢ Inthe configuration of external dictionaries, null_value is interpreted as the value of the default data type.#3330
e Support for the intDiv and intDivOrZero functions for Decimal . b48402e8

e Support for the Date, DateTime , UUID , and Decimal types as a key for the sumMap aggregate function. #3281

o Support for the Decimal data type in external dictionaries. #3324

e Support for the Decimal data typein SummingMergeTree tables. #3348

o Added specializations for UUID in if . #3366

e Reduced the number of open and close system calls when reading from a MergeTree table . #3283

e A TRUNCATE TABLE query can be executed on any replica (the query is passed to the leader replica).Kirill Shvakov
Bug fixes:

o Fixed anissue with Dictionary tables for range_hashed dictionaries. This error occurred in version 18.12.17.#1702

o Fixed an error when loading range_hashed dictionaries (the message Unsupported type Nullable (...) ). This error
occurred in version 18.12.17. #3362

o Fixed errorsin the pointinPolygon function due to the accumulation of inaccurate calculations for polygons with a
large number of vertices located close to each other. #3331 #3341

o If after merging data parts, the checksum for the resulting part differs from the result of the same merge in another
replica, the result of the merge is deleted and the data part is downloaded from the other replica (this is the correct
behavior). But after downloading the data part, it couldn't be added to the working set because of an error that the
part already exists (because the data part was deleted with some delay after the merge). This led to cyclical
attempts to download the same data. #3194
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Fixed incorrect calculation of total memory consumption by queries (because of incorrect calculation, the
max_memory_usage_for_all_queries setting worked incorrectly and the MemoryTracking metric had an incorrect value).
This error occurred in version 18.12.13. Marek Vavrusa

Fixed the functionality of CREATE TABLE ... ON CLUSTER ... AS SELECT ... This error occurred in version 18.12.13.
#3247

Fixed unnecessary preparation of data structures for JOIN s on the server that initiates the query if the JOIN is only
performed on remote servers. #3340

Fixed bugs in the Kafka engine: deadlocks after exceptions when starting to read data, and locks upon completion
Marek Vavrusa.

For Kafka tables, the optional schema parameter was not passed (the schema of the Cap'n'Proto format). Vojtech
Splichal

If the ensemble of ZooKeeper servers has servers that accept the connection but then immediately close it instead
of responding to the handshake, ClickHouse chooses to connect another server. Previously, this produced the error
Cannot read all data. Bytes read: 0. Bytes expected: 4. and the server couldn't start. 8218cf3a

If the ensemble of ZooKeeper servers contains servers for which the DNS query returns an error, these servers are
ignored. 17b8e209

Fixed type conversion between Date and DateTime when inserting datainthe VALUES format (if
input_format_values_interpret_expressions = 1 ). Previously, the conversion was performed between the numerical value
of the number of days in Unix Epoch time and the Unix timestamp, which led to unexpected results. #3229

Corrected type conversion between Decimal and integer numbers. #3211
Fixed errors in the enable_optimize_predicate_expression setting. Winter Zhang

Fixed a parsing error in CSV format with floating-point numbers if a non-default CSV separator is used, such as ;
#3155

Fixed the arrayCumSumNonNegative function (it does not accumulate negative values if the accumulator is less than
zero). Aleksey Studnev

Fixed how Merge tables work on top of Distributed tables when using PREWHERE . #3165
Bug fixes in the ALTER UPDATE query.

Fixed bugs in the odbc table function that appeared in version 18.12. #3197

Fixed the operation of aggregate functions with StateArray combinators. #3188

Fixed a crash when dividing a Decimal value by zero.69dd6609

Fixed output of types for operations using Decimal and integer arguments. #3224

Fixed the segfault during GROUP BY on Decimali128 .3359ba06

The log_query_threads setting (logging information about each thread of query execution) now takes effect only if
the log_queries option (logging information about queries) is set to 1. Since the log_query_threads option is enabled
by default, information about threads was previously logged even if query logging was disabled. #3241

Fixed an error in the distributed operation of the quantiles aggregate function (the error message Not found column
quantile... ). 292a8855

Fixed the compatibility problem when working on a cluster of version 18.12.17 servers and older servers at the same
time. For distributed queries with GROUP BY keys of both fixed and non-fixed length, if there was a large amount of
data to aggregate, the returned data was not always fully aggregated (two different rows contained the same
aggregation keys). #3254

Fixed handling of substitutions in clickhouse-performance-test , if the query contains only part of the substitutions
declared in the test. #3263

Fixed an error when using FINAL with PREWHERE . #3298


https://github.com/yandex/ClickHouse/pull/3344
https://github.com/yandex/ClickHouse/pull/3247
https://github.com/yandex/ClickHouse/pull/3340
https://github.com/yandex/ClickHouse/pull/3215
https://github.com/yandex/ClickHouse/pull/3150
https://github.com/yandex/ClickHouse/commit/8218cf3a5f39a43401953769d6d12a0bb8d29da9
https://github.com/yandex/ClickHouse/commit/17b8e209221061325ad7ba0539f03c6e65f87f29
https://github.com/yandex/ClickHouse/pull/3229
https://github.com/yandex/ClickHouse/pull/3211
https://github.com/yandex/ClickHouse/pull/3231
https://github.com/yandex/ClickHouse/pull/3155
https://github.com/yandex/ClickHouse/pull/3163
https://github.com/yandex/ClickHouse/pull/3165
https://github.com/yandex/ClickHouse/pull/3197
https://github.com/yandex/ClickHouse/pull/3188
https://github.com/yandex/ClickHouse/commit/69dd6609193beb4e7acd3e6ad216eca0ccfb8179
https://github.com/yandex/ClickHouse/pull/3224
https://github.com/yandex/ClickHouse/commit/3359ba06c39fcd05bfdb87d6c64154819621e13a
https://github.com/yandex/ClickHouse/pull/3241
https://github.com/yandex/ClickHouse/commit/292a885533b8e3b41ce8993867069d14cbd5a664
https://github.com/yandex/ClickHouse/pull/3254
https://github.com/yandex/ClickHouse/pull/3263
https://github.com/yandex/ClickHouse/pull/3298

o Fixed an error when using PREWHERE over columns that were added during ALTER . #3298

o Added a check for the absence of arrayJoin for DEFAULT and MATERIALIZED expressions. Previously, arrayJoin led
to an error when inserting data. #3337

o Added a check for the absence of arrayJoin ina PREWHERE clause. Previously, this led to messages like Size ...
doesn't match or Unknown compression method when executing queries. #3357

o Fixed segfault that could occur in rare cases after optimization that replaced AND chains from equality evaluations
with the corresponding IN expression. liuyimin-bytedance

e Minor corrections to clickhouse-benchmark : previously, client information was not sent to the server; now the number
of queries executed is calculated more accurately when shutting down and for limiting the number of iterations.
#3351 #3352

Backward incompatible changes:

e Removed the allow_experimental_decimal_type option. The Decimal data type is available for default use. #3329

ClickHouse release 18.12.17, 2018-09-16

New features:
o invalidate_query (the ability to specify a query to check whether an external dictionary needs to be updated) is
implemented for the clickhouse source. #3126

o Added the ability to use UInt*, Int*,and DateTime data types (along with the Date type)as a range_hashed external
dictionary key that defines the boundaries of ranges. Now NULL can be used to designate an open range.Vasily

Nemkov
e The Decimal type now supports var* and stddev* aggregate functions. #3129
¢ The Decimal type now supports mathematical functions (exp , sin and so on.) #3129

e The system.part_log table now has the partition_id column. #3089
Bug fixes:

e Merge now works correctly on Distributed tables. Winter Zhang

o Fixed incompatibility (unnecessary dependency on the glibc version) that made it impossible to run ClickHouse on
Ubuntu Precise and older versions. The incompatibility arose in version 18.12.13. #3130

o Fixed errorsinthe enable_optimize_predicate_expression setting. Winter Zhang

o Fixed a minor issue with backwards compatibility that appeared when working with a cluster of replicas on versions
earlier than 18.12.13 and simultaneously creating a new replica of a table on a server with a newer version (shown in
the message Can not clone replica, because the ... updated to new ClickHouse version , which is logical, but shouldn't
happen). #3122

Backward incompatible changes:

e The enable_optimize_predicate_expression option is enabled by default (which is rather optimistic). If query analysis
errors occur that are related to searching for the column names, set enable_optimize_predicate_expression to 0. Winter
Zhang

ClickHouse release 18.12.14, 2018-09-13
New features:

e Added support for ALTER UPDATE queries. #3035

o Added the allow_ddl option, which restricts the user's access to DDL queries. #3104
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o Added the min_merge_bytes_to_use_direct_io option for MergeTree engines, which allows you to set a threshold for the
total size of the merge (when above the threshold, data part files will be handled using O_DIRECT). #3117

e The system.merges system table now contains the partition_id column. #3099
Improvements

o |f adata part remains unchanged during mutation, it isn't downloaded by replicas.#3103

o Autocomplete is available for names of settings when working with clickhouse-client . #3106
Bug fixes:

o Added a check for the sizes of arrays that are elements of Nested type fields when inserting. #3118

o Fixed an error updating external dictionaries with the ODBC source and hashed storage. This error occurred in
version 18.12.13.

o Fixed a crash when creating a temporary table from a query with an IN condition. Winter Zhang

o Fixed an error in aggregate functions for arrays that can have NULL elements. Winter Zhang

ClickHouse release 18.12.13, 2018-09-10

New features:
o Added the DECIMAL(digits, scale) data type ( Decimal32(scale) , Decimal64(scale) , Decimali28(scale) ). To enable it, use
the setting allow_experimental_decimal_type . #2846 #2970 #3008 #3047
e« New WITH ROLLUP modifier for GROUP BY (alternative syntax: GROUP BY ROLLUP(...) ). #2948

¢ Inqueries with JOIN, the star character expands to a list of columns in all tables, in compliance with the SQL
standard. You can restore the old behavior by setting asterisk_left_columns_only to 1 on the user configuration level.
Winter Zhang

o Added support for JOIN with table functions. Winter Zhang
o Autocomplete by pressing Tab in clickhouse-client. Sergey Shcherbin
o Ctrl+Cinclickhouse-client clears a query that was entered. #2877

o Added the join_default_strictness setting (values: ", 'any', 'all'). This allows you to not specify ANY or ALL for JOIN.
#2982

o Eachline of the server log related to query processing shows the query ID.#2482

« Now you can get query execution logs in clickhouse-client (use the send_logs_level setting). With distributed query
processing, logs are cascaded from all the servers. #2482

e The system.query log and system.processes ( SHOW PROCESSLIST ) tables now have information about all changed
settings when you run a query (the nested structure of the Settings data). Added the log_query_settings setting.
#2482

o The system.query_log and system.processes tables now show information about the number of threads that are
participating in query execution (see the thread_numbers column). #2482

o Added ProfileEvents counters that measure the time spent on reading and writing over the network and reading and
writing to disk, the number of network errors, and the time spent waiting when network bandwidth is limited. #2482

o Added ProfileEvents counters that contain the system metrics from rusage (you can use them to get information
about CPU usage in userspace and the kernel, page faults, and context switches), as well as taskstats metrics (use
these to obtain information about I/0 wait time, CPU wait time, and the amount of data read and recorded, both
with and without page cache). #2482

o The ProfileEvents counters are applied globally and for each query, as well as for each query execution thread, which
allows you to profile resource consumption by query in detail. #2482
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o Added the system.query_thread log table, which contains information about each query execution thread. Added the
log_query_threads setting. #2482

o The system.metrics and system.events tables now have built-in documentation. #3016
e Added the arrayEnumerateDense function. Amos Bird

¢ Added the arrayCumSumNonNegative and arrayDifference functions. Aleksey Studnev
o Added the retention aggregate function.Sundy Li

« Now you can add (merge) states of aggregate functions by using the plus operator, and multiply the states of
aggregate functions by a nonnegative constant. #3062 #3034

o Tables in the MergeTree family now have the virtual column _partition_id . #3089
Experimental features:
o Added the LowCardinality(T) data type. This data type automatically creates a local dictionary of values and allows
data processing without unpacking the dictionary. #2830
e Added a cache of JIT-compiled functions and a counter for the number of uses before compiling. To JIT compile
expressions, enable the compile_expressions setting. #2990 #3077
Improvements:
o Fixed the problem with unlimited accumulation of the replication log when there are abandoned replicas. Added an
effective recovery mode for replicas with a long lag.

o Improved performance of GROUP BY with multiple aggregation fields when one of them is string and the others are
fixed length.

¢ Improved performance when using PREWHERE and with implicit transfer of expressions in PREWHERE .
¢ Improved parsing performance for text formats (CSV, TSV ). Amos Bird #2980
¢ Improved performance of reading strings and arrays in binary formats. Amos Bird

¢ Increased performance and reduced memory consumption for queries to system.tables and system.columns when
there is a very large number of tables on a single server. #2953

o Fixed a performance problem in the case of a large stream of queries that result in an error (the _dl_addr functionis
visible in perf top , but the server isn't using much CPU). #2938

o Conditions are cast into the View (when enable_optimize_predicate_expression is enabled). Winter Zhang
o Improvements to the functionality for the UUID data type. #3074 #2985

e The UUID data typeis supported in The-Alchemist dictionaries. #2822

e The visitParamExtractRaw function works correctly with nested structures. Winter Zhang

o When the input_format_skip_unknown_fields setting is enabled, object fields in JSONEachRow format are skipped
correctly. BlahGeek

e Fora CASE expression with conditions, you can now omit ELSE , which is equivalent to ELSE NULL . #2920
o The operation timeout can now be configured when working with ZooKeeper. urykhy

¢ You can specify an offset for LIMIT n, m as LIMIT n OFFSET m . #2840

e Youcanusethe SELECT TOP n syntax as an alternative for LIMIT . #2840

¢ Increased the size of the queue to write to system tables, so the SystemLog parameter queue is full error doesn't
happen as often.

e The windowFunnel aggregate function now supports events that meet multiple conditions. Amos Bird

¢ Duplicate columns can be usedina USING clause for JOIN . #3006

Pretty formats now have a limit on column alignment by width. Use the output_format_pretty_max_column_pad_width
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setting. If a value is wider, it will still be displayed in its entirety, but the other cells in the table will not be too wide.
#3003

e The odbc table function now allows you to specify the database/schema name. Amos Bird
o Added the ability to use a username specified in the clickhouse-client config file. Viadimir Kozbin

o The ZooKeeperExceptions counter has been split into three counters: ZooKeeperUserExceptions ,
ZooKeeperHardwareExceptions , and ZooKeeperOtherExceptions .

e ALTER DELETE queries work for materialized views.

e Added randomization when running the cleanup thread periodically for ReplicatedMergeTree tables in order to avoid
periodic load spikes when there are a very large number of ReplicatedMergeTree tables.

e Support for ATTACH TABLE ... ON CLUSTER queries. #3025
Bug fixes:
o Fixed anissue with Dictionary tables (throws the Size of offsets doesn't match size of column or Unknown compression

method exception). This bug appeared in version 18.10.3. #2913

o Fixed a bug when merging CollapsingMergeTree tables if one of the data parts is empty (these parts are formed
during merge or ALTER DELETE if all data was deleted), and the vertical algorithm was used for the merge. #3049

o Fixed a race condition during DROP or TRUNCATE for Memory tables with a simultaneous SELECT , which could
lead to server crashes. This bug appeared in version 1.1.54388. #3038

o Fixed the possibility of data loss when inserting in Replicated tables if the Session is expired error is returned (data
loss can be detected by the ReplicatedDataLoss metric). This error occurred in version 1.1.54378.#2939 #2949 #2964

o Fixed a segfault during JOIN ... ON . #3000

o Fixed the error searching column names when the WHERE expression consists entirely of a qualified column name,
such as WHERE table.column . #2994

o Fixed the "Not found column" error that occurred when executing distributed queries if a single column consisting
of an IN expression with a subquery is requested from a remote server. #3087

o Fixed the Block structure mismatch in UNION stream: different number of columns error that occurred for distributed queries
if one of the shards is local and the other is not, and optimization of the move to PREWHERE is triggered. #2226
#3037 #3055 #3065 #3073 #3090 #3093

o Fixed the pointinPolygon function for certain cases of non-convex polygons. #2910
o Fixed theincorrect result when comparing nan with integers. #3024
o Fixed an errorin the zlib-ng library that could lead to segfaultin rare cases. #2854

o Fixed a memory leak when inserting into a table with AggregateFunction columns, if the state of the aggregate
function is not simple (allocates memory separately), and if a single insertion request results in multiple small blocks.
#3084

o Fixed arace condition when creating and deleting the same Buffer or MergeTree table simultaneously.

o Fixed the possibility of a segfault when comparing tuples made up of certain non-trivial types, such as tuples #2989
o Fixed the possibility of a segfault when running certain ON CLUSTER queries. Winter Zhang

o Fixed an errorin the arrayDistinct function for Nullable array elements. #2845 #2937

e The enable_optimize_predicate_expression option now correctly supports cases with SELECT * . Winter Zhang

o Fixed the segfault when re-initializing the ZooKeeper session.#2917

o Fixed potential blocking when working with ZooKeeper.

o Fixedincorrect code for adding nested data structures in a SummingMergeTree .

+ When allocating memory for states of aggregate functions, alignment is correctly taken into account, which makes
it possible to use operations that require alignment when implementing states of aggregate functions. chenxing-xc
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Security fix:

o Safe use of ODBC data sources. Interaction with ODBC drivers uses a separate clickhouse-odbc-bridge process. Errors
in third-party ODBC drivers no longer cause problems with server stability or vulnerabilities. #2828 #2879 #2886
#2893 #2921

o Fixed incorrect validation of the file path in the catBoostPool table function. #2894

¢ The contents of system tables (tables , databases , parts, columns, parts_columns, merges , mutations , replicas ,and
replication_queue ) are filtered according to the user's configured access to databases (allow_databases ). Winter
Zhang

Backward incompatible changes:

o In queries with JOIN, the star character expands to a list of columns in all tables, in compliance with the SQL
standard. You can restore the old behavior by setting asterisk_left_columns_only to 1 on the user configuration level.

Build changes:

¢ Most integration tests can now be run by commit.
o Code style checks can also be run by commit.
e The memcpy implementation is chosen correctly when building on CentOS7/Fedora. Etienne Champetier

o When using clang to build, some warnings from -Weverything have been added, in addition to the regular -Wall-
Wextra -Werror . #2957

o Debugging the build uses the jemalloc debug option.

o Theinterface of the library for interacting with ZooKeeper is declared abstract. #2950

ClickHouse release 18.10.3, 2018-08-13

New features:

e HTTPS can be used for replication. #2760

¢ Added the functions murmurHash2_64 , murmurHash3_32 , murmurHash3_64 ,and murmurHash3_ 128 in addition to the
existing murmurHash2_32 . #2791

Support for Nullable types in the ClickHouse ODBC driver (ODBCDriver2 output format). #2834

e Support for UUID in the key columns.
Improvements:

o Clusters can be removed without restarting the server when they are deleted from the config files. #2777

o External dictionaries can be removed without restarting the server when they are removed from config files. #2779
o Added SETTINGS support for the Kafka table engine. Alexander Marshalov

o Improvements for the UUID data type (not yet complete). #2618

o Support for empty parts after merges in the SummingMergeTree , CollapsingMergeTree and
VersionedCollapsingMergeTree engines. #2815

o Oldrecords of completed mutations are deleted (ALTER DELETE ). #2784

o Added the system.merge_tree_settings table. Kirill Shvakov

o The system.tables table now has dependency columns: dependencies_database and dependencies_table . Winter Zhang
o Added the max_partition_size_to_drop config option. #2782

o Added the output_format_json_escape_forward_slashes option. Alexander Bocharov
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o Added the max_fetch_partition_retries_count setting. #2831

o Added the prefer_localhost_replica setting for disabling the preference for a local replica and going to a local replica
without inter-process interaction. #2832

e The quantileExact aggregate function returns nan in the case of aggregation on an empty Float32 or Float64 set.
Sundy Li
Bug fixes:
¢« Removed unnecessary escaping of the connection string parameters for ODBC, which made it impossible to
establish a connection. This error occurred in version 18.6.0.

o Fixed thelogic for processing REPLACE PARTITION commands in the replication queue. If there are two REPLACE
commands for the same patrtition, the incorrect logic could cause one of them to remain in the replication queue and
not be executed. #2814

o Fixed a merge bug when all data parts were empty (parts that were formed from a merge or from ALTER DELETE if
all data was deleted). This bug appeared in version 18.1.0. #2930

o Fixed anerror for concurrent Set or Join . Amos Bird

o Fixed the Block structure mismatch in UNION stream: different number of columns error that occurred for UNION ALL queries
inside a sub-query if one of the SELECT queries contains duplicate column names. Winter Zhang

o Fixed a memory leak if an exception occurred when connecting to a MySQL server.
o Fixed incorrect clickhouse-client response code in case of a query error.

o Fixed incorrect behavior of materialized views containing DISTINCT. #2795
Backward incompatible changes

o Removed support for CHECK TABLE queries for Distributed tables.
Build changes:

o The allocator has been replaced: jemalloc is now used instead of tcmalloc . In some scenarios, this increases speed up
to 20%. However, there are queries that have slowed by up to 20%. Memory consumption has been reduced by
approximately 10% in some scenarios, with improved stability. With highly competitive loads, CPU usage in
userspace and in system shows just a slight increase. #2773

o Use of libressl from a submodule. #1983 #2807
o Use of unixodbc from a submodule. #2789
¢ Use of mariadb-connector-c from a submodule. #2785

« Added functional test files to the repository that depend on the availability of test data (for the time being, without
the test data itself).

ClickHouse release 18.6.0, 2018-08-02

New features:

o Added support for ON expressions for the JOIN ON syntax: JOIN ON Expr([table.Jcolumn ...) = Expr([table.Jcolumn, ...) [AND
Expr([table.]Jcolumn, ...) = Expr([table.]Jcolumn, ...) ...] The expression must be a chain of equalities joined by the AND
operator. Each side of the equality can be an arbitrary expression over the columns of one of the tables. The use of
fully qualified column names is supported ( table.name , database.table.name , table_alias.name , subquery_alias.name ) for
theright table. #2742

e HTTPS can be enabled for replication. #2760

Improvements:
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o The server passes the patch component of its version to the client. Data about the patch version componentisin
system.processes and query_log . #2646

ClickHouse release 18.5.1, 2018-07-31
New features:

¢ Added the hash function murmurHash2 32 #2756.
Improvements:

o Now you can use the from_env #2741 attribute to set values in config files from environment variables.

o Added case-insensitive versions of the coalesce, ifNull , and nulllf functions #2752.
Bug fixes:

o Fixed a possible bug when starting a replica#2759.

ClickHouse release 18.4.0, 2018-07-28
New features:

o Added system tables: formats, data_type_families , aggregate_function_combinators , table_functions , table_engines ,
collations #2721.

Added the ability to use a table function instead of a table as an argument of a remote or cluster table function #2708.

o Support for HTTP Basic authentication in the replication protocol#2727.

The has function now allows searching for a numeric value in an array of Enum values Maxim Khrisanfov.

o Support for adding arbitrary message separators when reading from Kafka Amos Bird.
Improvements:

e The ALTER TABLE t DELETE WHERE query does not rewrite data parts that were not affected by the WHERE
condition #2694.

e The use_minimalistic_checksums_in_zookeeper option for ReplicatedMergeTree tables is enabled by default. This setting
was added in version 1.1.54378, 2018-04-16. Versions that are older than 1.1.54378 can no longer be installed.

e Support for running KILL and OPTIMIZE queries that specify ON CLUSTER Winter Zhang.

Bug fixes:

Fixed the error Column ... is not under an aggregate function and not in GROUP BY for aggregation with an IN expression.
This bug appeared in version 18.1.0. (bbdd780b)

o Fixed abuginthe windowFunnel aggregate function Winter Zhang.

Fixed a bug in the anyHeavy aggregate function (a2101df2)

o Fixed server crash when using the countArray() aggregate function.
Backward incompatible changes:

o Parameters for Kafka engine was changed from Kafka(kafka_broker_list, kafka_topic_list, kafka_group_name, kafka_formatl,
kafka_schema, kafka_num_consumers]) to Kafka(kafka_broker_list, kafka_topic_list, kafka_group_name, kafka_format|,
kafka_row_delimiter, kafka_schema, kafka_num_consumers]) . If your tables use kafka_schema or kafka_num_consumers
parameters, you have to manually edit the metadata files path/metadata/database/table.sql and add kafka_row_delimiter
parameter with " value.
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ClickHouse release 18.1.0, 2018-07-23

New features:

e Support for the ALTER TABLE t DELETE WHERE query for non-replicated MergeTree tables (#2634).
o Support for arbitrary types for the unig* family of aggregate functions (#2010).
o Support for arbitrary types in comparison operators (#2026).

e The users.xml file allows setting a subnet mask in the format 10.0.0.1/255.255.255.0 . This is necessary for using masks
for IPv6 networks with zeros in the middle (#2637).

o Added the arrayDistinct function (#2670).

e The SummingMergeTree engine can now work with AggregateFunction type columns (Constantin S. Pan).
Improvements:

o Changed the numbering scheme for release versions. Now the first part contains the year of release (A.D., Moscow
timezone, minus 2000), the second part contains the number for major changes (increases for most releases), and
the third part is the patch version. Releases are still backwards compatible, unless otherwise stated in the
changelog.

o Faster conversions of floating-point numbers to a string (Amos Bird).

o If some rows were skipped during an insert due to parsing errors (this is possible with the input_allow_errors_num and
input_allow_errors_ratio settings enabled), the number of skipped rows is now written to the server log (eonardo
Cecchi).

Bug fixes:

o Fixed the TRUNCATE command for temporary tables (Amos Bird).

o Fixed arare deadlock in the ZooKeeper client library that occurred when there was a network error while reading the
response (c315200).

o Fixed an error during a CAST to Nullable types (#1322).

o Fixed the incorrect result of the maxintersection() function when the boundaries of intervals coincided (Michael
Furmur).

o Fixed incorrect transformation of the OR expression chain in a function argument (chenxing-xc).
o Fixed performance degradation for queries containing IN (subquery) expressions inside another subquery (#2571).

o Fixed incompatibility between servers with different versions in distributed queries that use a CAST function that
isn't in uppercase letters (fe8c4d6).

o Added missing quoting of identifiers for queries to an external DBMS (#2635).
Backward incompatible changes:

o Converting a string containing the number zero to DateTime does not work. Example: SELECT toDateTime('0") . This is
also the reason that DateTime DEFAULT '0' does not work in tables, as well as <null_value>0</null_value> in dictionaries.
Solution: replace 0 with 0000-00-00 00:00:00 .

ClickHouse release 1.1.54394, 2018-07-12

New features:

o Added the histogram aggregate function (Mikhail Surin).

e Now OPTIMIZE TABLE ... FINAL can be used without specifying partitions for ReplicatedMergeTree (Amos Bird).
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Bug fixes:

o Fixed a problem with a very small timeout for sockets (one second) for reading and writing when sending and
downloading replicated data, which made it impossible to download larger parts if there is a load on the network or
disk (it resulted in cyclical attempts to download parts). This error occurred in version 1.1.54388.

o Fixedissues when using chroot in ZooKeeper if you inserted duplicate data blocks in the table.
e The has function now works correctly for an array with Nullable elements (#2115).

e The system.tables table now works correctly when used in distributed queries. The metadata_modification_time and
engine_full columns are now non-virtual. Fixed an error that occurred if only these columns were queried from the
table.

o Fixed how an empty TinyLog table works after inserting an empty data block (#2563).

e The system.zookeeper table works if the value of the node in ZooKeeper is NULL.

ClickHouse release 1.1.54390, 2018-07-06

New features:
¢ Queries can be sent in multipart/form-data format (in the query field), which is useful if external data is also sent for
query processing (Olga Hvostikova).

o Added the ability to enable or disable processing single or double quotes when reading data in CSV format. You can
configure this in the format_csv_allow_single quotes and format_csv_allow_double_quotes settings (Amos Bird).

o Now OPTIMIZE TABLE ... FINAL can be used without specifying the partition for non-replicated variants of MergeTree
(Amos Bird).
Improvements:
¢ Improved performance, reduced memory consumption, and correct memory consumption tracking with use of the
IN operator when a table index could be used (#2584).

¢ Removed redundant checking of checksums when adding a data part. This is important when there are a large
number of replicas, because in these cases the total number of checks was equal to N"2.

o Added support for Array(Tuple(...)) arguments for the arrayEnumerateUniq function (#2573).
o Added Nullable support forthe runningDifference function (#2594).
o Improved query analysis performance when there is a very large number of expressions (#2572).

o Faster selection of data parts for merging in ReplicatedMergeTree tables. Faster recovery of the ZooKeeper session
(#2597).

e The format_version.ixt file for MergeTree tables is re-created if it is missing, which makes sense if ClickHouse is
launched after copying the directory structure without files (Ciprian Hacman).
Bug fixes:
¢ Fixed a bug when working with ZooKeeper that could make it impossible to recover the session and readonly states
of tables before restarting the server.

o Fixed a bug when working with ZooKeeper that could result in old nodes not being deleted if the session is
interrupted.

o Fixed an errorin the quantileTDigest function for Float arguments (this bug was introduced in version 1.1.54388)
(Mikhail Surin).

o Fixed abugintheindex for MergeTree tables if the primary key column is located inside the function for converting
types between signed and unsigned integers of the same size (#2603).

o Fixed segfaultif macros are used but they aren't in the config file (#2570).
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o Fixed switching to the default database when reconnecting the client (#2583).

o Fixed a bug that occurred when the use_index_for_in_with_subqueries setting was disabled.
Security fix:

¢ Sending files is no longer possible when connected to MySQL (LOAD DATA LOCAL INFILE ).

ClickHouse release 1.1.54388, 2018-06-28
New features:
e Support for the ALTER TABLE t DELETE WHERE query for replicated tables. Added the system.mutations table to track
progress of this type of queries.
o Support for the ALTER TABLE t [REPLACE|ATTACH] PARTITION query for *MergeTree tables.
e Support for the TRUNCATE TABLE query (Winter Zhang)

e Several new SYSTEM queries for replicated tables (RESTART REPLICAS, SYNC REPLICA , [STOP|START]
[MERGES|FETCHES|SENDS REPLICATED|REPLICATION QUEUES] ).

« Added the ability to write to a table with the MySQL engine and the corresponding table function (sundy-Ii).
o Addedthe url() table function and the URL table engine (Alexander Sapin).

o Added the windowFunnel aggregate function (sundy-Ii).

o New startsWith and endsWith functions for strings (Vadim Plakhtinsky).

e The numbers() table function now allows you to specify the offset (Winter Zhang).

e The password to clickhouse-client can be entered interactively.

¢ Server logs can now be sent to syslog (Alexander Krasheninnikov).

¢ Support for logging in dictionaries with a shared library source (Alexander Sapin).

¢ Support for custom CSV delimiters (lvan Zhukov)

o Added the date_time_input_format setting. If you switch this setting to 'best_effort', DateTime values will beread in a
wide range of formats.

o Added the clickhouse-obfuscator utility for data obfuscation. Usage example: publishing data used in performance
tests.

Experimental features:

o Added the ability to calculate and arguments only where they are needed (Anastasia Tsarkova)

¢ JIT compilation to native code is now available for some expressions (pyos).
Bug fixes:

o Duplicates nolonger appear for a query with DISTINCT and ORDER BY .

e Queries with ARRAY JOIN and arrayFilter no longer return anincorrect result.

o Fixed an error when reading an array column from a Nested structure (#2066).

o Fixed an error when analyzing queries with a HAVING clause like HAVING tuple IN (...) .

o Fixed an error when analyzing queries with recursive aliases.

¢ Fixed an error when reading from ReplacingMergeTree with a condition in PREWHERE that filters all rows (#2525).
o User profile settings were not applied when using sessions in the HTTP interface.

o Fixed how settings are applied from the command line parameters in clickhouse-local.
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o The ZooKeeper client library now uses the session timeout received from the server.
o Fixed abuginthe ZooKeeper client library when the client waited for the server response longer than the timeout.
o Fixed pruning of parts for queries with conditions on partition key columns (#2342).
o Merges are now possible after CLEAR COLUMN IN PARTITION (#2315).
« Type mapping in the ODBC table function has been fixed (sundy-Ii).
o Type comparisons have been fixed for DateTime with and without the time zone (Alexander Bocharov).
o Fixed syntactic parsing and formatting of the CAST operator.
o Fixed insertion into a materialized view for the Distributed table engine (Babacar Diassé).
o Fixed arace condition when writing data from the Kafka engine to materialized views (Yangkuan Liu).
o Fixed SSRF in the remote() table function.
o Fixed exit behavior of clickhouse-client in multiline mode (#2510).
Improvements:
o Background tasks in replicated tables are now performed in a thread pool instead of in separate threads Gilviu
Caragea).
e Improved LZ4 compression performance.
o Faster analysis for queries with a large number of JOINs and sub-queries.
e The DNS cache is now updated automatically when there are too many network errors.

o Tableinserts no longer occur if the insert into one of the materialized views is not possible because it has too many
parts.

o Corrected the discrepancy in the event counters Query, SelectQuery ,and InsertQuery .

o Expressions like tuple IN (SELECT tuple) are allowed if the tuple types match.

o Aserver with replicated tables can start even if you haven't configured ZooKeeper.

¢ When calculating the number of available CPU cores, limits on cgroups are now taken into account (Atri Sharma).

o Added chown for config directories in the systemd config file (Mikhail Shiryaev).
Build changes:

e The gcc8 compiler can be used for builds.

o Added the ability to build llvm from submodule.

o The version of the librdkafka library has been updated to v0.11.4.

o Added the ability to use the system libcpuid library. The library version has been updated to 0.4.0.
o Fixed the build using the vectorclass library (Babacar Diassé).

« Cmake now generates files for ninja by default (like when using -G Ninja ).

o Added the ability to use the libtinfo library instead of libtermcap (Georgy Kondratiev).

 Fixed a header file conflict in Fedora Rawhide (#2520).

Backward incompatible changes:

¢ Removed escapingin Vertical and Pretty* formats and deleted the VerticalRaw format.

o If servers with version 1.1.54388 (or newer) and servers with an older version are used simultaneously in a
distributed query and the query has the cast(x, 'Type') expression without the AS keyword and doesn't have the
word cast inuppercase, an exception will be thrown with a message like Not found column cast(0, 'UInt8') in block .
Solution: Update the server on the entire cluster.
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ClickHouse release 1.1.54385, 2018-06-01

Bug fixes:

o Fixed an error that in some cases caused ZooKeeper operations to block.

ClickHouse release 1.1.54383, 2018-05-22

Bug fixes:

o Fixed a slowdown of replication queue if a table has many replicas.

ClickHouse release 1.1.54381, 2018-05-14

Bug fixes:

o Fixed a nodes leak in ZooKeeper when ClickHouse loses connection to ZooKeeper server.

ClickHouse release 1.1.54380, 2018-04-21

New features:

o Added the table function file(path, format, structure) . An example reading bytes from /dev/urandom : In -s /dev/urandom
/var/lib/clickhouse/user_files/random’ clickhouse-client -q "SELECT * FROM file('random’, 'RowBinary', 'd UInt8') LIMIT 10" .

Improvements:

e Subqueries can be wrapped in () brackets to enhance query readability. For example: (SELECT 1) UNION ALL
(SELECT 1).

e Simple SELECT queries from the system.processes table are not included in the max_concurrent_queries limit.
Bug fixes:

o Fixed incorrect behavior of the IN operator when select from MATERIALIZED VIEW .

o Fixed incorrect filtering by partition index in expressions like partition_key_column IN (...) .

o Fixed inability to execute OPTIMIZE query on non-leader replica if REANAME was performed on the table.

¢ Fixed the authorization error when executing OPTIMIZE or ALTER queries on a non-leader replica.

o Fixed freezing of KILL QUERY .

o Fixed an error in ZooKeeper client library which led to loss of watches, freezing of distributed DDL queue, and
slowdowns in the replication queue if a non-empty chroot prefix is used in the ZooKeeper configuration.

Backward incompatible changes:

e Removed support for expressions like (a, b) IN (SELECT (a, b)) (you can use the equivalent expression (a, b) IN
(SELECT a, b) ). In previous releases, these expressions led to undetermined WHERE filtering or caused errors.

ClickHouse release 1.1.54378, 2018-04-16

New features:

o Logging level can be changed without restarting the server.
e Added the SHOW CREATE DATABASE query.

e The query_id can be passed to clickhouse-client (elBroom).



New setting: max_network_bandwidth_for_all_users .
Added support for ALTER TABLE ... PARTITION ... for MATERIALIZED VIEW .
Added information about the size of data parts in uncompressed form in the system table.

Server-to-server encryption support for distributed tables ( <secure>1</secure> in the replica configin

<remote_servers> ).

Configuration of the table level for the ReplicatedMergeTree family in order to minimize the amount of data stored in

Zookeeper: : use_minimalistic_checksums_in_zookeeper = 1

Configuration of the clickhouse-client prompt. By default, server names are now output to the prompt. The server's
display name can be changed. It's also sent in the X-ClickHouse-Display-Name HTTP header (Kirill Shvakov).

Multiple comma-separated topics can be specified for the Kafka engine (Tobias Adamson)

When a query is stopped by KILL QUERY or replace_running_query , the client receives the Query was cancelled
exception instead of an incomplete result.

Improvements:

ALTER TABLE ... DROP/DETACH PARTITION queries are run at the front of the replication queue.
SELECT ... FINAL and OPTIMIZE ... FINAL can be used even when the table has a single data part.
A query log tableis recreated on the fly if it was deleted manually (Kirill Shvakov).

The lengthUTF8 function runs faster (zhang2014).

Improved performance of synchronous inserts in Distributed tables ( insert_distributed_sync = 1 ) when there is a very
large number of shards.

The server accepts the send_timeout and receive_timeout settings from the client and applies them when connecting
to the client (they are applied in reverse order: the server socket's send_timeout is set to the receive_timeout value
received from the client, and vice versa).

More robust crash recovery for asynchronous insertion into Distributed tables.

The return type of the countEqual function changed from UInt32 to Uinte4 (i%).

Bug fixes:

Fixed an error with IN when the left side of the expression is Nullable .

Correct results are now returned when using tuples with IN when some of the tuple components are in the table
index.

The max_execution_time limit now works correctly with distributed queries.

Fixed errors when calculating the size of composite columns in the system.columns table.
Fixed an error when creating a temporary table CREATE TEMPORARY TABLE IF NOT EXISTS.
Fixed errorsin StorageKafka (##2075)

Fixed server crashes from invalid arguments of certain aggregate functions.

Fixed the error that prevented the DETACH DATABASE query from stopping background tasks for
ReplicatedMergeTree tables.

Too many parts stateis less likely to happen when inserting into aggregated materialized views (##2084).

Corrected recursive handling of substitutions in the config if a substitution must be followed by another
substitution on the same level.

Corrected the syntax in the metadata file when creating a VIEW that uses a query with UNION ALL .
SummingMergeTree how works correctly for summation of nested data structures with a composite key.

Fixed the possibility of a race condition when choosing the leader for ReplicatedMergeTree tables.



Build changes:

o The build supports ninja instead of make and uses ninja by default for building releases.

« Renamed packages: clickhouse-server-base in clickhouse-common-static ; clickhouse-server-common in clickhouse-server ;
clickhouse-common-dbg in clickhouse-common-static-dbg . To install, use clickhouse-server clickhouse-client . Packages with
the old names will still load in the repositories for backward compatibility.

Backward incompatible changes:

e Removed the special interpretation of an IN expression if an array is specified on the left side. Previously, the
expression arr IN (set) was interpreted as "at least one arr element belongs to the set ". To get the same behavior in
the new version, write arrayExists(x -> x IN (set), arr) .

o Disabled the incorrect use of the socket option SO_REUSEPORT , which was incorrectly enabled by defaultin the
Poco library. Note that on Linux there is no longer any reason to simultaneously specify the addresses :: and 0.0.0.0
for listen — usejust ::, which allows listening to the connection both over IPv4 and IPv6 (with the default kernel
config settings). You can also revert to the behavior from previous versions by specifying

<listen_reuse_port>1</listen_reuse_port> in the config.

ClickHouse release 1.1.54370, 2018-03-16

New features:

o Added the system.macros table and auto updating of macros when the config file is changed.
e Added the SYSTEM RELOAD CONFIG query.

o Added the maxIntersections(left_col, right_col) aggregate function, which returns the maximum number of
simultaneously intersecting intervals [left; right] . The maxIntersectionsPosition(left, right) function returns the beginning
of the "maximum" interval. (Michael Furmur).

Improvements:
¢ Wheninserting datain a Replicated table, fewer requests are made to ZooKeeper (and most of the user-level errors
have disappeared from the ZooKeeper log).
o Added the ability to create aliases for data sets. Example: WITH (1, 2, 3) AS set SELECT number IN set FROM
system.numbers LIMIT 10 .

Bug fixes:

o Fixed the lllegal PREWHERE error when reading from Merge tables for Distributed tables.
o Added fixes that allow you to start clickhouse-server in IPv4-only Docker containers.
o Fixed a race condition when reading from system system.parts_columns tables.

e Removed double buffering during a synchronous insert to a Distributed table, which could have caused the
connection to timeout.

o Fixed a bug that caused excessively long waits for an unavailable replica before beginning a SELECT query.
o Fixed incorrect dates in the system.parts table.

o Fixed a bug that made it impossible to insert data in a Replicated table if chroot was non-empty in the configuration
of the ZooKeeper cluster.

o Fixed the vertical merging algorithm for an empty ORDER BY table.

o Restored the ability to use dictionaries in queries to remote tables, even if these dictionaries are not present on the
requestor server. This functionality was lost in release 1.1.54362.

e Restored the behavior for queries like SELECT * FROM remote('server2', default.table) WHERE col IN (SELECT col2 FROM


https://github.com/yandex/ClickHouse/pull/2012

default.table) when the right side of the IN should use a remote defauli.table instead of a local one. This behavior was
broken in version 1.1.54358.

e Removed extraneous error-level logging of Not found column ... in block .

Clickhouse Release 1.1.54362, 2018-03-11

New features:

o Aggregation without GROUP BY for an empty set (such as SELECT count(*) FROM table WHERE 0 ) now returns a result
with one row with null values for aggregate functions, in compliance with the SQL standard. To restore the old
behavior (return an empty result), set empty result_for_aggregation_by empty set to 1.

e Added type conversion for UNION ALL . Different alias names are allowed in SELECT positionsin UNION ALL ,in
compliance with the SQL standard.

o Arbitrary expressions are supported in LIMIT BY clauses. Previously, it was only possible to use columns resulting
from SELECT.

e Anindex of MergeTree tablesis used when IN is applied to a tuple of expressions from the columns of the primary
key. Example: WHERE (UserlD, EventDate) IN ((123, '2000-01-01"), ...) (Anastasiya Tsarkova).

o Added the clickhouse-copier tool for copying between clusters and resharding data (beta).

o Added consistent hashing functions: yandexConsistentHash , jumpConsistentHash , sumburConsistentHash . They can be
used as a sharding key in order to reduce the amount of network traffic during subsequent reshardings.

e Added functions: arrayAny, arrayAll, hasAny, hasAll, arraylntersect, arrayResize .
o Added the arrayCumSum function (Javi Santana).

¢ Added the parseDateTimeBestEffort, parseDateTimeBestEffortOrZero , and parseDateTimeBestEffortOrNull functions to read
the DateTime from a string containing text in a wide variety of possible formats.

o Data can be partially reloaded from external dictionaries during updating (load just the records in which the value of
the specified field greater than in the previous download) (Arsen Hakobyan).

o Added the cluster table function. Example: cluster(cluster_name, db, table) . The remote table function can accept the
cluster name as the first argument, if it is specified as an identifier.

e The remote and cluster table functions can be used in INSERT queries.

o Added the create_table _query and engine_full virtual columns to the system.tables table . The metadata_modification_time
columniis virtual.

e Added the data_path and metadata_path columns to system.tables and system.databases tables, and added the path
column to the system.parts and system.parts_columns tables.

o Added additional information about merges in the system.part_log table.
o Anarbitrary partitioning key can be used for the system.query_log table (Kirill Shvakov).

¢ The SHOW TABLES query now also shows temporary tables. Added temporary tables and the is_temporary column
to system.tables (zhang2014).

e Added DROP TEMPORARY TABLE and EXISTS TEMPORARY TABLE queries (zhang2014).

e Support for SHOW CREATE TABLE for temporary tables (zhang2014).

o Added the system_profile configuration parameter for the settings used by internal processes.
e Support for loading object_id as an attribute in MongoDB dictionaries (Pavel Litvinenko).

¢ Reading null as the default value when loading data for an external dictionary with the MongoDB source (Pavel
Litvinenko).

e Reading DateTime valuesinthe Values format from a Unix timestamp without single quotes.

o Failoveris supportedin remote table functions for cases when some of the replicas are missing the requested table.



o Configuration settings can be overridden in the command line when you run clickhouse-server . Example: clickhouse-

server -- --logger.level=information .

o Implemented the empty function froma FixedString argument: the function returns 1 if the string consists entirely
of null bytes (zhang2014).

o Added the listen_try configuration parameter for listening to at least one of the listen addresses without quitting, if
some of the addresses can't be listened to (useful for systems with disabled support for IPv4 or IPvé).

o Added the VersionedCollapsingMergeTree table engine.

o Support for rows and arbitrary numeric types for the library dictionary source.

e MergeTree tables can be used without a primary key (you need to specify ORDER BY tuple() ).
e A Nullable type canbe CAST toanon-Nullable type if the argumentis not NULL .

¢ RENAME TABLE can be performed for VIEW .

o Added the throwlf function.

o Added the odbc_default_field_size option, which allows you to extend the maximum size of the value loaded from an
ODBC source (by default, it is 1024).

e The system.processes table and SHOW PROCESSLIST now have the is_cancelled and peak_memory_usage columns.
Improvements:

o Limits and quotas on the result are no longer applied to intermediate data for INSERT SELECT queries or for

SELECT subqueries.

o Fewer false triggers of force_restore_data when checking the status of Replicated tables when the server starts.

o Added the allow_distributed_ddl option.

o Nondeterministic functions are not allowed in expressions for MergeTree table keys.

o Files with substitutions from config.d directories are loaded in alphabetical order.

o Improved performance of the arrayElement function in the case of a constant multidimensional array with an empty
array as one of the elements. Example: [[1], []I[X] .

o The server starts faster now when using configuration files with very large substitutions (for instance, very large lists
of IP networks).

o When running a query, table valued functions run once. Previously, remote and mysgl table valued functions
performed the same query twice to retrieve the table structure from a remote server.

¢ The MkDocs documentation generator is used.

o When you try to delete a table column that DEFAULT / MATERIALIZED expressions of other columns depend on, an
exception is thrown (zhang2014).

o Added the ability to parse an empty line in text formats as the number O for Float data types. This feature was
previously available but was lost in release 1.1.54342.

e Enum values can be usedin min, max, sum and some other functions. In these cases, it uses the corresponding
numeric values. This feature was previously available but was lost in the release 1.1.54337.

e Added max_expanded_ast_elements to restrict the size of the AST after recursively expanding aliases.
Bug fixes:

o Fixed cases when unnecessary columns were removed from subqueries in error, or not removed from subqueries
containing UNION ALL .

o Fixed a bugin merges for ReplacingMergeTree tables.

o Fixed synchronous insertions in Distributed tables ( insert_distributed_sync = 1 ).



o Fixed segfault for certain uses of FULL and RIGHT JOIN with duplicate columns in subqueries.
o Fixed segfault for certain uses of replace_running_query and KILL QUERY .

o Fixed the order of the source and last_exception columns in the system.dictionaries table.

o Fixed a bug when the DROP DATABASE query did not delete the file with metadata.

o Fixed the DROP DATABASE query for Dictionary databases.

o Fixed the low precision of unigHLL12 and unigCombined functions for cardinalities greater than 100 million items
(Alex Bocharov).

o Fixed the calculation of implicit default values when necessary to simultaneously calculate default explicit
expressionsin INSERT queries (zhang2014).

o Fixed arare case when a query to a MergeTree table couldn't finish (chenxing-xc).

o Fixed a crash that occurred when running a CHECK query for Distributed tables if all shards are local (chenxing.xc).
o Fixed a slight performance regression with functions that use regular expressions.

o Fixed a performance regression when creating multidimensional arrays from complex expressions.

o Fixed a bug that could cause an extra FORMAT section to appear inan .sqgl file with metadata.

o Fixed a bug that caused the max_table_size_to_drop limit to apply when trying to delete a MATERIALIZED VIEW
looking at an explicitly specified table.

o Fixed incompatibility with old clients (old clients were sometimes sent data with the DateTime('timezone') type, which
they do not understand).

o Fixed a bug when reading Nested column elements of structures that were added using ALTER but that are empty
for the old partitions, when the conditions for these columns moved to PREWHERE .

o Fixed a bug when filtering tables by virtual _table columnsin queries to Merge tables.
o Fixed a bugwhen using ALIAS columns in Distributed tables.

o Fixed a bug that made dynamic compilation impossible for queries with aggregate functions from the quantile
family.

¢ Fixed arace condition in the query execution pipeline that occurred in very rare cases when using Merge tables with
a large number of tables, and when using GLOBAL subqueries.

o Fixed a crash when passing arrays of different sizes to an arrayReduce function when using aggregate functions
from multiple arguments.

o Prohibited the use of queries with UNION ALL ina MATERIALIZED VIEW .
o Fixed an error during initialization of the part_log system table when the server starts (by default, part_log is
disabled).

Backward incompatible changes:

e Removed the distributed_ddl_allow_replicated alter option. This behavior is enabled by default.

e« Removed the strict_insert_defaults setting. If you were using this functionality, write to clickhouse-feedback@yandex-

team.com.

¢ Removed the UnsortedMergeTree engine.

Clickhouse Release 1.1.54343, 2018-02-05
o Added macros support for defining cluster names in distributed DDL queries and constructors of Distributed
tables: CREATE TABLE distr ON CLUSTER '{cluster}' (...) ENGINE = Distributed('{cluster}’, 'db', 'table’) .
o Now queries like SELECT ... FROM table WHERE expr IN (subquery) are processed using the table index.

o Improved processing of duplicates when inserting to Replicated tables, so they no longer slow down execution of



the replication queue.

Clickhouse Release 1.1.54342, 2018-01-22

This release contains bug fixes for the previous release 1.1.54337:
o Fixed aregressionin 1.1.54337: if the default user has readonly access, then the server refuses to start up with the
message Cannot create database in readonly mode .

o Fixed aregressionin 1.1.54337: on systems with systemd, logs are always written to syslog regardless of the
configuration; the watchdog script still uses init.d.

o Fixed aregressionin 1.1.54337: wrong default configuration in the Docker image.

o Fixed nondeterministic behavior of GraphiteMergeTree (you can see it in log messages Data after merge is not byte-

identical to the data on another replicas ).

o Fixed a bug that may lead to inconsistent merges after OPTIMIZE query to Replicated tables (you may seeit in log

messages Part ... intersects the previous part ).
o Buffer tables now work correctly when MATERIALIZED columns are present in the destination table (by zhang2014).

o Fixed a buginimplementation of NULL.

Clickhouse Release 1.1.54337, 2018-01-18

New features:

o Added support for storage of multi-dimensional arrays and tuples ( Tuple data type)in tables.

o Support for table functions for DESCRIBE and INSERT queries. Added support for subqueries in DESCRIBE .
Examples: DESC TABLE remote(‘host', default.hits) ; DESC TABLE (SELECT 1) ; INSERT INTO TABLE FUNCTION remote('host',
default.hits) . Support for INSERT INTO TABLE in addition to INSERT INTO .

o Improved support for time zones. The DateTime data type can be annotated with the timezone that is used for
parsing and formatting in text formats. Example: DateTime('Europe/Moscow') . When timezones are specified in
functions for DateTime arguments, the return type will track the timezone, and the value will be displayed as
expected.

o Added the functions toTimeZone , timeDiff, toQuarter , toRelativeQuarterNum . The toRelativeHour / Minute / Second
functions can take a value of type Date asanargument. The now function name is case-sensitive.

o Added the toStartOfFifteenMinutes function (Kirill Shvakov).
o Added the clickhouse format tool for formatting queries.

o Added the format_schema_path configuration parameter (Marek Vavrusa). It is used for specifying a schemain Cap'n
Proto format. Schema files can be located only in the specified directory.

o Added support for config substitutions (incl and conf.d ) for configuration of external dictionaries and models (Pavel
Yakunin).

¢ Added a column with documentation for the system.settings table (Kirill Shvakov).
o Added the system.parts_columns table with information about column sizes in each data part of MergeTree tables.
o Added the system.models table with information about loaded CatBoost machine learning models.

e Added the mysqgl and odbc table function and corresponding MySQL and ODBC table engines for accessing
remote databases. This functionality is in the beta stage.

o Added the possibility to pass an argument of type AggregateFunction for the groupArray aggregate function (so you
can create an array of states of some aggregate function).

e Removed restrictions on various combinations of aggregate function combinators. For example, you can use



avgForEachlf as well as avglfForEach aggregate functions, which have different behaviors.

o The -ForEach aggregate function combinator is extended for the case of aggregate functions of multiple
arguments.

o Added support for aggregate functions of Nullable arguments even for cases when the function returns a
non- Nullable result (added with the contribution of Silviu Caragea). Example: groupArray , groupUnigArray , topK .

¢ Added the max_client_network_bandwidth for clickhouse-client (Kirill Shvakov).

o Users with the readonly = 2 setting are allowed to work with TEMPORARY tables (CREATE, DROP, INSERT...) (Kirill
Shvakov).

o Added support for using multiple consumers with the Kafka engine. Extended configuration options for Kafka
(Marek Vavrusa).

o Added the intExp3 and intExp4 functions.

e Added the sumKahan aggregate function.

o Added the to * Number OrNull functions, where * Numberis a numeric type.

o Added support for WITH clauses foran INSERT SELECT query (author: zhang2014).

o Added settings: http_connection_timeout, http_send_timeout, http_receive_timeout . In particular, these settings are used
for downloading data parts for replication. Changing these settings allows for faster failover if the network is
overloaded.

o Added support for ALTER for tables of type Null (Anastasiya Tsarkova).

o The reinterpretAsString function is extended for all data types that are stored contiguously in memory.

o Added the --silent option for the clickhouse-local tool. It suppresses printing query execution info in stderr.

o Added support for reading values of type Date from textin a format where the month and/or day of the month is
specified using a single digit instead of two digits (Amos Bird).

Performance optimizations:

o Improved performance of aggregate functions min, max, any, anylLast, anyHeavy, argMin, argMax from string
arguments.

o Improved performance of the functions isInfinite , isFinite , isNaN , roundToExp2 .

o Improved performance of parsing and formatting Date and DateTime type valuesin text format.

¢ Improved performance and precision of parsing floating point numbers.

o Lowered memory usage for JOIN in the case when the left and right parts have columns with identical names that
are not contained in USING .

¢ Improved performance of aggregate functions varSamp, varPop, stddevSamp , stddevPop, covarSamp, covarPop,
corr by reducing computational stability. The old functions are available under the names varSampStable ,
varPopStable , stddevSampStable, stddevPopStable , covarSampStable , covarPopStable , corrStable .

Bug fixes:
o Fixed data deduplication after running a DROP or DETACH PARTITION query. In the previous version, dropping a

partition and inserting the same data again was not working because inserted blocks were considered duplicates.

o Fixed a bug that could lead to incorrect interpretation of the WHERE clause for CREATE MATERIALIZED VIEW
queries with POPULATE .

o Fixed a bugin using the root_path parameter in the zookeeper_servers configuration.
o Fixed unexpected results of passing the Date argument to toStartOfDay .

¢ Fixed the addMonths and subtractMonths functions and the arithmetic for INTERVAL n MONTH in cases when the
result has the previous year.



o Added missing support for the UUID data type for DISTINCT , JOIN , and uniq aggregate functions and external
dictionaries (Evgeniy lvanov). Support for UUID is stillincomplete.

o Fixed SummingMergeTree behavior in cases when the rows summed to zero.
o Various fixes for the Kafka engine (Marek Vavrusa).

¢ Fixed incorrect behavior of the Join table engine (Amos Bird).

o Fixedincorrect allocator behavior under FreeBSD and OS X.

e The extractAll function now supports empty matches.

o Fixed an error that blocked usage of libressl| instead of openssl .

o Fixed the CREATE TABLE AS SELECT query from temporary tables.

o Fixed non-atomicity of updating the replication queue. This could lead to replicas being out of sync until the server
restarts.

o Fixed possible overflowin ged , lem and modulo ( % operator) (Maks Skorokhod).

o -preprocessed files are now created after changing umask (umask can be changed in the config).

o Fixed a buginthe background check of parts (MergeTreePartChecker ) when using a custom partition key.
o Fixed parsing of tuples (values of the Tuple data type) in text formats.

o Improved error messages about incompatible types passed to muliilf , array and some other functions.

o Redesigned support for Nullable types. Fixed bugs that may lead to a server crash. Fixed almost all other bugs
related to NULL support: incorrect type conversions in INSERT SELECT, insufficient support for Nullable in HAVING
and PREWHERE, join_use_nulls mode, Nullable types as arguments of OR operator, etc.

o Fixed various bugs related to internal semantics of data types. Examples: unnecessary summing of Enum type
fields in SummingMergeTree ; alignment of Enum typesin Pretty formats, etc.

o Stricter checks for allowed combinations of composite columns.
o Fixed the overflow when specifying a very large parameter for the FixedString data type.
o Fixed abuginthe topK aggregate function in a generic case.

o Added the missing check for equality of array sizes in arguments of n-ary variants of aggregate functions with an -
Array combinator.

o Fixed abugin --pager for clickhouse-client (author: ks1322).

o Fixed the precision of the exp10 function.

o Fixed the behavior of the visitParamExtract function for better compliance with documentation.
o Fixed the crash when incorrect data types are specified.

o Fixed the behavior of DISTINCT in the case when all columns are constants.

o Fixed query formatting in the case of using the tupleElement function with a complex constant expression as the
tuple element index.

o Fixed abugin Dictionary tables for range_hashed dictionaries.
o Fixed a bug that leads to excessive rows in the result of FULL and RIGHT JOIN (Amos Bird).
o Fixed a server crash when creating and removing temporary files in config.d directories during config reload.

o Fixed the SYSTEM DROP DNS CACHE query: the cache was flushed but addresses of cluster nodes were not
updated.

o Fixed the behavior of MATERIALIZED VIEW after executing DETACH TABLE for the table under the view (Marek
Vavrusa).

Build improvements:



o The pbuilder toolis used for builds. The build process is almost completely independent of the build host
environment.

o Asingle build is used for different OS versions. Packages and binaries have been made compatible with a wide
range of Linux systems.

o Added the clicknouse-test package. It can be used to run functional tests.

e The source tarball can now be published to the repository. It can be used to reproduce the build without using
GitHub.

o Added limited integration with Travis Cl. Due to limits on build time in Travis, only the debug build is tested and a
limited subset of tests are run.

o Added support for Cap'n'Proto in the default build.
o Changed the format of documentation sources from Restricted Text to Markdown .

o Added support for systemd (Vladimir Smirnov). It is disabled by default due to incompatibility with some OS images
and can be enabled manually.

e For dynamic code generation, clang and Ild are embedded into the clickhouse binary. They can also be invoked as
clickhouse clang and clickhouse lid .

o Removed usage of GNU extensions from the code. Enabled the -Wexira option. When building with clang the
defaultis libc++ instead of libstdc++ .

o Extracted clickhouse_parsers and clickhouse_common_io libraries to speed up builds of various tools.
Backward incompatible changes:

o The format for marks in Log type tables that contain Nullable columns was changed in a backward incompatible
way. If you have these tables, you should convert them to the TinyLog type before starting up the new server
version. To do this, replace ENGINE = Log with ENGINE = TinyLog in the corresponding .sql file in the metadata
directory. If your table doesn't have Nullable columns or if the type of your table is not Log, then you don't need to
do anything.

e Removed the experimental_allow_extended_storage definition_syntax setting. Now this feature is enabled by default.
e The runningincome function was renamed to runningDifferenceStartingWithFirstvalue to avoid confusion.

¢ Removed the FROM ARRAY JOIN arr syntax when ARRAY JOIN is specified directly after FROM with no table (Amos
Bird).

e Removed the BlockTabSeparated format that was used solely for demonstration purposes.

o Changed the state format for aggregate functions varSamp , varPop, stddevSamp , stddevPop, covarSamp, covarPop,
corr . If you have stored states of these aggregate functions in tables (using the AggregateFunction data type or
materialized views with corresponding states), please write to clickhouse-feedback@yandex-team.com.

¢ In previous server versions there was an undocumented feature: if an aggregate function depends on parameters,
you can still specify it without parameters in the AggregateFunction data type. Example: AggregateFunction(quantiles,
Ulnte4) instead of AggregateFunction(quantiles(0.5, 0.9), UInt64) . This feature was lost. Although it was undocumented,
we plan to support it again in future releases.

o Enum data types cannot be used in min/max aggregate functions. This ability will be returned in the next release.
Please note when upgrading:

+ When doing a rolling update on a cluster, at the point when some of the replicas are running the old version of
ClickHouse and some are running the new version, replication is temporarily stopped and the message unknown
parameter 'shard' appears in the log. Replication will continue after all replicas of the cluster are updated.

o |f different versions of ClickHouse are running on the cluster servers, it is possible that distributed queries using the
following functions will have incorrect results: varSamp, varPop, stddevSamp , stddevPop, covarSamp, covarPop, corr.
You should update all cluster nodes.



ClickHouse release 1.1.54327, 2017-12-21

This release contains bug fixes for the previous release 1.1.54318:

o Fixed bug with possible race condition in replication that could lead to data loss. This issue affects versions
1.1.54310 and 1.1.54318. If you use one of these versions with Replicated tables, the update is strongly
recommended. This issue shows in logs in Warning messages like Part ... from own log doesn't exist. The issue is
relevant even if you don't see these messages in logs.

ClickHouse release 1.1.54318, 2017-11-30

This release contains bug fixes for the previous release 1.1.54310:

o Fixed incorrect row deletions during merges in the SummingMergeTree engine
o Fixed a memory leak in unreplicated MergeTree engines

o Fixed performance degradation with frequent inserts in MergeTree engines

o Fixed anissue that was causing the replication queue to stop running

o Fixed rotation and archiving of server logs

ClickHouse release 1.1.54310, 2017-11-01

New features:

o Custom partitioning key for the MergeTree family of table engines.

o Kafka table engine.

o Added support for loading CatBoost models and applying them to data stored in ClickHouse.
o Added support for time zones with non-integer offsets from UTC.

o Added support for arithmetic operations with time intervals.

e Therange of values for the Date and DateTime types is extended to the year 2105.

o Addedthe CREATE MATERIALIZED VIEW x TO y query (specifies an existing table for storing the data of a
materialized view).

o Added the ATTACH TABLE query without arguments.

e The processing logic for Nested columns with names ending in -Map in a SummingMergeTree table was extracted
to the sumMap aggregate function. You can now specify such columns explicitly.

e Max size of the IP trie dictionary is increased to 128M entries.
o Added the getSizeOfEnumType function.

o Added the sumWithOverflow aggregate function.

o Added support for the Cap'n Proto input format.

¢ You can now customize compression level when using the zstd algorithm.
Backward incompatible changes:

o Creation of temporary tables with an engine other than Memory is not allowed.
o Explicit creation of tables with the View or MaterializedView engine is not allowed.

o During table creation, a new check verifies that the sampling key expression is included in the primary key.

Bug fixes:
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o Fixed hangups when synchronously inserting into a Distributed table.
¢ Fixed nonatomic adding and removing of parts in Replicated tables.
o Datainserted into a materialized view is not subjected to unnecessary deduplication.

o Executing a query to a Distributed table for which the local replica is lagging and remote replicas are unavailable
does not result in an error anymore.

o Users don't need access permissions to the default database to create temporary tables anymore.
¢ Fixed crashing when specifying the Array type without arguments.
o Fixed hangups when the disk volume containing server logs is full.

o Fixed an overflow in the toRelativeWeekNum function for the first week of the Unix epoch.
Build improvements:

o Several third-party libraries (notably Poco) were updated and converted to git submodules.

ClickHouse release 1.1.54304, 2017-10-19

New features:
e TLS support in the native protocol (to enable, set tcp_ssl_port in config.xml ).
Bug fixes:

e ALTER for replicated tables now tries to start running as soon as possible.

o Fixed crashing when reading data with the setting preferred_block_size bytes=0.

o Fixed crashes of clickhouse-client when pressing Page Down

o Correctinterpretation of certain complex queries with GLOBAL IN and UNION ALL
o FREEZE PARTITION always works atomically now.

e Empty POST requests now return a response with code 411.

o Fixed interpretation errors for expressions like CAST(1 AS Nullable(UInt8)).

o Fixed an error when reading Array(Nullable(String)) columns from MergeTree tables.
o Fixed crashing when parsing queries like SELECT dummy AS dummy, dummy AS b

o Users are updated correctly with invalid users.xml

o Correct handling when an executable dictionary returns a non-zero response code.

ClickHouse release 1.1.54292, 2017-09-20

New features:

e Added the pointinPolygon function for working with coordinates on a coordinate plane.
e Added the sumMap aggregate function for calculating the sum of arrays, similar to SummingMergeTree .

o Added the trunc function. Improved performance of the rounding functions (round , floor, ceil, roundToExp2)and
corrected the logic of how they work. Changed the logic of the roundToExp2 function for fractions and negative
numbers.

o The ClickHouse executable file is now less dependent on the libc version. The same ClickHouse executable file can
run on a wide variety of Linux systems. There is still a dependency when using compiled queries (with the setting
compile = 1 , which is not used by default).

e Reduced the time needed for dynamic compilation of queries.



Bug fixes:

o Fixed an error that sometimes produced part ... intersects previous part messages and weakened replica consistency.
o Fixed an error that caused the server to lock up if ZooKeeper was unavailable during shutdown.

o« Removed excessive logging when restoring replicas.

o Fixed an error in the UNION ALL implementation.

o Fixed an error in the concat function that occurred if the first column in a block has the Array type.

o Progressis now displayed correctly in the system.merges table.

ClickHouse release 1.1.54289, 2017-09-13

New features:
e SYSTEM queries for server administration: SYSTEM RELOAD DICTIONARY , SYSTEM RELOAD DICTIONARIES,
SYSTEM DROP DNS CACHE , SYSTEM SHUTDOWN , SYSTEM KILL .

o Added functions for working with arrays: concat, arraySlice , arrayPushBack , arrayPushFront, arrayPopBack ,
arrayPopFront ..

o Added root and identity parameters for the ZooKeeper configuration. This allows you to isolate individual users on
the same ZooKeeper cluster.

o Added aggregate functions groupBitAnd , groupBitOr ,and groupBitXor (for compatibility, they are also available under
the names BIT_AND, BIT_OR,and BIT _XOR).

o External dictionaries can be loaded from MySQL by specifying a socket in the filesystem.

o External dictionaries can be loaded from MySQL over SSL ( ssl_cert, ssl_key, ssl_ca parameters).

o Added the max_network_bandwidth_for_user setting to restrict the overall bandwidth use for queries per user.

o Support for DROP TABLE for temporary tables.

e Support for reading DateTime values in Unix timestamp format from the CSV and JSONEachRow formats.

o Lagging replicas in distributed queries are now excluded by default (the default threshold is 5 minutes).

e FIFO lockingis used during ALTER: an ALTER query isn't blocked indefinitely for continuously running queries.

e Option to set umask in the config file.

o Improved performance for queries with DISTINCT .

Bug fixes:

¢ Improved the process for deleting old nodes in ZooKeeper. Previously, old nodes sometimes didn't get deleted if
there were very frequent inserts, which caused the server to be slow to shut down, among other things.

o Fixed randomization when choosing hosts for the connection to ZooKeeper.

o Fixed the exclusion of lagging replicas in distributed queries if the replica is localhost.

o Fixed an error where a data part in a ReplicatedMergeTree table could be broken after running ALTER MODIFY on an
elementina Nested structure.

o Fixed an error that could cause SELECT queries to "hang".

¢ Improvements to distributed DDL queries.

o Fixed the query CREATE TABLE ... AS <materialized view> .

o Resolved the deadlockin the ALTER ... CLEAR COLUMN IN PARTITION query for Buffer tables.

o Fixed theinvalid default value for Enum s (0 instead of the minimum) when using the JSONEachRow and TSKV
formats.



¢ Resolved the appearance of zombie processes when using a dictionary with an executable source.

o Fixed segfault for the HEAD query.
Improved workflow for developing and assembling ClickHouse:

e You can use pbuilder to build ClickHouse.
e You canuse libc++ instead of libstdc++ for builds on Linux.

o Added instructions for using static code analysis tools: Coverage , clang-tidy , cppcheck .
Please note when upgrading:

e Thereis now a higher default value for the MergeTree setting max_bytes _to_merge_at_max_space_in_pool (the
maximum total size of data parts to merge, in bytes): it has increased from 100 GiB to 150 GiB. This might resultin
large merges running after the server upgrade, which could cause an increased load on the disk subsystem. If the
free space available on the server is less than twice the total amount of the merges that are running, this will cause
all other merges to stop running, including merges of small data parts. As a result, INSERT queries will fail with the
message "Merges are processing significantly slower than inserts." Use the SELECT * FROM system.merges query to
monitor the situation. You can also check the DiskSpaceReservedForMerge metric in the system.metrics table, orin
Graphite. You don't need to do anything to fix this, since the issue will resolve itself once the large merges finish. If
you find this unacceptable, you can restore the previous value for the max_bytes to_merge_at_max_space_in_pool
setting. To do this, go to the section in config.xml, set
<merge_tree>""<max_bytes_to_merge_at_max_space_in_pool>107374182400</max_bytes_to_merge_at_max_space_in_pool>

and restart the server.

ClickHouse release 1.1.54284, 2017-08-29

o Thisis a bugfix release for the previous 1.1.54282 release. It fixes leaks in the parts directory in ZooKeeper.

ClickHouse release 1.1.54282, 2017-08-23

This release contains bug fixes for the previous release 1.1.54276:

o Fixed DB::Exception: Assertion violation: !_path.empty() when inserting into a Distributed table.
o Fixed parsing when inserting in RowBinary format if input data starts with';'".

o Errors during runtime compilation of certain aggregate functions (e.g. groupArray() ).

Clickhouse Release 1.1.54276, 2017-08-16

New features:

o Added an optional WITH section for a SELECT query. Example query: WITH 1+1 AS a SELECT a, a*a

o INSERT can be performed synchronously in a Distributed table: OK is returned only after all the data is saved on all
the shards. This is activated by the setting insert_distributed_sync=1.

o Added the UUID data type for working with 16-byte identifiers.

o Added aliases of CHAR, FLOAT and other types for compatibility with the Tableau.

o Added the functions toYYYYMM, toYYYYMMDD, and toYYYYMMDDhhmmss for converting time into numbers.
¢ You can use IP addresses (together with the hostname) to identify servers for clustered DDL queries.

o Added support for non-constant arguments and negative offsets in the function substring(str, pos, len).

o Added the max_size parameter for the groupArray(max_size)(column) aggregate function, and optimized its
performance.



Main changes:

o Security improvements: all server files are created with 0640 permissions (can be changed viaconfig parameter).
o Improved error messages for queries with invalid syntax.

¢ Significantly reduced memory consumption and improved performance when merging large sections of MergeTree
data.

¢ Significantly increased the performance of data merges for the ReplacingMergeTree engine.
o Improved performance for asynchronous inserts from a Distributed table by combining multiple source inserts. To
enable this functionality, use the setting distributed_directory_monitor_batch_inserts=1.
Backward incompatible changes:
o Changed the binary format of aggregate states of groupArray(array_column) functions for arrays.

Complete list of changes:

e Added the output_format_json_quote_denormals setting, which enables outputting nan and inf values in JSON format.
o Optimized stream allocation when reading from a Distributed table.
o Settings can be configured in readonly mode if the value doesn't change.

o Added the ability to retrieve non-integer granules of the MergeTree engine in order to meet restrictions on the block
size specified in the preferred_block_size_bytes setting. The purpose is to reduce the consumption of RAM and
increase cache locality when processing queries from tables with large columns.

o Efficient use of indexes that contain expressions like toStartOfHour(x) for conditions like toStartOfHour(x) op constexpr.
« Added new settings for MergeTree engines (the merge_tree section in config.xml):

o replicated_deduplication_window_seconds sets the number of seconds allowed for deduplicating inserts in
Replicated tables.

o cleanup_delay_period sets how often to start cleanup to remove outdated data.
o replicated_can_become_leader can prevent a replica from becoming the leader (and assigning merges).
o Accelerated cleanup to remove outdated data from ZooKeeper.

o Multiple improvements and fixes for clustered DDL queries. Of particular interest is the new setting
distributed_ddI_task_timeout, which limits the time to wait for a response from the servers in the cluster. If a ddl
request has not been performed on all hosts, a response will contain a timeout error and a request will be executed
in an async mode.

o Improved display of stack traces in the server logs.

¢ Added the "none" value for the compression method.

¢ You can use multiple dictionaries_config sections in config.xml.

¢ ltis possible to connect to MySQL through a socket in the file system.

o The system.parts table has a new column with information about the size of marks, in bytes.
Bug fixes:

o Distributed tables using a Merge table now work correctly for a SELECT query with a condition on the _table field.
o Fixed arare race condition in ReplicatedMergeTree when checking data parts.
o Fixed possible freezing on "leader election" when starting a server.

o The max_replica_delay_for_distributed_queries setting was ignored when using a local replica of the data source.
This has been fixed.

o Fixed incorrect behavior of ALTER TABLE CLEAR COLUMN IN PARTITION when attempting to clean a non-existing



column.
o Fixed an exception in the multilf function when using empty arrays or strings.
o Fixed excessive memory allocations when deserializing Native format.
o Fixed incorrect auto-update of Trie dictionaries.
o Fixed an exception when running queries with a GROUP BY clause from a Merge table when using SAMPLE.
o Fixed a crash of GROUP BY when using distributed_aggregation_memory_efficient=1.
o Now you can specify the database.table in the right side of IN and JOIN.
 Too many threads were used for parallel aggregation. This has been fixed.
o Fixed how the "if" function works with FixedString arguments.
o SELECT worked incorrectly from a Distributed table for shards with a weight of 0. This has been fixed.
e Running CREATE VIEW IF EXISTS no longer causes crashes.
o Fixed incorrect behavior when input_format_skip_unknown_fields=1 is set and there are negative numbers.
o Fixed aninfinite loop in the dictGetHierarchy() function if there is some invalid data in the dictionary.

o Fixed Syntax error: unexpected (...) errors when running distributed queries with subqueries in an IN or JOIN clause and
Merge tables.

o Fixed anincorrect interpretation of a SELECT query from Dictionary tables.
o Fixed the "Cannot mremap" error when using arrays in IN and JOIN clauses with more than 2 billion elements.

o Fixed the failover for dictionaries with MySQL as the source.
Improved workflow for developing and assembling ClickHouse:

o Builds can be assembled in Arcadia.
e You can use gcc 7 to compile ClickHouse.

o Parallel builds using ccache+distcc are faster now.

ClickHouse release 1.1.54245, 2017-07-04

New features:

o Distributed DDL (for example, CREATE TABLE ON CLUSTER)
o Thereplicated query ALTER TABLE CLEAR COLUMN IN PARTITION.
¢ The engine for Dictionary tables (access to dictionary data in the form of a table).

o Dictionary database engine (this type of database automatically has Dictionary tables available for all the connected
external dictionaries).

¢ You can check for updates to the dictionary by sending a request to the source.
o Qualified column names

¢ Quoting identifiers using double quotation marks.

e Sessionsinthe HTTP interface.

o The OPTIMIZE query for a Replicated table can can run not only on the leader.
Backward incompatible changes:
e Removed SET GLOBAL.

Minor changes:



o Now after analertis triggered, the log prints the full stack trace.

o Relaxed the verification of the number of damaged/extra data parts at startup (there were too many false positives).
Bug fixes:

o Fixed a bad connection "sticking" when inserting into a Distributed table.

o GLOBAL IN now works for a query from a Merge table that looks at a Distributed table.

o Theincorrect number of cores was detected on a Google Compute Engine virtual machine. This has been fixed.
o Changes in how an executable source of cached external dictionaries works.

o Fixed the comparison of strings containing null characters.

¢ Fixed the comparison of Float32 primary key fields with constants.

e Previously, anincorrect estimate of the size of a field could lead to overly large allocations.
o Fixed a crash when querying a Nullable column added to a table using ALTER.

o Fixed a crash when sorting by a Nullable column, if the number of rows is less than LIMIT.
o Fixed an ORDER BY subquery consisting of only constant values.

o Previously, a Replicated table could remain in the invalid state after a failed DROP TABLE.
o Aliases for scalar subqueries with empty results are no longer lost.

o Now a query that used compilation does not fail with an error if the .so file gets damaged.

Fixed in ClickHouse Release 18.12.13, 2018-09-10
CVE-2018-14672
Functions for loading CatBoost models allowed path traversal and reading arbitrary files through error messages.

Credits: Andrey Krasichkov of Yandex Information Security Team

Fixed in ClickHouse Release 18.10.3, 2018-08-13
CVE-2018-14671

unixODBC allowed loading arbitrary shared objects from the file system which led to a Remote Code Execution
vulnerability.

Credits: Andrey Krasichkov and Evgeny Sidorov of Yandex Information Security Team

Fixed in ClickHouse Release 1.1.54388, 2018-06-28
CVE-2018-14668

"remote" table function allowed arbitrary symbols in "user”, "password" and "default_database" fields which led to Cross

Protocol Request Forgery Attacks.

Credits: Andrey Krasichkov of Yandex Information Security Team

Fixed in ClickHouse Release 1.1.54390, 2018-07-06
CVE-2018-14669

ClickHouse MySQL client had "LOAD DATA LOCAL INFILE" functionality enabled that allowed a malicious MySQL
database read arbitrary files from the connected ClickHouse server.



Credits: Andrey Krasichkov and Evgeny Sidorov of Yandex Information Security Team

Fixed in ClickHouse Release 1.1.54131, 2017-01-10

CVE-2018-14670
Incorrect configuration in deb package could lead to unauthorized use of the database.

Credits: the UK's National Cyber Security Centre (NCSC)
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