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Pedgepar

Ilenp Moero mpoekra - coznanue QyHkimii-ooeptok st cronodiooit CYB/] ClickHouse ¢
nomMo1bo 6nbmroTexku pybindl 1, KoTopbie MO3BOISAIOT CKOMIMIMPOBATH python-Moayb 1
ucnonb3oBathk ¢pyHkuu ClickHouse B mpoekTax Ha Python, a Takke B MO0 33124y BXOJAUT
Han#rcaHue HeoOXOAMMOTO KOJa /Il KOMITHIISIIHH.

B mpornecce paboTel ObuH U3y4eHBI HE0OX0qMMbIe YacTu ucxoaHoro koaa ClickHouse,
noxkymenrtanus nanaoit CYB/l n noxymenranus oubnuorexu pybindl 1, ncxomnsiii Koz
CYB/I DuckDB, ocHoBBI paboThl ¢ cuctemoit coopku mpoektoB CMake.

PesynbraroM paboThI SIBASIETCS AUPEKTOPHUSI, COCTOSIIAS U3 ABYX (haioB: .cpp Pails ¢ 1Bymst
¢byakuusmu-ooeptkamu 11 pyHkuuu ClickHouse executeQuery, ko1 i1 cO34aHUsI CaMOTO
python-moyss, 1 CMake aits mo3BoJIsIOINiT CKOMITMIIMPOBATH TAHHBINA KOJ B OMOIMOTEKY
Python.
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OnpeneneHns U TEPMUHbBI

- CYB/] — cucrema ynpasieHus: 6a3aMu JaHHBIX

- ClickHouse — cron6rioBas ananutuyeckas CYB/]

- pybind1l — GubaroTeKa, MO3BOJIsAIONIAs CO3/1aBaTh Python-01OIMOTEKH Ha S3bIKE
C++

- DuckDB — CYB/l, nanucannas va C++ u npegoctasisionias python API, takxe
peaIM30BaHHOTO C TIOMOIIEI0 pybindl 1

- numpy — 6ubnroTeka Uit paboThl ¢ MHOTOMEPHBIMU MacCUBaMHU

- SQL-3ampocs! - 3170 HAOOPHI KOMaH/ T Pa0OTHI C PENSIIMOHHBIMHE (TaOIUIHBIMH)
0a3amMM JTaHHBIX

- CMake — cucrema cOOpKH TPOEKTOB.



BBegeHue

Ha ceroassmnuii 1eHb CyIIECTBYET OTPOMHOE KOJIMYECTBO CEPBUCOB U IPHUIIOKECHUN
KOTOpBIE paboTaroT ¢ 0OJIBIIMMHU 00bEMaMH JTAHHBIX, 3a4acTyi0, X HE0OX0IMMO HE TOJIBKO
XpaHuTh, HO M aHanmu3upoBatk. ClickHouse - anamutrueckast cronomnosas CYB/]
MIPEIOCTABIISIIONIAs ITUPOKUI (PYHKIIMOHAI U XOPOILIO 3apeKOMEHI0BaBIIas ceds cpenn
pasmuunbiX 1 T-komnanuu o Bcemy mupy. Ha nannsiii moment y ClickHouse mer
uHTepdeiica B Python, n nems Moero nmpoekra - mojJoXuTh Ha4aIo ero co3aanuto. Python-
MO/TyJIb TIpeocTaBisromui pynkiuonan nanaoit CYBJ] cunpHo oOerunn Obl 3a1avy Juis
pa3paboTYMKOB Ha ATOM HOMYJISIPHOM U BOCTPEOOBAHHOM CETO/HS SA3bIKE. 3a4acTyI0, UMEHHO
Python ucnone3yroT ais ananuza 60IbIIMX 00HEMOB JIAHHBIX, TAK KaK OH UMEET
MOJIXOJISITITUE JJIsL TOTO OMOIUOTEKH - HAIPUMEDP nuUMpy.

AKTyanbHOCTb Npobnemsl

Python HanGoJsee MOMYISAPHBINA U TIOIXOASIINAN S3bIK JJIs aHAIM3a OOJIBIITNX JAHHBIX U
pabotel ¢ HUMU. [lomymsipHOCTH 00yCI0BIEHA HECKOIBKUMHU (PAKTOPAMH: SI3bIK UMEET
HY)KHBIE JIUIS 3TOTO OMOJIMOTEKH - HAPUMEDP NUMPY, UMEET JIAKOHUIHBIA CHHTAKCHC,
obyagaeT xopoleid YuTaeMocThio kKoaa u 6osee nmpoct yem C wm C++. Tlogasmnstomiee
OOJIBITMHCTBO CIEIUATUCTOB B 00JaCTH aHAIM3a JAHHBIX UCTIOJIb3YIOT ©IMEHHO Python.

[lenp 1 3amaum mpoekTa

ens nanHOTO MIpOEKTa — co31aTh 0a30BbIi Python-uaTepdeiic nus ClickHouse,
1o3BoJIsIOIIM BBITOIHATE pocThie SQL-3anpockl Buga SELECT, CREATE TABLE u
INSERT INTO, Takxe HEOOXOAMMO YMETh B3aUMOJICHCTBOBATH C NUMPY-MacCUBaMU 1
python-cinosapsimu. OcHoBHas pabota npenacrosiia ¢ pyukuueii ClickHouse executeQuery,
KOTOpas Kak pa3 u npeaHazHadeHa st 00pabOTKU U BBIINOJHEHHUS 3alIPOCOB.

Jlnst co3panms Python-monyns 6su10 pemero padorats ¢ onbauoTexoit pybindl 1. Jannas
O6ubnroTeka rnpenocTaBiseT (GyHKIIMOHAN, TO3BOJISIIOIINM OCYIIIECTBUTH TPAHCIISIUIO TUIIOB
u3 Python B C++ 1 HaoOopoT, a Takxe co3aath cam python-monyss.

Coznanue OMOIMOTEKU TOApa3yMeBaeT co3aanue npuBs3ku GyHkuil Python k ¢pyHkimsm,
HanucaHHbIM Ha C++. THunbl Python MOJKHO HCIIOJIb30BaTh B C++ Kojie ¢ MOMOIIBIO
CHelHalbHbIX 00epPTOK COOCTBEHHOTO MPOCTPAHCTBA UMEH OMOIHMOTEKH — Namespace

pybnidll.



O630p aHanoros

Amnanornynas 3agaya Obina pemena komannoii CYBJl DuckDB, kotopas npemocraisier
noiHoueHHbd python API. Cama uzest Obuta mo3anMCcTBOBaHa UMEHHO y HUX, KaK U
HEKOTOpBIE JETANU peaTu3aluu.

DuckDB o6nagaer nupekropueii ¢ He00X0AUMBIMU (QYHKIUSIMHU-00EPTKAMH U APYTUMH
WHCTPYMEHTAMH MO3BOJISIOIIUMHI CKOMIMIMPOBaTh python-mMmoayns. OCHOBHOE OTIIHYHE
noaxoxaa paspadorunkoB DuckDB ot pemenns ClickHouse B ToM, 4To y Hac HeT
HE0OX0JMMOCTH co3/1aBath Python-o0bekT connection - KOTOpPBIi PEeAOCTABISIET
coelMHeHHEe ¢ 0a3011 TaHHBIX U Yepe3 KOTOPHIN HYKHO OCYILECTBIISATh C HEH
B3aumo/ieiicteue. [Ipu ucnonb30BaHUM HAIIETO MOAYJIS JOCTATOYHO MPOCTO BBI3BATh

HY)KHYIO (DYHKIIMIO U BCE.



OcHoBHag 4YacTb

B niepByto ouepenp, MHE ObUIO HEOOXOAMMO 03HaKOMHTCS ¢ apxuTekTypoii ClickHouse,
M3YyYUTh TOKyMeHTanuio pybindl 1, mocMoTpeTs Kak pelieHa aHajloruyHas 3a1a4da B
DuckDB.

BBINOTHUTE MOCTaBICHHYIO 331a4y OBLIO PEIICHO CIISTYIOINM 00pa3oM — HalHMCcaTh JIBE
byHkimu-o6epTkr: query - dynkuus s oopadorku SELECT - 3anpocos u create_insert
— ¢ynkmus s 06padotkn CREATE TABLE - 3anpocoB u INSERT INTO - 3anpocos,
Oouiee Toro, Ccreate_insert noymkHa ymeTh paboTath ¢ python-cioBapsMu U3 numpy-
MacCHBOB.

3ameuaHue: IPOCTPAHCTBO UMEH PY 3KBUBAJIEHTHO NMPOCTpPaHCTBY UMeH pybindl1 Tk B koze

PO CAHO
ce py = pybindll;

it ynoOcTBa.

OnuncaHvne yHKUMK query

OyHkuMs query obiagaer cienyrolel CurHaTypo:
py::dict query(const std::string & query

['me mpuHIMaeMoe 3HaYeHUE — 3TO CTPOKA CAMOTO 3arpoca u3 Koja B python, kotopas

npeobOpasyercs B std::string aBToMaTHYECKH ¢ TIOMOITBI0 OnbnmroTeku pybind11 npu BeI3oBe
¢ynxmun, py::dict — 3T0 pe3yabTaT paboThl JaHHOH (GYHKIMH, a IMEHHO — PYythoNn-cioBaphb
COCTOSIIIUN U3 MUTOHOBCKUX CITUCKOB (list) co cTpokamu (eciu pe3yabTaT 3ampoca coiepikat
B Ka4eCTBE OTBETA CTPOKHM) WM U3 NUMPY MACCUBOB, €CITH B PE3YJIbTaTe OBLIH MOJTyYCHBI
HAOOPBI YUCIICHHBIX 3HAYCHUH.
CrnoBapb UMeeT CTPYKTYPY { {MMs KOJIOHKH: np.array(3Ha4eHus)}, ... }
TO €CTh KJIFOU - UMsI KOJIOHKH, 3HAUYEHHE - JINCT WK Np.array.
OyHKIUA padoTaeT CAeAYIOUUM 00pa3oM:

1. cosnmaer rioOanbHBI KOHTEKCT 3aIpoca eCJI OH €Ile He CO3/IaH

CO3JaHMe KOHTEKCTa YaCTUYHO [M03anMcTBOBaHo n3 ucxoaaoro xkozxa Clickhouse local

2. co3/aeT JIOKAJIbHBIA KOHTEKCT M KOHTEKCT 3arpoca — QueryContex
BbI3bIBAET QYHKIMIO executeQuery u nonyyaet o0bekT BlocklO
4. wucnonssyert pipeline.pulling() unu pipeline.completed() (co3naBasi COOTBETCTBYIOLIUI

w

pipeleneExecutor) ans noiay4deHus pe3ylbTaToB JaHHBIX

5. KOHBEPTUPYET MX B MOAXOSAIINH TUII (TIepedupacM BO3MOKHBIE TUTIBI JUIS
CMELHANbHO JUISl 3TOro HanucaHHo# gyHkumu tryConvert, 3T0 Hy>KHO TOTOMY YTO MBI
3apaHee He 3HaeM, KaKoro THIa Oy/eT OTBET Ha 3alpoc) U 100aBiIsieM B CIIOBaph,
KOTOPBIM MBI 3aT€EM BO3BPALIAEM M10JIb30BATEIIIO.

Onuncanue dyHKumn create insert

Oyukius create_insert oonamaeT ciaeayromeii CHrHaTypOiA:



void create i table >, const py::dict &

create_insert npuHrMaeT Ha BXOJ UMsI TaOJIUIBI U python-ciioBaph ¢ JaHHBIMH.
Hanee, co3maet TabauIly (ecau TakoBas eille He co3Jana) ¢ uMeHeM table name, u BcTaBiseT
B Hee JIJaHHbIE U3 cIoBaps ¢ oobekTamu u3 Python, HampuMep ciuckamu nim numpy-
MaCCHBaMHU.

Kak usBectno, ClickHouse ucnionb3yer st xpanenus JaHHbIX KoJoHKH (Column). dyHKms
OKHJIACT JaHHBIC B cieaytomeM popmare: {{ums KoJloHKH : np.array([...])}, ... }, Ipu 3TOM
UM KOJIOHKH JOJDKHO OBITh CTPOKOM, a TAaHHBIE B CIIMCKE WJIM NUMPY MAacCUBE JJIsl KaXKJJ0TO
KJIt04a (MMEHH KOJIOHKH) JIOJIKHBI ObITH OJTHOTO THIIA.

dyukius create_insert padoraer cieayommuM 00pasoMm:

MPOBEPSIET, CYIIECTBYET JIM Tabyuila ¢ iMeHeM table name

CO3/1aeT III00aTBHBIN KOHTEKCT €CITM OH eIlle He CO3/IaH

CO3/1aeT JIOKAJTBHBIN KOHTEKCT M KOHTEKCT 3a1poca

ecu TabauIa He CYIIECTBYET, TO CO3/IaeT €€ C MOMOIIbI0 PyHKIMH executeQuery
BbI3BIBaeT QyHKIMI0 executeQuery mis nomydenus BlocklO u momydenus pipelene’a
co3maet PushingPipelineExecutor miist 06paboTku 3ampoca Buga INSERT INTO
HaunHaeT 00padaThIBaTh CJIOBAPH C JAHHBIMU HTTEPUPYSICH IO KITFOYaM

CO3/IaeT KOJIOHKY C HIMEHEM PaBHBIM KITFOUY CIIOBapS

©oNo A~ LDNRE

UET TI0 TIepeaeT 3HaueHHUE MOTYIeHHOE 110 KIIF0UY U3 CIIOBaps B CIIEIUAITBHYIO

¢yukmuio tryConverToColumn, koTopast mepedupaet BO3MOKHbBIE THIIBI, B KOTOPHIE

AJIEMEHTHI 3TOTO CHHCKA WM NUMPY-MacCcuBa MOTYT ObITh CKOHBEPTHPOBAHEI

10. ¢ynkmus tryConverToColumn nmpeoOpa3yer nepesaHHbIi 00BEKT B CIIUCOK H
UTTEPUPYETCS 110 HEMY, J00aBIIsisi 3HAYCHUS B KOJIOHKY

11. noGaBnseT ATY KOJIOHKY B TaOIUIly ¢ UMEHEM table name

BcnomorarternbHble QyHKUMN

Jlnist ynoOcTBa M yIpoOIeHus KoJia ObIIIM CO3/IaHbI e1lle HEKOTOpbIe (DYHKITUH U KIlace
ClickHouselnstanceHolder.

Haunewm c 3Toro kiacca.

OH HeoOX0aUM ISl CO3/IaHMsI TJI00ATBHOTO KOHTEKCTa, IIPUYEM OH MOXKET ObITh CO3/aH
TOJIBKO OJIMH Pa3.

ClickHouselnstanceHolder conep:xut KOHCTPYKTOpP, KOTOPBIN U CO3[aeT II100abHBIH
KOHTEKCT, ycTaHaBnuBaetT currentDatabase, yctanaBnupaet juig Hero userConfig, Bkirogaer

TabnuyHble QYHKIUHU U TaK Jajee.

Taxke B o TOM KJ1acce MNPpUCYTCTBYCT I10JIC
ContextHolder holder;

— 3TO U €CTh TI00ATBbHBINH KOHTEKCT.

Oynkuus setupUser oTBeYaeT 3a HACTPOUKY MHPOPMAIIHH O TIOJIb30BaTeNe (M0JIh30BaTENb
coznaercs ¢ aedontHoi unpopmarmeii kak u B ClickHouse local)

Oynxkius createMemoryDatabaselfNotExist co3aet 6a3y TaHHBIX €ClIU Takas elle He
CYILLECTBYET U BO3BpPAILAET yKa3aTellb Ha HEe.



@ynxkiun tryConvert u tryConvertToColumn nbITatroTcst mpeoOpa3oBaTh 3HaYCHUS K
ONPEEIEHHOMY THILY, M €CJIM 3TO I0JIy4aeTCsl, OHU KOHBEPTUPYIOT BCE JJaHHBIE, KOTOPbIE UM
nepenan u GyHKuus 1100 GopMUpPYeT OTBET AJIS MMOJIB30BATENS 3 3TUX JAHHBIX JTH00
BCTaBJIIET X B KOJIOHKY (COOTBETCTBEHHO /IS KayK01 (yHKIMH). Eciiu npuBeieHne THIIOB
yIaI0Ch, TO (PYHKIIMK BO3BPAIAIOT 3HAYCHHE true U MporpaMMa UAET JaNbIIe, B IPOTUBHOM
cllyyae, BO3BpaIaeTcs 3HadeHue false ¥ mponcxoauT MOmbITKa IPUBEACHUS K APYTOMY THITY.

Cos3gaHue bmdbnunoTekum

Kon nnst co3nanus camoi OMOIMOTEKH BBITTIAIUT JOBOJIBHO MPOCTO — HYKHO BCETO JIUIIb
yKa3aTh UMeHa (QYHKIMM, OMUCAHUS U CCHIJIKM HAa UMILIEMEHTAIUIO CAaMUX (PYHKIUI:
PYBIND11l MODULE (clickhouse py,

{

£ ("query"”,

f ("create insert",
not exist, or move data to

}

m — 3t0 cam Moyib - clickhouse_py.
m.docC — onucanue MOy
m.def — ro6aBaeHrEe B MOYITb QYHKIIHN.

CMakelList.txt

Taxxke B nupekTopun Moero npoekra npucyrctsyet CMakeList.txt, on HyxeH a1 cOopKu
MIPOEKTa U KOMIIIALIUYA caMOi OMOIMOTEKH, B HEM YCTaHABIUBAIOTCS HEOOXOAUMbIE
3aBUCHMOCTH, S IPUBEAY YacTh (aiina:

clickhouse storages system clickhouse functions

clickhouse aggregate functions clickhouse table functions

S{PYTHON LIBRARIES})

371ech 100aBIIAETCS caM MOJYIb, KOTOPBIH co3maeTcs u3 ¢aitina mylib.cpp u
yCTaHaBIIMBAIOTCS 3aBUCUMOCTH ¢ ipyrumu yactsimu ClickHouse, koTopble He00X0AUMBI 15
paboThl OMOTUOTEKH.



PacnonoxeHe danna 6udnmortekn

[Tocnie kommuIALMKM BCEro MpoekTa, B manke /build/python_module/
nosiButcs ¢aiin clickhouse_py.cpython-310-x86_64-linux-gnu.so — 3To U €CTh UTOTOBas
oubmmoteka. s moakmoueHus: oubnuoreku B python ¢aiin HeoOxoauMo 100aBUTH CTPOKY

import clickhouse py




3akrn4vyeHue

B pesynbrate Oblin Hamucanbl PyHKIMHK create insert U query, KOTOpbIE TIO3BOJISIOT
o0pabaTbIBaTh 3anpockl U3 Python u paboTats ¢ numpy MaccuBamHu, CIIMCKAMU M CIIOBAPSIMU
Ha ctopone ClickHouse. Co3nmana nupekTopusi, KoTopast mpu coopke cosmaet daiin python-
MOJTYJIs, COJIEPKAIIETO ATH (PYHKITHH.

B nepcniexTrBe, MOKHO MPOJOJDKUTH YBEIHUUBATH (PYHKIIMOHAT JAHHOW OMOIHOTEKH U
3aHUMAThCA YAyUIIEHHUEM ITPOU3BOINTEIILHOCTH, TAK)KE CAEIAaTh COBMECTUMOCTH ¢ pandas.



CnncoK NCTOYHUKOB

1. ClickHouse - https://clickhouse.com/docs/en/

2. ClickHouse LocalConnection -
https://github.com/ClickHouse/ClickHouse/blob/8b41a5835202e28037c¢8e9232ac56b
€22864594c/src/Client/LocalConnection.cpp

3. Pybind11 - https://pybind11.readthedocs.io/en/stable/

4. DuckDB - https://duckdb.org/docs/

5. DuckDB Python module -
https://github.com/duckdb/duckdb/tree/0d3368c18cb77aaa4c581ff2c71d7b45d88be7d
9/tools/pythonpkg

6. Numpy - https://numpy.org/doc/stable/
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