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UTto Takoe ClickHouse?

ClickHouse - distributed analytical column-oriented DBMS



[Touemy column-oriented?

Tak paboTtatoT row-oriented cucTtemsi:
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OcobeHHocTu ClickHouse

> column-oriented

) NUHEWHAaA MacLUTabnpyemMocCTb

) OTKa30yCTOMYMBOCTDL

) 3arpyska OaHHbIX B pealribHOM BpeMEHN
) OHNawH (sub-second) 3anpochl

> nopaepxka ananekta SQL + pacwmperHus

(MaccuBbl, BNOXEHHbIE CTPYKTYPbI AaHHbIX, domain-specific
doyHKUNN, COMNINTNPOBAHUE)



| lpeackasaHue
BEPOATHOCTU MOKYMNKU



[ lpeackasaHmne BepOATHOCTU MOKYMKU

3agada

Y3HaTb bonblue nHdpopmMaLun npo Nosib3oBaTeneu

Llenb

[10 noBeaeHuto nonb3oBaTernen B NpPoLUNoM, NpeackasbiBaTb UX
nosegeHue B byaywiem. Hanpumep, oTBETUTbL Ha BOMPOC — C Kakou
BEPOATHOCTbLIO MONb30BaTeNb COBEPLLUUT 3aKas.



Pabo4ynn npouecc

COop AaHHbIX > OOby4yeHne mogenu > Production process

[locTpoeHmne [1lpenckasaHue
BbIOOPKM N OLEHKA BEPOATHOCTU
Ka4yecTBa MOKYMKW

BbluncnexHume
NPU3HaKOB




COop OaHHbIX

Mcnonb3yem gaHHble AHaekc.MeTpuku n3 Logs API

Cblpble AdHHbIE MO XNTaM N BU3NTaAM

> [lpegbigylune Nokynku
> CocTosiHME KOP3UHbI

> [loceweHunsa cTpaHuL, ¢ onucaHMem ToBapa

3arpyxaem gaHHble B ClickHouse
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Bbl4yncneHne npm3HaKkosB

Moxem ncnosnb3oBaTb 6onee 60 xapakTepUCTUK

XapaKTepUCTUKM NOoNb3oBaTeENA:

YcTpoucTtBo, bpayaep, permoH

[loBegeHwue:

VICTOYHUKK TpaguKa, ooxona,
ObI NV NnocrneaHn BU3UT OTKaA3oM U T.A.
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Bbl4yncneHne npm3HaKkosB

> XpaHum gaHHble B ClickHouse B HearpernposaHHOM BUae
> Moxem nony4vunTtb (No4Tn) nobble NnpusHakn

> Hanpumep, cpegHaa AnNUTENbHOCTb CECCUN:
avg(Duration) as avg_duration

visits_all 1/10 2/10
StartDate {start _date}’ {end_date}’
FirstPartyCookie
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Oby4yeHne moaeneu

Cobpanu BbIOOPKY U 0OY4YUIIN HECKOMNbKO pasfnyHbIX MOOENEWN:

> SVM

> Logistic Regression
> Random Forest

> XGBoost

> CatBoost
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BHeapeHne oby4yeHHOM Mmoaenu

B pesynbrate oby4yeHus nonyymnm moaernb n Habop CKPUNTOB.

Kak ¢ 3TUM XXUTb?
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Cnocob 1: cnonb3yem kKoa ns obyvyeHus

HaBogum NopAaoK B Kyve CKPUMTOB:
1. BbIrpy>xaem gaHHble pa3 B Hegento (Kaxkabl noHeaenbHUK)
2. [lpnmeHsaemM Mmoaenb Takxke, Kak U TeCTupoBanu

3. 3arpyxaem BeposaTHOCTb nokynkn B Tabnuuy ClickHouse
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Cnocob 1: cnonb3yem kKoa ns obyvyeHus

[lpenmyLlecTBa

> [NpocTo, bbICTPO, 3P PEKTUBHO. HacTb Koaa yXe HanmcaHa.

> [NlonesHo. lNpuroantcsa npm nepeobdbyveHunm.

HepnoctaTkn

) 3arpysKka v Bbirpy3ka aaHHbIX. MoXxeT TOpMO3UTb.

) 3apaHee rotoBMM OTBETHI.

CnoXxHo NOJ1IYHNTb OTBET AOJ1A NMPOn3BOJIbHOIO Nnepnoaia.
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GRRcQH: 2: NpenapupyemM Mogernb

> CMOTpUM, Kak yCTpoeHa MoAenb
) [lepeHocuM npouecc NPUMEHEHNA B XpaHUNuLLEe AaHHbIX

> N3baBnsiemcsa OT 3arpy3ku U BbIrpy3Kn JaHHbIX

Yero cmoxem ooountbca?

> N3baBumMcsa OT nepeknaabiBaHUA AaHHbIX
> bynem paboTtaTtb ¢ Npon3BOMbHbIM MHOXECTBOM AaHHbIX

> [NpumeHeHne moagenun — 3anpoc B basy
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Cnocob 2: npenapupyem Moaenb

Kakne anroputmbl MoXXem nepeHectn B CYb/]?
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Cnocob 2: npenapupyem Moaenb

JlnHeunHbIe KnaccuuKkaTopsl

TpuBmanbHO

((feature1 * w1) + ... + (featureN * wN)) > threshold

table

Nlornctnyeckas perpeccus

Pe3ynbraTbl HA TECTOBOW BbIOOPKE

> ROC AUC: 0.917

> 0.44 sec. 441497 rows/sec. 63.16 MiB/sec.
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Cnocob 2: npenapupyem Mmoaernb

[1epeBO NPUHATUSA peLLeHNN

BknagbiBaem gepeBo B LIENOYKY BbI3OBOB YCIOBHbLIX (OYHKLU

if(petal _width <= 0.8,
'setosa’,
if(petal_width <=1.75,
'versicolor',
'virginica'))

Iris

petal widt
samp!

h (cm) <= 0.8
es = 150

value =
class

50, 50, 50]
= setosa

Tru:/

samples = 50
value =[50, 0, O]
class = setosa

y:alse

petal width (cm) <= 1.73

samples = 100
value = [0, 50, 50]
class = versicolor

VAR

class

samples = 54 samples = 46
value = [0, 49, 5] value = [0, 1, 45]

= versicolor class = virginica




Cnocob 2: npenapupyem Moaenb

Ilec, bycTnHr — Habop aepeBLEB

arrayReduce(‘'avg',[if(...), ..., If(...)])

Random Forest, 100 pepeBbeB rnyobuHbl 3

Pe3ynbraTbl HA TECTOBOW BbIOOPKE

> ROCAUC: 0.917 (0.923 anga rnybuHsl 6)

> 2.54 sec. 59450 rows/sec. 1.59 MiB/sec.
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Cnocob 2: npenapunpyem mMoaenb

Hebonblion nec n3 100 nepeBLEB

SELECT arrayReduce('sum',[1f(f21<0.287376, 1f(f2<-1.34168, i1f(f21<-0.0465033, -0.0411413, -0.0168165), 1if(f18<0.0541038, -0.0486026, -0.0432873)), 1f(f2<-1.12007, 1f(f19<0.514323, -0.00154215, 0.0279125), 1if
(f23<-0.0269176, -0.0391427, -0.0148464))),1f(f21<0.287376, if(f2<-1.30474, 1f(f21<-0.0465033, -0.0407256, -0.0184058), 1f(f23<-0.0274336, -0.0469912, -0.0290771)), if(f2<-1.157, 1f(f23<-0.027484, -0.00114219,
0.029407), 1f(f2<-0.344426, -0.0242555, -0.0423453))),1f(f18<0.883746, if(f2<-1.34168, if(f21<-0.00940569, -0.0386349, -0.00968768), if(f23<-0.0274894, -0.0458335, -0.0281316)), if(f2<-1.30474, if
(f23<-0.0273632, -0.00346079, 0.0302068), 1f(f19<0.514323, -0.0340366, -0.00648281))),1f(f21<0.250278, 1if(f2<-1.34168, if(f21<-0.0465033, -0.0383863, -0.0166084), 1f(f18<0.0541038, -0.0453193, -0.0402171)), if
(f2<-1.30474, 1f(f22<0.233904, 0.00176162, 0.0268355), if(f2<-0.639908, -0.0178382, -0.0385038))),1f(f18<0.607199, if(f2<-1.34168, 1f(f21<-0.00940569, -0.0373913, -0.0101554), 1f(f23<-0.0274336, -0.0439256,
-0.0289171)), 1f(f2<-1.19394, 1f(f19<0.514323, -0.00625752, 0.0268741), if(f19<0.514323, -0.0357198, -0.0104513))),1f(f21<0.435766, 1f(f2<-1.34168, 1f(f21<-0.00940569, -0.035767, -0.0104316), if
(f23<-0.0274894, -0.0428682, -0.0229862)), if(f2<-1.0462, 1f(f23<-0.0273248, 0.00187816, 0.02685), 1f(f19<1.63821, -0.032482, 0.00204186))),1f(f18<0.607199, if(f2<-1.30474, 1f(f21<-0.0465033, -0.037346,
-0.0156485), if(f21<-0.0465033, -0.042783, -0.0388954)), if(f2<-1.30474, if(f23<-0.0274931, -0.00521804, 0.0276861), if(f23<-0.0275324, -0.0332554, -0.00768356))),1f(f21<0.250278, if(f2<-1.30474, if
(f21<-0.0465033, -0.0354773, -0.015733), 1f(f18<0.0541038, -0.0418548, -0.0373441)), 1f(f2<-1.30474, if(f19<0.514323, 0.00189302, 0.0275378), if(f2<-0.824584, -0.0146903, -0.0342196))),1f(f21<0.21318, if
(f2<-1.30474, if(f21<-0.0465033, -0.0347172, -0.0169444), 1f(f19<0.514323, -0.04073, -0.0248928)), if(f2<-1.30474, 1f(f22<0.233904, 8.23854E-4, 0.0253576), 1if(f23<-0.027183, -0.0319395, -0.00700244))),if
(f21<0.287376, if(f2<-1.30474, 1f(f21<-0.0465033, -0.0343388, -0.014464), if(f23<-0.0268591, -0.0399331, -0.0230654)), if(f2<-1.19394, 1f(f22<0.233904, -0.00125408, 0.0236391), 1f(f23<-0.0271985, -0.031504,
-0.0054035))) ,1f(f21<0.21318, if(f2<-1.30474, if(f21<-0.00940569, -0.0328916, -0.0128814), if(f23<-0.0274492, -0.0392849, -0.0231176)), if(f2<-1.08313, 1f(f19<0.514323, -0.00200433, 0.02365), 1f(f2<-0.307491,
-0.0222099, -0.0358909))),1if(f18<0.607199, 1f(f2<-1.34168, if(f21<0.027692, -0.0317689, -0.00479046), 1f(f23<-0.0274336, -0.0386082, -0.0233539)), if(f2<-1.30474, 1f(f23<-0.0274876, -0.00522193, 0.0275162), if
(f19<0.514323, -0.0297226, -0.00283392))),1f(f18<0.607199, if(f2<-1.37861, if(f21<-0.00940569, -0.0310768, -0.00633344), 1f(f18<0.0541038, -0.0384042, -0.033431)), if(f2<-1.12007, 1f(f22<0.233904, -0.00648516,
0.0217163), if(f19<0.514323, -0.0309866, -0.00797589))),1f(f18<0.607199, if(f2<-1.30474, if(f21<-0.00940569, -0.0317836, -0.00930418), if(f21<-0.0465033, -0.0380014, -0.0341582)), if(f2<-1.157, if

(f22<0.233904, -0.00607711, 0.0222084), 1f(f19<0.514323, -0.0298831, -0.00679007))),1if(f18<0.607199, if(f2<-1.30474, if(f21<-0.00940569, -0.0312764, -0.00765295), 1f(f21<-0.0465033, -0.0374954, -0.0336616)), 1if

(f2<-1.30474, 1f(f19<0.514323, -0.00339929, 0.025132), 1f(f23<-0.0275324, -0.0277916, -0.00536361))),1f(f18<0.607199, 1f(f2<-1.37861, 1f(f21<-0.0465033, -0.0306154, -0.00996313), if(f23<-0.0274894, -0.0363659,
-0.0205428)), 1if(f2<-1.12007, if(f19<0.514323, -0.00647451, 0.0239892), if(f19<1.63821, -0.028755, 0.00906169))),1f(f21<0.138985, i1f(f2<-1.157, 1f(f18<0.0541038, -0.0311921, -0.0167023), 1f(f18<0.0541038,
-0.0365831, -0.0329484)), if(f2<-1.37861, if(f23<-0.0275224, 0.00278828, 0.0268101), if(f2<-0.639908, -0.0124602, -0.0313422))),if(f21<0.138985, if(f2<-1.37861, 1f(f21<-0.0465033, -0.0286743, -0.0120908), if
(f23<-0.0274794, -0.0354306, -0.0190915)), if(f2<-1.0462, if(f22<0.233904, -0.00441485, 0.0187175), if(f23<-0.026721, -0.0302931, -0.00990793))),1if(f21<0.138985, if(f2<-1.12007, if(f23<-0.0275315, -0.0287219,
0.0120843), 1f(f18<0.0541038, -0.0356779, -0.0321881)), 1f(f2<-1.26781, 1if(f23<-0.0273504, -6.72319E-4, 0.0238452), 1f(f2<-0.602973, -0.0144265, -0.0304927))),1f(f21<0.101887, if(f2<-1.30474, 1f(f18<0.0541038,
-0.0294119, -0.0142636), 1f(f2<-0.676843, -0.0320512, -0.035213)), if(f2<-1.08313, 1f(f22<0.233904, -0.0050053, 0.0185778), if(f2<-0.0489445, -0.0208435, -0.0326259))),1f(f21<0.101887, if(f2<-1.12007, 1if
(f21<-0.0465033, -0.0296804, -0.0166378), if(f23<-0.0274474, -0.0345859, -0.0216888)), 1f(f2<-1.26781, 1f(f22<0.233904, -0.00305679, 0.0205645), if(f2<-0.270556, -0.0169205, -0.0314051))),1f(f21<0.21318, if
(f2<-1.157, if(f21<-0.0465033, -0.0290345, -0.0139274), if(f1l8<0.0541038, -0.0343114, -0.0300956)), if(f2<-1.0462, if(f23<-0.0274025, -0.00231972, 0.0219966), if(f23<-0.026871, -0.0280293, -0.00744155))),1if
(f18<0.330651, if(f2<-1.37861, 1f(f21<-0.00940569, -0.0267404, -0.00563836), 1f(f2<-0.824584, -0.0304892, -0.0340051)), 1f(f2<-1.12007, 1f(f22<0.233904, -0.00695099, 0.0184827), if(f23<-0.0275041, -0.0273197,
-0.00706744))) ,1f(f18<0.330651, if(f2<-1.30474, 1f(f21<-0.0465033, -0.0283736, -0.0114656), 1f(f21<-0.0465033, -0.0335919, -0.0301803)), 1f(f2<-1.19394, if(f23<-0.0275324, -0.0056847, 0.0212156), 1if
(f23<-0.0271985, -0.0267871, -0.00349806))),1f(f18<0.607199, if(f2<-1.37861, if(f21<-0.0465033, -0.0267457, -0.0066822), 1f(f21<-0.0465033, -0.0331048, -0.028648)), if(f2<-1.12007, 1f(f23<-0.0270814,
-0.00400424, 0.020147), if(f23<-0.0274565, -0.0254219, -0.0043865))),1f(f21<0.0647896, if(f2<-1.30474, if(f1l6<-0.252381, -0.0281698, -0.0169334), if(f18<0.0541038, -0.0329024, -0.0290634)), if(f2<-1.08313, if
(f23<-0.0274867, -0.00479253, 0.0186878), if(f2<-0.270556, -0.017792, -0.029774))),1f(f18<0.330651, if(f2<-1.34168, if(f21<-0.0465033, -0.0269778, -0.00866721), 1f(f2<-0.824584, -0.029273, -0.0326748)), if
(f2<-1.12007, 1f(f23<-0.027484, -0.00552632, 0.018317), if(f23<-0.0274904, -0.0259033, -0.00592927))),1f(f18<0.330651, if(f2<-1.30474, 1f(f21<-0.0465033, -0.0268872, -0.0101706), if(f23<-0.0274364, -0.0319173,
-0.0183374)), if(f2<-1.12007, if(f19<0.514323, -0.0064463, 0.0195015), if(f19<0.514323, -0.0256998, -0.00468003))),1f(f21<0.176083, if(f2<-1.30474, if(f18<0.0541038, -0.0256026, -0.0108268), 1f(f18<0.0541038,
-0.0318308, -0.0270271)), if(f2<-1.37861, 1f(f22<0.233904, 0.00221522, 0.0221127), if(f2<-0.307491, -0.010695, -0.027506))),1f(f21<0.0647896, if(f2<-1.37861, 1f(f19<0.514323, -0.021889, 0.0214266), if
(f18<0.0541038, -0.0315352, -0.0268925)), if(f2<-1.08313, 1f(f22<0.233904, -0.00340782, 0.0172627), if(f2<-0.0489445, -0.0175592, -0.02915))),1f(f21<0.101887, if(f2<-1.0462, 1f(f18<0.0541038, -0.0264361,
-0.01378), 1f(f3<1.01952, -0.0315176, -0.0273609)), if(f2<-1.34168, if(f22<0.233904, 1.76803E-4, 0.0191606), 1f(f2<-0.344426, -0.011713, -0.0270393))),1f(f18<0.330651, if(f2<-1.30474, if(f21<-0.0465033,
-0.0256311, -0.00864613), if(f2<-0.824584, -0.0273856, -0.0311522)), if(f2<-1.37861, if(f22<0.233904, -6.7716E-4, 0.0203041), if(f19<0.514323, -0.0217005, 1.10617E-4))),if(f21<0.101887, if(f2<-1.30474, if
(f17<-0.145753, -0.0257026, -0.0135729), 1f(f18<0.0541038, -0.0307452, -0.0259101)), 1f(f2<-1.0462, if(f23<-0.0274025, -0.00314162, 0.0178064), if(f2<-0.0489445, -0.016502, -0.0281161))),1if(f18<0.607199, if
(f2<-1.30474, if(f21<-0.0465033, -0.0246073, -0.00673528), 1f(f21<-0.0465033, -0.030584, -0.0260979)), if(f2<-1.0462, 1f(f19<0.514323, -0.00417125, 0.0196098), if(f2<-0.307491, -0.0127647, -0.0256753))),1if
(f21<0.0647896, if(f2<-1.12007, 1f(f21<-0.083601, -0.0263189, -0.0161315), if(f19<0.514323, -0.0302128, -0.0146063)), 1f(f2<-1.0462, if(f23<-0.0274876, -0.0036788, 0.0171262), 1f(f23<-0.0273257, -0.0243853,
-0.00539893))),1f(f18<0.330651, if(f2<-1.34168, if(f21<-0.083601, -0.025844, -0.0115585), if(f23<-0.0274336, -0.0296326, -0.0135145)), 1f(f2<-1.37861, 1f(fl5<0.313696, -0.0057402, 0.0147234), 1f(f19<0.514323,
-0.0208168, 0.00104059))),1f(f21<0.0647896, if(f2<-1.0462, if(f19<0.514323, -0.0229019, 0.0143177), i1f(f3<1.67772, -0.0299549, -0.0240689)), 1f(f2<-0.861519, if(f22<0.233904, -0.00472233, 0.0151651), 1if
(f2<0.246537, -0.0193216, -0.0284809))),1f(f18<0.330651, 1f(f2<-1.0462, 1f(f21<-0.0465033, -0.0251667, -0.0104095), if(f23<-0.027387, -0.0295698, -0.0176517)), 1f(f2<-1.37861, 1f(f15<0.213168, -0.0062054,
0.0120493), 1f(f2<-0.307491, -0.0110783, -0.0265832))),1f(f18<0.330651, if(f2<-1.30474, 1f(f21<-0.0465033, -0.023067, -0.00776957), if(f23<-0.0274364, -0.0289648, -0.0132435)), if(f2<-1.0462, 1if
(f23<-0.0274876, -0.0051898, 0.0171133), if(f2<-0.0489445, -0.0154874, -0.0273422))),1f(f21<0.0647896, if(f2<-1.157, if(f1l5<-0.170228, -0.0246292, -0.013444), if(f3<1.82221, -0.0291237, -0.0217857)), if
(f2<-1.0462, 1f(f22<0.233904, -0.00316204, 0.0154117), if(f2<-0.0489445, -0.0146096, -0.0264161))),1f(f21<0.027692, 1f(f2<-1.34168, if(fl1l7<-0.145753, -0.0235227, -0.0111151), if(f2<-0.492167, -0.0259396,
-0.0293583)), if(f2<-1.0462, 1f(f23<-0.0274775, -0.00389493, 0.0165575), 1f(f2<-0.0120093, -0.01558, -0.0263846))),1f(f21<0.0647896, if(f2<-1.12007, 1f(f21<-0.083601, -0.0243, -0.0136216), 1f(f23<-0.0274336,
-0.0286324, -0.0145423)), 1f(f2<-1.0462, 1if(f22<0.233904, -0.00365398, 0.0153315), 1f(f19<1.63821, -0.02102, 0.0238225))),1f(f18<0.330651, if(f2<-1.34168, 1f(f21<-0.083601, -0.0236564, -0.00883573), if
(f23<-0.0274336, -0.0280848, -0.0111912)), if(f2<-0.639908, 1f(f22<0.233904, -0.00724257, 0.0137201), if(f19<0.514323, -0.0240014, -0.00753991))),1f(f18<0.330651, if(f2<-1.30474, 1f(f21<-0.0465033, -0.0219351,
-0.00640791), if(f23<-0.0274336, -0.0279327, -0.0108776)), if(f2<-1.00926, 1if(f23<-0.0273632, -0.00480692, 0.0170223), if(f19<0.514323, -0.0213351, -0.00180769))),1f(f18<0.0541038, if(f2<-1.37861, if
(f21<-0.083601, -0.0235011, -0.00839891), if(f2<-0.824584, -0.0248607, -0.0285964)), 1f(f2<-0.824584, 1f(f22<0.233904, -0.00835252, 0.013313), if(f23<-0.027483, -0.0240317, -0.00831159))),1f(f21<6.101887, 1if
(f2<-1.30474, 1f(f23<-0.0275324, -0.0179696, 0.0198129), if(f18<0.0541038, -0.0279481, -0.0223771)), if(f2<-0.861519, 1f(f23<-0.0275123, -0.00265762, 0.0164488), 1f(f3<0.762661, -0.0237467, -0.012149))),1f
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Cnocob 2: npenapupyem Moaenb

HenoctaTkn

> CrnoXXHocCTb npeobpasoBaHUst MOAENN B 3anpocC
> OrpaHn4yeHHasa NPUMEHUMOCTb

> He ana Bcex anroputMoB MaLLMHHOIMO 0by4eHus
> OrpaHunyeHunsa co ctopoHbl CYB/]

> [1pobrnembl ¢ Npon3BOANTENBHOCTbLIO
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Cnocob 3: BcTpanBaemMm NpUMeHeHMe B ba3sy

> Vlcnonb3yem bmbnmnoTteky maliMHHOro odby4eHusa BHYTpu 6a3sbl

) [lepeknaabiBaem Ha b6a3y paboTy no npeobpa3oBaHUIO AAHHbIX

> Fpvivie MERENRBAENLKSRASLIVER eI etion dbyHKLMM

Iris
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Grnocob 3: BcTpanBaem npuMeHeHve B basy

pPENMYLLEeCTBA

Te XXe, 4TO U Yy NpeagblayLlero cnocoba, HO

> HeTt HeonpaBaaHHbIX MpobriemM ¢ Npon3BOAUTENBHOCTbLIO
> OcHoBHas paboTta — Ha ba3e AaHHbIX

> OntTummnsauymsa paboTtbl BHYTPU OMONMOTEKM MALLMHHOIMO O0y4YeHUS

HepnoctaTkn

> basa gomkHa nogaepxmBaTb paboTy C KOHKPETHLIM arropuTMOM

> Pasnunuunsa B Bepcusax n goopmatax xpaHeHus
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Cnocob 3: BcTpanBaemMm NpUMeHeHMe B ba3sy

CatBoost, 100 nepeBbeB rmyobuHbl 6

PesynbTrathl Ha TeCTOBOWU BbiDOpKe

> ROC AUC: 0.932

> 3.96 sec. 19467 rows/sec. 2.78 MiB/sec.

XGBoost

Pesynbrathl Ha TeCTOBOWM BbiDOpKe

> 1000 pepeBbeB rmybuHbl 3 — ROC AUC: 0.929
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Cnocob 3: BcTpanBaemMm NpUMeHeHMe B ba3sy

Pe3ynbraThl
ANroputm ES g Bpems CKOpOCTb
Norncrtnyeckaga perpeccus 0.917 | 0.44 sec. | 63.16 MiB/sec.
Nec, 100 pep. rmMybuHbl 3 0.917 | 2.54 sec. 1.59 MiB/sec.
INec, 100 gep. rmMybuHbl 6 0.924
XGBoost, 1000 gep. rmybuHbl 3 0.929
CatBoost, 100 gep. rmybuHbl 6 0.932 | 3.96 sec. 2.78 MiB/sec.
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MHTerpauuna ClickHouse v
CatBoost



Monenun CatBoost B ClickHouse

1. OnucblBaeM KOH@Urypauuo mogenm

<models>

<model>
<l-- Tun mogenun. Cenyac Tonbko catboost. -->
<type=>catboost</type=>
<l-- Uma mogenun. Ana modelEvaluate(). -->
<name=>purchase_model</name=
<I-- TlyTb K 0Oy4YeHHON Mogenun. -->
<path>clickhouse/models/model.com</path=>
<I-- [lepnon obHoBneHuns. 0 — He oOHOBNAEM. -->
<lifetime>0</lifetime>

</model>

</model>
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Monenun CatBoost B ClickHouse

1. OnucblBaeM KOH@Urypauuo mogenm
2. B config.xml pobaeBnsem nyTb K KOHpUrypauum n nytb K CatBoost

<!-- catboost/catboost/libs/model interface peno3ntopusa CatBoost -->
<l-- Cbopka: ../../..lya make -r -->
<catboost dynamic library path>
/path/to/libcatboostmodel.so
</catboost _dynamic library path>
<l-- icnonb3yem ™" ana macku nomcka -->
<models_config>
clickhnouse/models/model*.xml

</models config>
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Monenun CatBoost B ClickHouse

1. OnucblBaeM KOH@Urypauuo mogenm
2. B config.xml pobaenaem nyTb K KOHUrypauum n nytb K CatBoost

3. Vcnonb3yem yHKUUIO

modelEvaluate('model _name’, feature1, ..., featureN)

modelEvaluate('purchase _model', ...) AS prediction

table

CHa4vana nepe4yncrisem 4YncrioBble npusHaku, 3aTem
KaTeropmanbHbIe.
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YUteHne na CatBoost Pool

dopmaT BXoAHbIX AaHHbIX ans obyvyeHmna CatBoost — CatBoost Pool

1. Onucanune ctonbuoB — TSV dhann Bnaa

column_id data type feature id (optional)

[Tpumep ansa oByx npusHakoB K Target
0 Categ is_yabrowser

1 Num viewed products

2 Target

2. OnucaHune pgartaceta — TSV pann ¢ gaHHbIMU
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YUteHne na CatBoost Pool

UTobObI ObICTPO NpoTecTupoBaTh paboty obydyeHHon moaenu B ClickHouse,
nobaBrneHa BO3MOXHOCTb YnTaTb AaHHble cpasy 13 nyrna CatBoost.

TabnnyHas yHkumna catBoostPool.

[TapameTpbl — nNyTH K pannam ¢ onmMcaHMeM CTonodbLoB 1 gaTacerTa.

catBoostPool('/path/to/column/description’, '/path/to/dataset/description')

Co3naet BpeMeHHyo Tabnuuy ¢ asmxkkom File('TSV').

dannbl JOIMKHbI HAXOONTLCA B AMPEKTOPUN JaHHbIX cepBepa.
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YUteHne na CatBoost Pool

Onuncanue ctonbuos nyna CatBoost:
0 Categ is_yabrowser

1 Num viewed products

2 Target

OnuncaHune ctondbuosB B catBoostPool
catBoostPool('test.cd’, 'test.csVv')

—hame —type r—default_type
| NumO | Float64 | | |

| Categ0 | String | | |

| Target | Float64 | | |

| is_yabrowser | String | ALIAS | Categ0 |

| viewed_products | Float64 | ALIAS | Num0 |
I I I
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YUteHne na CatBoost Pool

Onuncanue ctonbuos nyna CatBoost:
0 Categ is_yabrowser

1 Num viewed products

2 Target

OnuncaHune ctondbuosB B catBoostPool

*

catBoostPool('test.cd’, 'test.csv')

—name —type r—default_type—r—default_expression—
| Num0 | Float64 | | |

| Categ0 | String | | |
| | |
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Vicnonb3oBaHne oby4yeHHON Moaenu

[lpenckasbiBaeM BEPOATHOCTb MOKYIMKU

modelEvaluate('purchase _model', *) AS prediction,
1./ (1. + exp(-prediction)) AS probability

catBoostPool('test.cd’, 'test.csv')
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Vicnonb3oBaHne oby4yeHHON Moaenu

Cumntaem omnbKy Ha TecToBOU BbIDOPKE No meTpuke Logloss
-avg((Target * log(prob)) +

((1. - Target) * log(1. - prob))) AS logloss

modelEvaluate('purchase _model’, *) AS pred,
1./ (1. + exp(-pred)) AS prob,
Target

catBoostPool('test.cd’, 'test.csv')

| logloss—

I OS NN d SN d NSNS\ 4 =y 0NN I
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icnonb3oBaHMe oby4yeHHOU MoaOeNn

~ Bpems 3anpoca, cek.
4.5

35

2.5

1.5

0.5

ClickHouse table | CatBoost | ClickHouse pool
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Torm

MHuterpaumsa ClickHouse n CatBoost

) [lpyumeHeHne oby4eHHbIX MoaeNnen

> UTeHune gaHHbIX U3 nyna

[lanbHeunwne nnaHbl

> pyrne dpopmatbl Mogenen

> BctpoeHHoe obyyeHne mogenen — ?
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Cnacunbo!

Hukonam KodyeTtoB

Pa3paboTtumk ClickHouse

@ nik-kochetov@yandex-team.ru
] +7 965 124 03 64




