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About

A fast, scalable, high performance
Gradient Boosting on Decision Trees
ibrary, used for ranking,
classification, regression and other
machine learning tasks for Python,
R, Java, C++. Supports computation
on CPU and GPU.




Ecnu kopoTko, To CatBoost :

2017 r.p. npoxunBaeT no agpecy https://github.com/catboost

AHpekc -- INonck, Peknama, Anuca, loroaa, My3bika, becnnnoTHMKM

Open Source -- B Ton-200 n3 ~900K open source NpoeKToB No
Google criticality score

MalwmnHHoe obyyeHue -- Ton-3 Ha kaggle.com u pypi.org ans
TaONMNYHbIX OaHHbIX


https://github.com/catboost

Kak CatBoost y4ymnTcH



[paANEHTHbIN OYCTUHT Ha ... NanbLaXx
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[Tpouecc obyyeHUS

HacTpanBaem
onuMm 0byYeHUs

Koonpyem
KaTeropumasnbHble
NPOWN3HAKM

YrTaem BXoaHble
NaHHbIE

Yymmcs

KBaHTUN3yeM
YNCNOBbIE
NPU3HaKN

JKCMNopTUNpyem
MOOESb
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[Tpouecc obyyeHuns

XOPOLL
3HaYEeHV

e
A Mo

YMOJ4a

HHO

KaTeropmg ->
cpeHn TapretT

N T.T1.

CSV, CSI, pandas 1 T.M.

HacTpanBaem
onuMm 0byYeHUs

Koonpyem
KaTeropumasnbHble
NPOWN3HAKM

YrTaem BXoaHble
NaHHbIE

Yymmcs

KBaHTUN3yeM
YNCNOBbIE
NPU3HaKN

JKCMNopTUNpyem
MOOESb

ObICTPbIN
nogoop
CMNTOB

PY, CPP, J50N,
onNX 1 T.M.
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[ NaBHbIN LMK 0By4YeHns

CTpouM OQHO

nepeBso

CoxpaHsaem
KOHTPOJIbHYIO
TOYKY

[ TpoBepsaem
nepeodbyYeHHOCTb

Bblyumcngaem
METPUNKU
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[Top6op ogHOro pepeBa

[lopocyeT
MPOW3BOAHbIX U
Bbibop donpa - p
CYETUYMKOB Ha
BbIBpaHHOM dbonae
[Toocuet Y
O YKaoHbi noobop
CYETYUYMKOB Ha BCEX DOBHE NepeBa
donpax g

ObHoBNEeHMeE
npenckas’aHu
MOLEeNU

PacyeT 3Ha4YeHn B
NINCTbSAX



[Ton6op ogHOro gepesa

Camnnupyem/

rnepeB3BelllIBaeEM

OBHOBASIEM K3LL ['eHepupyem
CMUCOK CN/INTOB-
rMCTOrPamMm
KaHOMOaTOB
>KagHbi nogbop
VOOBHEW JepeBa
[TpoBepsem
TOUBMANBHOCTb CTponm
0OOABNEHHOro rMCTOr PaMmbl
NPOU3BOAHbIX

CManUTa v rnyounHy

[lobaBngem B

OueHrBaem
OEepPeBO
BbIOPAHHbIX
KaHOuoaTa C
KaHOVO0aToOB

NydLlen oLeHKomu
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CtpykTypa https://github.com/catboost/catboost

catboost/

> (CatBoostTyT

catboost/docs/

> Jloka no CatBoost TyT

util/

> C++ KOHTEMHepbl, Gawrnbl, CTPOKW, KOAMPOBKW, BBOA/BbIBOA
library/

> oblwme bmbnnoTteku - json, protobuf, getopt, cuda libs, noTokn
contrib/

> CTOPOHHUKe bunbnmnoteku - flatbuffers, onnx, coreml, nvidia cub

18


https://github.com/catboost/catboost

Ba)xHble MecTa B koae (obyyeHmne Ha CPU)

catboost/libs/model/model.h
catboost/python_package/catboost/_catboost.pyx
catboost/python_package/catboost/core.py
catboost/R-package/src/catboostr.cpp
catboost/private/libs/options

catboost/libs/train_lib/train_model.cpp
catboost/private/libs/algo/train.cpp
catboost/private/libs/algo/approx_calcer.cpp
catboost/private/libs/algo/score_calcer.cpp
catboost/private/libs/algo/greedy_tensor_search.cpp

19



Python -> Pyrex -> C++
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Python -> Pyrex -> C++

fit(self, X, y=

(LN LY

, text features=
, pairs welght=

, cat features=
group welght= , subgroup id=
eval set= , verbose= , logging level-= , plot
verbose eval= , metric period=

, snapshot file= , snapshot_inte

save snapshot=

log cout=sys.stdout, log cerr=sys.stderr):

Fit the CatBoost model.

, sllent= , i

catboost/python_package/catboost/core.py

2



Python -> Pyrex -> C++

catboost/python_package/catboost/core.py

fit(self, X, y= , cat features= , text features=

group welght= ,

subgroup id= , pairs welght=

eval set= , verbose= , logging level-= , plot

verbose eval= ,
save snapshot=

log cout=sys.stdout, log cerr=sys.stderr):

(LN LY

Fit the CatBoost model

, snapshot file= , snapshot_inte

metric period= , silent= , Bi

catboost/python_package/catboost/_catboost.pyx

cpdet train(self, PoolBase train pool, test pools, dict params
self.model blob = None
_input borders = params.pop(”input_borders", None)
prep params = PreprocessParams(params)
cdef int thread count = params.get("thread count™, 1)
cdef TDataProviders dataProviders
dataProviders.Learn = train pool. pool

cdet PoolBase test pool

cdeft TVector[ui32] ignored features

22



Python -> Pyrex -> C++

catboost/python_package/catboost/core.py

fit(self, X, y= , cat features= , text features=
group welght= , subgroup id= , pairs welght=
eval set= , verbose= , logging level-= , plot
verbose eval= , metric period= , silent= , Bi
save snapshot= , snapshot file= , snapshot_ inte

catboost/python_package/catboost/_catboost.pyx

log cout=sys.stdout, log cerr=sys.stderr):

Fit the CatBoost model cpdef _train(self, _PoolBase train_pool, test_pools, dict params
self.model blob = None
_input borders = params.pop(”input_borders", None)
prep params = PreprocessParams(params)
cdef int thread count = params.get("thread count™, 1)
cdef TDataProviders dataProviders
dataProviders.Learn = traj
cdet PoolBase test pool TPEiﬂHﬂdEu[
cdef TVector[ui32] ignore NJson: :TJsonValue plainJ)sonParams,
NCB: :TQuantizedFeaturesInfoPtr quantizedFeaturesIntfo,
TMaybe<TCustomObjectiveDescriptor>& objectiveDescripto
TMaybe<TCustomMetricDescriptor>& evalMetricDescriptor,
TMaybe<TCustomCallbackDescriptor>& callbackDescriptor,
NCB: :TDataProviders pools,
TMaybe<TFullModel*> initModel,
catboost/libs/train_lib/train_model.cpp THolder<TLearnProgress>* initlLearnProgress,
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Python -> Pyrex -> C++

catboost/python_package/catboost/core.py

fit(self, X, y= , cat features= , text features=
group welght= , subgroup id= , pairs welght=
eval set= , verbose= , logging level-= , plot
verbose eval= , metric period= , silent= , B
save snapshot= , snapshot file= , snapshot_ inte

catboost/python_package/catboost/_catboost.pyx

log cout=sys.stdout, log cerr=sys.stderr):

it the CatBoost model cpdef _train(self, _PoolBase train_pool, test_pools, dict params
~ 1f.model blob = None
_inout borders = params.pop("input borders™, None)
prep params = PreprocessParams(params)
cde f 1int thread count = params.get("thread count™, 1)
cde f TDataProviders dataProviders
dat aProviders.Learn = traj
cde - PoolBase test pool TrainMﬂdEH{
cdet, TVector[ui32] ignore hwon: :TlsonValue plainl)sonParams,
NCB: :TQuantizedFeaturesInfoPtr quantizedFeaturesInfo,
TMaybe<TCustomObjectiveDescriptor>& objectiveDescripto
TMaybe<TCustomMetricDescriptor>& evalMetricDescriptor,
TMaybe<TCustomCallbackDescriptor>& callbackDescriptor,
NCB: :TDataProviders pools,
TMaybe<TFullModel*> initModel,
catboost/libs/train_lib/train_model.cpp THolder<TLearnProgress>* initlLearnProgress,
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C++ B CTUNE AHOEKC
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[Touemy B cTune AHpekc?
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[Touemy B cTune AHpekc?

O

template <class
class TArrayRef: public NVecte
public:

y /—‘ g )_\ g ,_\
- Nt Nt

constexpr inline TArrayRe
T (nullptr)
» S_(0)

{,_\
Nl

O
-
™
-
w_
. -.l
a
9
-

r "
—
\\ .

std::SpPall

Defined in header <span=>

template<
class T,
std::si1ize t Extent
> class span;

(since C++20)

std: :dynamic extent
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[Touemy B cTune AHpekc?
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Defined in header <span=>
template<

st
std::size_t Extent = std::dynamic_extent since c++20)

> class span;
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[ToMuTmMBblI C++ (YMHbIE YKa3aTenn)

util/generic/ptr.h
> THolder<T> - aHanor std::unique_ptr<T>

> T(Atomic|Simple)SharedPtr<T> - aHanor
std: :shared_ptr<T>

> TIntrusivePtr<T> - yka3aTenb Ha HAaCNeOHWMKOB KNAacca
TRefCounted + 3koHOMWMA Ha annokaumm control-block

29



[Tomutmebl C++ (BBOA/BbIBOS)

util/stream/*
> IInputStream - 6a30BbIM K/1acC MOTOKOB BBOAA (Operator >>)

> IoutputStream — 06a30BbI/ K/1aCcC MOTOKOB BbIBOOA
(operator<<)

> Cln-aHanorstd::cin
> Cout-aHanor std: :cout
> Cerr -aHanor std: :cerr

> Endl - aHanorstd::endl



[TonmMmuTmebl C++ (bannbi)

util/stream/file.h
> TInputFile -aHanor std::ifstream
> TOutputFile -aHanor std::ofstream

util/system/fs.h

hana/aAnNpeKTopnn

> NFs::Ex1sts() - npoBepkaHanmums ¢

\J

> NFs::Copy() -«konmposatb ban

3



[ToMuTmBbl C++ (KOHTENHEepPDLI)

util/generic/vector.h

> TVector<T> - HacnhegHuk std: :vector<T>
util/generic/hash.h

> THashMap<T> - 3kBuBaneHT std: :unordered_map<T>

> THashSet<T> - 3kBMBaneHt std: :unordered_set<T>

util/generic/set.h + util/generic/map.h
> TSet<T> - HachegHuk std::set<T>

> TMap<T> - HacnegHuk std: :map<T>
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[ToMmmnTUBbI C++ (CCbINIKM HA MacCUBbI)

util/generic/array_ref.h

> TArrayRef un TConstArrayRef - anbTepHatTmBa std::span
n3 C++20

33



[TomMmuTmebl C++ (CTPOKN)

util/generic/strbuf.h

> TStringBuf - aHanor std::string_view

util/generic/string.h

> TString - CoW cTpoka char

> Tutflestring- CoW ctpokawchar16é

util/string/cast.h

> TString ToString<T> - 3kBuMBaneHt std::to_string
> T FromString<T>

> bool TryFromString<T>(..,T* value)
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[TomMmumnTmBebl C++ (MCKNOYEHUS 1 accepThbl)

util/generic/yexception.h
> yexception -HacnegHuk std::exception
> ythrow - throw +neyaTb CTeK Tpenca

> TString CurrentExceptionMessage() - TEeKCTOBOE
ONMMCaHNEe NCKTIYEHUS

util/system/yassert.h
> Y_ASSERT()

> Y_VERIFY()
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[TomuTmebl C++ (cepunanmnsaumns)

util/ysaveload.h PacnpeneneHHoe obyyeHune Ha CPU
> Save(IOutputStream®) library/cpp/binsaver/bin_saver.h
> Load(IInputStream*) > T::operator&(IBinSaver¥®)
> aBTOreHepawLms > aBToreHepauma SAVELOAD(...)

Y_SAVELOAD(...)
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[TonMuTmebl C++ (6e3onacHbIv union)

util/generic/maybe.h
> TMaybe — aHanor std::optional
util/generic/variant.h

> TVariant — anHanor std::variant

37



NcknouyeHusa B CatBoost koge

catboost/libs/helpers/exception.h
> TCatBoostException — yexception + cTeKk Tpenc

> CB_ENSURE - aHanor Y_ENSURE, 6bpocatoLwnin McknoyeHme
TCatBoostException




Code style

Oowmm ctunb koga Ha C++

> https://github.com/catboost/catboost/blob/master/CPP STYL

GUIDE.md

PacwunpeHue ctung ang catboost

> Kpowme util m catboost/cuda/*/kernel, pa3pewwéH C++1/ 1 BbiLle

> F

{

tps://qgith

Ub.com/catboost/catboost/blob/master/catboost co

[

]

Mmand_sty

e guide extension.mad

Python
> PEP8 ©



https://github.com/catboost/catboost/blob/master/CPP_STYLE_GUIDE.md
https://github.com/catboost/catboost/blob/master/CPP_STYLE_GUIDE.md
https://github.com/catboost/catboost/blob/master/catboost_command_style_guide_extension.md
https://github.com/catboost/catboost/blob/master/catboost_command_style_guide_extension.md

Cobunpaem CatBoost



OcobeHHOCTU COoPKU

Cuctema cbopku c Bepcum CatBoost 1.2 - cmake

> CTaHOapTHbIV MPO3PaYHbIN NPOLLECC COOPKM

> [1loNHOCTBIO OTKa3alMCb OT ya make

MakcumManbHO cTaTuyeckasa coopka

> MUHMMYM BHELWHWNX 3aBUCUMMOCTEN == NPOCTOTa NCMONb30BaAHNS
apTedakTOB COOPKU




[ThaTdopMbl COOPKIU

OnepaumnoHHble CUCTEMDI

> Linux, macOS, Windows, Android

APXNTEKTYPbI

> arm, Xa6

> X86_64, aarché64 (armb4), ppcbile

> x86_64-cuda, aarchb64-cuda, ppcddle-cuda
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OKpyxxeHne gpna cbopku

43


https://catboost.ai/en/docs/installation/build-environment-setup-for-cmake

OKpyXeHne gnsa coOopku

Cmake 3.21
Conan1.5/7.0--1.59.0

Ninja

44


https://catboost.ai/en/docs/installation/build-environment-setup-for-cmake

OKpyXeHne gnsa coOopku

Cmake 3.21
Conan1.5/7.0--1.59.0

Ninja

Linux

> gcc, clang>=12,lld>=7/

macOS
> XCode>=12

Windows

> Windows 10 unn 11 SDK

> MSVCv14.28

> MSVS 2019 v16.8 unnv16.9

45


https://catboost.ai/en/docs/installation/build-environment-setup-for-cmake

OKpyxxeHne gpna cbopku

Cmake 3.21

Linux
Conan1.57.0--1.59.0 > gcCc, clang>=12,lld>=7/
Ninja macOS

> XCode>=1.

CUDA 11.8, eCcnu HY>KHO
obyyeHne/npmnmMmeHeHmne Ha GPU Windows

> Windows 10 nnm 11 SDK

> MSVCv14.28

Sggﬁgn‘dew eC/IN HY>KHa Python > MSVS 2019v16.8 unnv16.9

JDK 8.0, ecnun Hy>kHa JVM yacTb

46


https://catboost.ai/en/docs/installation/build-environment-setup-for-cmake

OKpyXXeHune ansa cOopku

Cmake 3.21

Linux
Conan1.57.0--1.59.0 > gcCc, clang>=12,lld>=7/
Ninja macOS

> XCode>=1.

CUDA 11.8, ecnint Hy>XKHO
obyyeHne/npmnmMmeHeHmne Ha GPU Windows

> Windows 10 nnm 11 SDK

> MSVCv14.28

Sggﬁgn‘dew eC/IN HY>KHa Python > MSVS 2019v16.8 unnv16.9

JDK 8.0, ecnun Hy>kHa JVM yacTb

https://catboost.ai/en/docs/installation/build-environment-setup-for-cmake A7



https://catboost.ai/en/docs/installation/build-environment-setup-for-cmake

[TonMepbl 3anycka cOOpPKM 1 TeCTOB

43


https://github.com/catboost/catboost/blob/master/build/build_native.py

[TonMepbl 3anycka cOOpPKM 1 TeCTOB

[TpnnoxeHnune CatBoost 6e3 noganep>xkm GPU

> Pyt
r00

plelg

t-dir=

$CATBOOST_S

RC

_ROOT/build/build_native.py --build-

=./build_no_cuda --targets catboost

49


https://github.com/catboost/catboost/blob/master/build/build_native.py

[TonMepbl 3anycka cOOpPKM 1 TeCTOB

[TpnnoxeHnune CatBoost 6e3 noganep>xkm GPU

> Pyt
r00

plelg

t-dir=

$CATBOOST_S

RC

_ROOT/build/build_native.py --build-

=./build_no_cuda --targets catboost

[TonnoxeHune CatBoost c noggepxxkomn GPU
SCATBOOST _SRC_ROOT/build/build_native.py --build-

> pythor
root-di

'=./build_with_cuda --targets catboost --have-cuda

50


https://github.com/catboost/catboost/blob/master/build/build_native.py

[TonMepbl 3anycka cOOpPKM 1 TeCTOB

[TpnnoxeHune CatBoost 6e3 nopaepxxkm GPU

> pythor

root-dir=

$CATBOOST_S

RC

_ROOT/build/build_native.py --build-

=./build_no_cuda --targets catboost

[TonnoxeHune CatBoost c noggepxxkomn GPU
SCATBOOST _SRC_ROOT/build/build_native.py --build-

> pythor
root-di

'=./build_with_cuda --targets catboost --have-cuda

https://github.com/catboost/catboost/blob/master/build/build_native.py

o)


https://github.com/catboost/catboost/blob/master/build/build_native.py

ApTedakTbl COOPKU

Pacrnono)eHue

ApTedakT

catboost/app

catboost/python-package/catboost

catboost/libs/model interface

catboost/libs/train_interface

catboost/jvm-packages/catboostdj-prediction/src/native_impl

catboost/spark/catboostdj-spark/core/src/native_impl

obyyeHne N NPMEHeHe 13 KOMaHOHOW
CTOOKWU

OHaMmyeckasa ononmoteka ang [NToH-
naxkeTa

OVMHaMMYeCcKada 1 ctaTmnyeckas bmbnmoTeka
Ons npuMeHeHng Mmoageneu

ONHaMMYyeckas onbnmoTeka asg obyyeHus
MoOeneu

JNI GmnbnmoTeka onsg npuMeHeHud

JNI 6nbnmnoTteka osg odbyyeHns C NoaOePXKOM
Apache Spark

52



KoHTpnbboTnTb B CatBoost — 310 npocTo
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https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

54


https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

>  BblOMpaemM NoHpaBMBLLYHOCH 3a4a4y B
nttps://github.com/catboost/catboost/issues



https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

)

BbIbMPaeEM NOHPABMBLLYHKOCA 33034y B

nttps://github.com/catboost/catboost/issues

good first Issue

documentation

56


https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

>  BblOMpaemM NoHpaBMBLLYHOCH 3a4a4y B
nttps://github.com/catboost/catboost/issues good first issue documentation

> Echiumewe HeT, TO oenaeM CBOW GOPK
nttps://github.com/catboost/catboost

5/


https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

>  BblOMpaemM NoHpaBMBLLYHOCH 3a4a4y B
nttps://github.com/catboost/catboost/issues good first issue documentation

> Echiumewe HeT, TO oenaeM CBOW GOPK
nttps://github.com/catboost/catboost

>  [lenaem BeTKy A1 paboTbl HaO 3a0aven, 3a/IMBAEM B HEE CBOW MPaBKM

53


https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

>  BblOMpaemM NoHpaBMBLLYHOCH 3a4a4y B
nttps://github.com/catboost/catboost/issues good first issue

> Echiumewe HeT, TO oenaeM CBOW GOPK
nttps://github.com/catboost/catboost

>  [lenaem BeTKy A1 paboTbl HaO 3a0aven, 3a/IMBAEM B HEE CBOW MPaBKM

> [lenaem pull request B OCHOBHOW peno3nTtopun KatbycTa

59


https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

>  BblOMpaemM NoHpaBMBLLYHOCH 3a4a4y B
nttps://github.com/catboost/catboost/issues good first issue

> Echiumewe HeT, TO oenaeM CBOW GOPK
nttps://github.com/catboost/catboost

>  [lenaem BeTKy A1 paboTbl HaO 3a0aven, 3a/IMBAEM B HEE CBOW MPaBKM

> [lenaem pull request B OCHOBHOW peno3nTtopun KatbycTa

> VlcnpaBngeM 3aMeyvyaHns PEBLIOEPOB, B CaMbll MepBbll PR oobaBnsem
KOMMeHTapuwn / hereby agree to the terms of the CLA available at: [link]/.
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https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

>  Hy>kHa yyéTka Ha github.com ©

>  BblOMpaemM NoHpaBMBLLYHOCH 3a4a4y B
nttps://github.com/catboost/catboost/issues good first issue

> Echiumewe HeT, TO oenaeM CBOW GOPK
nttps://github.com/catboost/catboost

>  [lenaem BeTKy A1 paboTbl HaO 3a0aven, 3a/IMBAEM B HEE CBOW MPaBKM

> [lenaem pull request B OCHOBHOW peno3nTtopun KatbycTa

> VlcnpaBngeM 3aMeyvyaHns PEBLIOEPOB, B CaMbll MepBbll PR oobaBnsem
KOMMeHTapuwn / hereby agree to the terms of the CLA available at: [link]/.

> Bingo!
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https://github.com/catboost/catboost/issues
https://github.com/catboost/catboost

KoHTpnbboTnTb B CatBoost — 310 npocTo

CatBoost 1.2

> Support CUDA applier in Rust package. #1925, thanks to @getumen

> Add Focal loss (CPU-only for now). ¥

1807, thanks to @diditforlulz2/3

>  Fix: model_interface/cmake_example failed build "‘runtime_error’ is not
a member of ‘std’. #2324, thanks to @Mandelag

CatBoost 1.0.5

> Custom multilabel eval metrics, Fbeta score by @ELitvinova

> Metrics plotter by @evgenabramov

CatBoost1.0

> Update C++ handles by reference to avoid redundant copies in R

nackage by @david-cortes
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https://catboost.ai/

https://t.me/catboost_ru

https://t.me/catboost_en

https://github.com/catboost/catboost
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