[loaroToBKa K CNPUHTY

- CNIM akKayHTa Ha github.com HeT, 3aperncTpmrpoBaThCS

DopKHYTb peno3mtopun https://github.com/catboost/catboost

CKNOHMPOBATb GOPKHYTYIO BEPCUIO Ha Pa3paboTUeCcKyO MaLLnHY

3anyctuTb coopky CLI Bepcum (CMOTPU MHCTPYKUMKM a4 linux/macos v
windows)

3anycTtuTb cOopky Python package (CMOTpU MHCTPYKLMK ONng linux/macos 1
windows)

[1na Linux n MacOS MOXHO creHepmpoBaTb Clion/gt NpoeKT C MOMOLLBbIO
./ya 1de HaWindows MOX»HO NONb30BaTbCA AOCTYMHbIM B MANKe Msvs
DeLleHNEM


https://github.com/catboost/catboost
https://tech.yandex.com/catboost/doc/dg/installation/cli-installation-local-copy-installation-docpage/
https://tech.yandex.com/catboost/doc/dg/installation/cli-installation-local-copy-installation-windows-docpage/
https://tech.yandex.com/catboost/doc/dg/installation/python-installation-method-build-from-source-linux-macos-docpage/
https://tech.yandex.com/catboost/doc/dg/installation/python-installation-method-build-from-source-windows-docpage/

fHneKc
OTKPbITbIM KO B AHOEKCE.

CnpuHThl No CatBoost
ClickHouse



AHnekc

BBepeHve B pa3paboTtky CatBoost
Ctanumcnas Knpunnos, BeayLwmm pa3padbotymk CatBoost

BeeneHve B pa3pabdboTtky ClickHouse
Anexkcen Mmnnoemnaos, pa3padotymk ClickHouse



CatBoost

.| catboost / catboost @®© Unwatch~ 174 | Y Unstar 3,632  YFork 518
<> Code Issues 93 Pull requests 4 11 Insights Settings
A fast, scalable, high performance Gradient Boosting on Decision Trees library, used for ranking, classification, regression and Edit

other machine learning tasks for Python, R, Java, C++. Supports computation on CPU and GPU. https://catboost.ali
machine-learning decision-trees gradient-boosting gbm gbdt python r kaggle gpu-computing catboost tutorial

categorical-features gpu coreml data-science big-data cuda data-mining

Manage topics

®C++ 80.6% ® Python 12.4% ® Cuda 4.8% ®RO0.7% ® Makefile 0.6% ® Java 0.4% Other 0.5%
| | 1l



Kak Catboost yuymnTcH



[pagneHTHbIA OYCTUHT




[Tpouecc obyyeHUS

Training options
parsing and
verification

Categorical
features hashing
and unigue values

enumeration

Input data
preparation

Training loop

Float feature
borders
calculation

Trained Model
export

Float features
quantization



[ NaBHbIN LMK 0By4YeHns

Train
single tree
Save -valuate
snapshot metrics

overfitting
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Ba)xHble MecTa B koge (0byyeHmne Ha CPU)

catboost/libs/algo/greedy_tensor_search.cpp
catboost/libs/algo/train.cpp
catboost/libs/algo/approx_calcer.cpp
catboost/libs/algo/score_calcer.cpp
catboost/libs/train_lib/train_model.cpp
catboost/libs/model/model.h
catboost/python_package/catboost/_catboost.pyx
catboost/python_package/catboost/core.py
catboost/R-package/src/catboostr.cpp
catboost/libs/options
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C++ B cTue Yandex



CTpYKTYpa peno3ntopus

Dan10Ba4

util/ - bnbnmortexka CUCTEMHbBIX NOUMUTMBOB: KOHTEMHEPSI, C
CUCTEMA, CTPOKU, KOONPOBKW, MOTOKM

l1brary/ - 6Gubnmotekmn obLiero Nnoab30BaHUA
catboost/ - rnaBHasg nanka c kogom npoekTa CatBoost

contrib/ - koo CTOPOHHUMX BMDOAMOTEK
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[ToMuTmMBbl 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> - XpPaHWUT yKa3aTeNb Ha ODBbEKTbI-
HacnenoHukm knacca TRefCounted 3koHOMMA Ha annokauUnmn
control-block




[Tomutmebl C++ (NoTOKM BBOAA/BbIBOAA)

util/stream/*

)

)

IInputStream - 0a30BbiM KNacC NOTOKOB BBOAA (Operator >>)

TOutputStream — 0a30BbIM KNACC NMOTOKOB BbIBOAA
(operator<<)

Cin-aHanorstd: :cin
Cout - aHanor std: :cout
Cerr —aHanorstd: :cerr

Endl - aHanorstd::endl
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[ToMuTmebl C++ (paboTa c pannamm)

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

util/system/fs.h

> NFs::Exi1sts() -npoBepkaHannyma danna/oampekropmm

J

> NFs::Copy() -«konumposatb dam
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[ToMmmnTUBbI C++ (KOHTEMHepbI)

util/generic/vector.h

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

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

> THashSet<T> - 3kBumBaneHT std: :unordered_set<T>
util/generic/set.h + util/generic/map.h

> TSet<T> - HachegHuk std::set<T>

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

util/generic/array_ref.h

> TArrayRef u TConstArrayRef - anbTepHaTuBa std::span
n3 C++20
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[TomMmuTmBebl C++ (CTPOKKN)
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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[TomMmmnTmBebl C++ (MCKNOYEHUS 1 accepThbl)

VIcknyeHns

> yexception - HacneoHumk std::exception

> ythrow — 00epTKaHag throw, 4obaBNAOLLLAA NHC

MecTe BpPOCaHNA UCKTIOYEHNW

> TString CurrentExceptionMessage() -
OMMCAHWME NCKTIOYEHUS

ACCepTbl M NPOBEPKU
> Y_ASSERT()

> Y_VERIFY()

EKC

HOPMaLMIO O

OBO€E
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[ToumuTmebl C++ (cepmanmlauyns)

B HalleM peno3nTopum napannenibHO COCYLECTBYIOT OBE CUCTEMDI
OVHapWM3aLMu

[lepBad npencrtaBneHa metogamMmm Save (IoutputStream*) u
Load (IInputStream®) 1 MakpoOCOM ANd UX aBTOreHepaumnm ang
NPOCTbIX CiyyaeB Y_SAVELOADC(...)

BTopad Heobxoamma ansg paboTbl cMcTtembl pacnpenenedHoro CPU
0by4yeHud. ITa CMCTEMa CepUanmM3aumm UCNoNb3yeT
T::operator&(IBinSaver?*) umakpoc SAVELOAD(..) And
aBTOreHepaLunm 3Toro onepaTopa.
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[ToumMmmnTmBbl C++

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

> TVariant - aHanor std::variant
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NckniouyeHusa B CatBoost koge

TCatBoostException — ©6a30B0O€E NCKIIOYEHME, B OT/INYME OT yexception
XPAHUT B Cebe CTEKTPENC

CB_ENSURE - aHanor Y_ENSURE, 6pocatoLm nckitoyeHmne
TCatBoostException



Code style

O0Wmm CTunb Koaa Ha C++:

https://github.com/catboost/catboost/blob/master/CPP_STYLE_G
UIDE.md

PaclumpeHme ctung ang catooost:
https://github.com/catboost/catboost/blob/master/catboost_com

mand_style_guide_extension.md

Python
PEP8 ©
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https://github.com/catboost/catboost/blob/master/CPP_STYLE_GUIDE.md
https://github.com/catboost/catboost/blob/master/catboost_command_style_guide_extension.md

OcobeHHoCcTU cbopkm C++

COopka — cTaTn4yeckas MMHKOBKa ¢ OnbnmnotekamMmm. MMHMMYM BHELLHWX
3aBVICMMOCTEN MO3BONAET PAabOTaTb Ha OOMbLUMHCTBE MNAaTOOPM U
ONCTOUNDOYTMBOB

CunctemMa cbopkm — ymake, yacTtb YyTUNUTHI ya. Llenn coopkun
OMMCbIBAOTCH B ya.make paniax

Be3ne, kpoMe nanok util/ n kona cuda anep paspeweH C++17/
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ya.make

LIBRARY() # npumep cTaTuyeckonm bubnmorteku
SRCS( # 3TOT MAKpPOC COAEPKUT CNUCOK eaUHUL, COOpKM

visitor.cpp

GLOBAL cb_dsv_loader.cpp # >ToT ¢damn byaeT C/AMHKOBAH B KOHEYHYHW Lenb cbopkm (Hanpumep, HYXHO ANS
KNaCCOB-perncTpaTopoB)

)

PEERDIR( # CnNnUCOK 3aBUCUMOCTEN B BuUAe NyTen OTHOCUTENIbHO KOpPHA peno3unTtopwus

Tibrary/dbg_output

catboost/11bs/quantization

catboost/11bs/quantization_schema

)

# MakpocC, BK/IWOYAWIWMKA FeHepaTop cepuann3aTopoB/Aecepunann3aTopoB A8 enum U enum class
GENERATE_ENUM_SERIALIZATION(visitor.h)

END()
25



KoMnmnnauns m 3anyck TeCcToB

KomaHpa cbopkm BMHAPHOro TapreTa:
./ya make {-r|-d} <target path>

[1na cOOPKM C CUCTEMHbBIM MMTOHOM 00OaBbTE KJTHOUM

-DUSE_ARCADIA_PYTHON=no -DOS_SDK=local -

DPYTHON_CONFIG=python

YT0ObI 3aMyCTUTb TECTbI, HY>XXHO YKa3aTb B ya make kioum -t (BKIoYaeT

3-config

TECTUPOBaHME) -A (3anyCkaeT BCe TECTbI)

./ya make -r catboost

/pytest python-package/ut

DNTTBTP TTO MMERHWM 3allTyCKaeMbIX TECTOB

KoY —F NO3BONdAEeT 3a4aThb ¢
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va ide

[1ng ynoobcTBa pa3paboTKkM MOXHO CreHeEPMPOBATb MPOEKT A1
JetBrains CLion nnun QtCreator c nomMmoulbto kKoMaHa . /ya 1de clion
i ./ya 1de gt COOTBETCTBEHHO
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Demo

28



Pewaem 3aaayy #4 n3 open_problems.md

> Ecnumlearning_rate ==0, To CatBoost oonxeH
opocaTb TCatBoostException. [106aBMTb B BanMaaLLMIO OMNLLAN.




OOHOBNAEM PENO3NUTOPUN N CO30AEM BETKY

kirillovs-osx2:catboost kirillovs$ git pull origin master
remote: Enumerating objects: 6, done.

remote: Counting objects: 100% (6/6), done.

remote: Total 6 (delta 5), reused 6 (delta 5), pack-reused 0
Unpacking objects: 100% (6/6), done.

From github.com:catboost/catboost

* branch master -> FETCH_HEAD

007193a5c. .ca3d15cd4 master -> origin/master

Updating 607193a5c. .ca3d15cd4

Fast-forward

catboost/cuda/targets/query_cross_entropy.h | 5 +++++

1 file changed, 5 insertions(+)

kirillovs-osx2:catboost kirillovs$ git push my_fork master
Counting objects: 6, done.
Delta compression using up to 8 threads.
Compressing objects: 100% (6/6), done.
Writing objects: 100% (6/6), 767 bytes | 767.00 KiB/s, done.
Total 6 (delta 5), reused 0 (delta 0)

remote: Resolving deltas: 100% (5/5), completed with 5 local objects.
To github.com:kizill/catboost.git

607193a5c. .ca3d15cd4 master -> master

kirillovs-osxZ2:catboost kirillovs$ git checkout -b check_zero_learning_rate
Switched to a new branch 'check_zero_learning_rate’
kirillovs-osx2:catboost kirillovs$ [§
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[TapcuHr onunm

brbnmnortexka onumn: catboost/libs/options

TCatBoostOptions - rnaBHbIM KA1ACC onumm obyyeHnd

TOption<OptionType> — 0bep

Ka C eANHNYHBbIM 3Ha4YeHWEM O

BJTOXXEHHOW CTPYKTYPOW C rpynnon onumnm

LN U



[TapcuHr onunm

NCatpoostOptions {
TBoostingOptions {
TBoostingOptions(ETaskType taskType)

Save(NJson::TJsonValuex options)
EL NJson: :TJsonValue& options)

TBoostingOptions& rhs)
TBoostingOptions& rhs)

Validate()

TOption< >

TOption< >

TOption<ui32>

TOption<ui32>

TOption<ui32>
TOption<TOverfittingDetectorOptions>
TOption<EBoostingType>
TCpuOnlyOption< >

TGpuOnlyOption<ui32>
TGpuOnlyOption<EDataPartitionType>




BHOCUM NpaBKU

w AW AW

diff ——91t a/catboost/11bs/opt1ons/boost1ng options.cpp b/catboost/libs/options/boosting_options.cpp
index b748dcd2a. .ce7204c3b 100644
--- a/catboost/11ibs/options/boosting_options.cpp
+++ b/catboost/11bs/options/boosting_options.cpp
@@ -4,6 +4,8 @@
#1nclude <catboost/libs/logging/logging.h>
#1nclude <catboost/libs/logging/logging_level.h>

+#1nclude <util/generic/ymath.h>
+
NCatboostOptions: :TBoostingOptions: :TBoostingOptions(ETaskType taskType)
. LearningRate("learning_rate", 0.03)
, FoldLenMultiplier("fold_len_multiplier", 2.0)
@@ -60,7 +62,11 @@ void NCatboostOptions::TBoostingOptions: :Validate() const {

¥

CB_ENSURE(! (ApproxOnFullHistory.GetUnchecked() && BoostingType.Get() == EBoostingType::Plain), "Can't use approx-on-

1f (LearningRate.IsSet()) {
CB_ENSURE(Abs(LearningRate.Get()) > std::numeric_limits<float>::epsilon(), "Learning rate should be non-zero");
1f (LearningRate.Get() > 1) {
CATBOOST_WARNING_LOG
< "learning rate 1s greater than 1. You probably need to decrease learning rate." << Endl;




[Nobasngem CLI TecT

test_zero_learning_rate():
train_path = yatest.common.test_output_path('train')
cd_path = yatest.common.test _output_path('train.cd"')

open(cd_path, 'wt').write(
'O\ tNum\n"*
"I\ tNum\n'
'2\tTarget\n')
np.savetxt(train_path, |

[0, |
[1, 1, 1]] ="\t'
= (CATBOOST _PATH, 'fit'
'—=f', train_path
'——cd’', cd_path
'——learning-rate', '0.0'
)
pytest.raises(yatest.common.ExecutionError):
yatest.common.execute(cmd)

cmd
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[1o6aBngem python-package tect

test_zero_learning_rate(task_type):
train_pool = Pool(TRAIN_FILE =CD_FILE)
model = CatBoost({

'learning_rate':

'loss _function': 'RMSE'
'task_type': task_type
'devices': '0'})
pytest.raises(CatboostError ='Learning rate should be non-zero'):
model.fit(train_pool)
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[ lpoBepsem HoBble TeCThl

kirillovs-osx2:catboost kirillovs$ yar -tA catboost/pytest catboost/python-package/ut/medium/ -F test.py::test_zero_learning_rate*
| | [TS] {meta.json ... results_accumulato

| | [TS] {meta.json ... results_accumulato
| | [TS] {meta.json ... results_accumulato

[TS] result.log
Number of suites skipped by name: 4, by filter test.py::test_zero_learning_rate*

Total 2 suites:
2 - GOOD
Total 2 tests:
2 - GOOD
0]
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KOMMUTUM 1 NYLWLWNM POPKHYTbIN peno3nTopuin

kirillovs-osx2:catboost kirillovs$ git branch

0.11.2
* check_zero_learning_rate

make_ya_1ide_work

master

v0.10.0

vd.8.1.1

v .9

v0.9.1.1
kirillovs-osx2:catboost kirillovs$ git commit -a -m "add zero learning rate check and tests"
[check_zero_learning_rate 76d2e662e] add zero learning rate check and tests

3 files changed, 39 insertions(+), 2 deletions(-)
kirillovs-osxZ2:catboost kirillovs$ git push my_fork check_zero_learning_rate
Counting objects: 12, done. e
Delta compression using up to 8 threads.
Compressing objects: 100% (12/12), done.
Writing objects: 100% (12/12), 1.73 KiB | 886.00 KiB/s, done.
Total 12 (delta 10), reused @ (delta 0)
remote: Resolving deltas: 100% (10/10), completed with 10 local objects.
remote:
remote: Create a pull request for 'check_zero_learning_rate' on GitHub by visiting:
remote: https://github.com/kizill/catboost/pull/new/check_zero_learning_rate
remote:
To github.com:kizill/catboost.git

* [new branch] check_zero_learning_rate -> check_zero_learning_rate
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[Ty6nunkyem pull request

Open a pull request

Create a new pull request by comparing changes across two branches. If you need to, you can also compare across forks.

t:l base repository: catboost/catboost ~ base: master v 4 | head repository: kizill/catboost ¥ compare: check_zero_learning_rate »

v Able to merge. These branches can be automatically merged.

add zero learning rate check and tests l

v,

WN =

@R

Write Preview M B | €€ <> ©

Before submitting a pull request, please do the following steps:

1. Read instructions for contributors [here]
(https://tech.yandex.com/catboost/doc/dg/concepts/development-and-contributions-docpage/).
2. Run 'ya make' in catboost folder to make sure the code builds.

3. Add tests that test your change.

4. Run tests using 'ya make -t -A° command.

5. If you haven't already, complete the CLA.

Attach files by dragging & dropping, selecting them, or pasting from the clipboard.

Allow edits from maintainers. Learn more Create pull request

Reviewers

Suggestions

andrey-khropov Request
dbakshee Request
Assignees

No one—assign yourself

Labels

None yet

Projects

None yet

Milestone

No milestone

Helpful resources

Contributing
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| [DO 3a0a4YKM CMIPUHTA



3a0a4mM CNPUHTA

https://github.com/catboost/catboost/blob/master/open problems/c
atboost clickhouse _sprint 02.02.2019.md

1. Enumtoreplace -X/-Y in CLI

2. Allow eval_period be any large, just cut it to ensemble size
3. Add eval_metrics() to R package

4. Add model.compare

5. Flag to ensure raw features data is not copied unnecessarily


https://github.com/catboost/catboost/blob/master/open_problems/catboost_clickhouse_sprint_02.02.2019.md

3apgaun, npoaonkKeHue

6. Weight in greedy binarization
/. Allow skip_train loss_function property in cv method
8. Per feature one-hot encoding

Q. sklearn check classifier

10. Implement "Generalized Cross Entropy Loss for Noise-Robust
Classifications»

11. Model calculation: possibility to write predictions to stdout
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3apgaun, npoaonkKeHue

12. Model calculation: possibility to write predictions to stdout
13. get borders from model in python

14. Improvements in documentation

15. Plot model decision tree in CatBoost Python API

16. python predict on single object

1/7.Model calculation is not able to read features from stdin
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3apgaun, npoaonkKeHue

18. Add CatBoostClassi

fier pred

methods to suppor

- petter s

iIct_log_proba and decision_function

Klearn AP]

19. Example of Kaggle GPU kernel in tutorials

20. Support passing feature names in cat_features



Yaayu!

CTaHncnas Knpmnnos

BenyLv Pa3padboTumkK CatBoost



