IML n XAl

VUHTEepPNpPeTUpyeMoe MallMHHOE 00yYeHne

HYI “MalumHHoe 06ydyeHne n coymnanbHbli KOMMbOTUHT" (anpesnb, 2020),
npoekt 20-04-024




Mopenw:
nepeBo

KnaccudmkaumoHHoe aepeBo
npeackasaHnst BbXKMBAEMOCTM Ha
TutaHuke

is age > 9.5?

E] is sex male? E]

survived

\ 0.73 36%
é is sibsp > 2.5?
0.17 61%

0.05 2%

0.89 2%



e

[laHHble

[NpenckasaHus

[MpenckasaHus

[MpenckasaHus

[NpenckasaHus




“YepHbIn AWKMK"
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Xacku Bonk

Ribeiro M. T., Singh S., Guestrin C. Why should i trust you?: Explaining the predictions of any classifier
(https://arxiv.org/pdf/1602.04938.pdf)






OTBeT: BOJIK

ANropuTM: BOJK







OTBeT: Xacku






OTBeT: BOJK

ANropuTM: BOJK

&







OTBEeT: Xacku

ANropuTM: BOJIK







OTBeT: Xxacku

ANropuTM: Xacku

v







OTBET: BOJIK
b ANropuTM: BOJK

Vv













MHTepnpeTnpoBaThb
HenHTepnpeTupyemoe



MHTepnpeTnpyemMoe
MaLLUMHHOEe obyyeHmne

YTO Takoe 3a4eM HY>KHbl KoMy HY>XHblI
MHTepnpeTaumm? MHTepnpeTaumm? MHTepnpeTaumm?
WHmepripemupyemocmes — e OBGocHOBaHWe NPUHATUA e Paspabotumkn mogenen
CTeneHb, 0 KOTOPOW YernoBek peLueHni MaLUMHHOro obyyeHuns
CNocobeH MOHATb NPUYUHBI . e Jliogu, npyHumatoLme
e BbisiBneHve cmelleHuii B
peLueHns peLueHns (Bpayu,
mMoaensax
MeHeXepbl)

Llenb uHmepnpemayuu — e BoinonHeHne TpeboBaHuii e [loTpebuTenu NpoayKkToB C
onvcaHne BHYTPEHHEeWN Nornku K “npospayHocTn” (GDPR) N

paboTbl CUCTEMBI



HoBoe HanpaBneHue

e AxTuBHO passuBaetcs: XAl (Explainable Al), Interpretable ML
e Cekunmn Ha BeayLMX KOHdepeHUUsIX:

(@)

(@)

(@)

0O o o o O O O

Al/ML & seeing through the black box (CHI 2020)

Coping with Al: not agAln! (CHI 2020)

Explaining Machine Learning Predictions: State-of-the-art, Challenges, and Opportunities
(NeurlPS 2020)

Algorithmic Fairness through the Lens of Causality and Interpretability (NeurlPS 2020)
Human-Centered Explainability for Healthcare (KDD 2020)

Interpretable Models (KDD 2020)

Explainable Models for Healthcare Al (KDD 2018),

Interpretable ML Symposium (NIPS 2017),

Explainable Al (IJCAI 2018),

Explainable artificial intelligence (XAl): Why, when, and how? (Strata Data Conference 2018)



O yem

e Kakue npob6nemMbl BO3HUKAIOT (3TMKA, 06LLLECTBO)

e [loaxoAbl K pellenunto: “‘nognpaBneHHble anropnutmbl”,
NCNONb30BaHNE TONIbKO MHTEPIPETUPYEMbIX MOAENEN

e “HapcTponka® MHTepnpeTaunm Ha YepPHbIN ALLKK



[nobanbHasa nHTepnpeTaums

1. OueHka 3Ha4YMMOCTM Npu3HakoB (importance), BblgeneHune
3HaYNMbIX
O 3aBUCHALLME OT MoAenu
O He 3aBUCsALME OT Moaenu (M3MeHeHMe KayecTBa
npeackasaHus)
2. WNccnepoBaHne U3MeHeHUs npeackasaHusa Npyu 3SMeHeHnn Kakou-
TO nepemMeHHom (ICE rpadukn)



3Ha4YUMOCTb NMPU3HaAKoOB

®

Seniority

Job

Amount

Assets

[ ]

Records

o

Income

Time

Home

Age
Marital

[

Price

Debt ——

Expenses —e

L

e

@

0.50

0.55

[
0.60

Importance

0.65

0.70




BusyanbHoe nccnegoBaHue nepeMeHHbIX

ICE (Individual Conditional Expectation) rpadwuku - nokasbiBatoT
N3MEHeHMe NpeacKasaHnsa Npu USMeHEeHUN OHON N3 NePEMEHHbIX



ICE rpacdumk: aoxop (rpaAnNeHTHbIN 6YCTUHT)
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ICE rpaduk: goxog (SVM)

800

600

400
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ICE rpacdumk: noxon v 3aaomxkeHHocTn (SVM)

0 200 400 600 800

Income colored by Records
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JlokanbHasa nHtepnpeTtaums

[no6anbHasa MHTepnpeTaLus noayv4aeTcsa OCTAaTOYHO
0606LLEeHHON "ycpeaHEHHON" MO BCEM AaHHbIM

XOTUM nccneaoBaTb KOHKPETHbIN NPUMeEp, MOHATb, Kakne
(hakTopbl NPUBENN K TOMY, YTO Y KJIMEHTA MSIOXON KPEAUTHbIN
cTaTyC (M KaK MOXXHO €ro U3MeHuTb)

[1ns oTBETa Ha Takne BOMNpPOChI CYLLECTBYOT anropuTMbl
NIOKaNIbHOM MHTEpNpeTaLunm



JlokanbHasa uHTepnpetayuna: LIME

MOCMOTPUM Ha OKPECTHOCTW Hallero npumepa. T.e. 6yaemM U3MeHATb
3Ha4YeHuUs NPeANKTOPOB ClTy4alHO U N3y4vaTb, KaK 3TO B/IUSET Ha
pesynbTart



LIME: npnénmxeHne B OKPECTHOCTMU
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PucyHok n3 MeToaa


https://github.com/marcotcr/lime

LIME: anropntm

reHepupyeM UCKYCCTBEHHbIE AaHHble BOKPYr Npumepa
nosiy4aem AN HUX Npeficka3aHue CornacHo Hallen Moaenu
UCMOJNb3yeM KaKyto-HUBYAb UHTEPNPETUPYEMYIO MOJENb
(nepeBo/perpeccuto), 4tobbl cBA3aTb 1 1 2. Ba)kHO: AaHHble
Mbl B3BELLUMBAEM -- T€, YTO BJINXKE K UCXOJHOMY NpUMepy
(cornacHo Kakom-H1byab MeTpuke 6M30CTH), BeCAT 60/blUe
UHTEPNpPETMPYEM pe3ynbTaThbl (CNpaBea/iMBO TONbKO A1
OKPEeCTHOCTM NpuMepa)



LIME: npumep, npeackasaHue - HeT anabeTta

Local explanation for class 1

BMI <= 27.50 |

99.00 < glucose <= 118.50 -
pregnancy <= 1.00 -
pedigree > 0.61 -

skin <= 0.00 -

insulin <= 0.00 |

64.00 < pressure <= 72.00 -

29.00 < age <= 41.00

-0.125-0.100 -0.075 -0.050-0.025 0.000 0025 0.050



He Tonbko LIME

higher 2 lower

model output value

0.06
-0.04 —0.02 0.00 0.02 004 0.6 0.08 010 012 014 0.16
STDs=1.0 IUD..years. = 6.0 ‘ STDs..number. = 2.0 Hormenal Contraceptives. years. = 7.0 Age =420
higher 2 lower
base value model output value
0.71
-0.2 =01 0.0 01 0z 03 04 05 0.6 07 0.8
) J ) ) ) '
J — - L
Rirst.sexual.intercourse = 17.0  Num.of pregnancies = 6.0 D =1.0 IUD..years. = 7.0 Age = 51.0 Smokes..years. = 34.0

Mpumep 13 KHUMM


https://christophm.github.io/interpretable-ml-book/shap.html

He Tonbko LIME

Accumulated Local Effects (ALE) Plot

SHAP (SHapley Additive exPlanations)

Anchors (oT aBTopoB LIME, Ho pe3ynbTaT B Buge npasun ECJZIN-TO)
KoHTp-npumepbl (“ecnu 1 UISMeHIo NpusHak X, To NpeAckasaHue
U3MEHUTCA Ha NPOTUBOMOJIOXKHOE")

[ToxoXxmne npumepbl

e BnuATenbHble HabMOAEHUS



WIN-win: BCe OT/INYHO

® CTPOMM CJIOXHbIA MHOFOYPOBHEBbI aHCaM6J1b C BbICOKOW TOYHOCTbH
(unu apyrown LeneeBon MeETPUKON)

® OBEPX CTPOMM UHTEpNpeTaLmto, YTOObl MOHATb, YTO HA YTO BAUSIET

e nobepa!

3ayemM HaMm Torga npocTble Mogenn?
A 3aueM HaM BCSAKME ANarHOCTUKN U T.4.7




YTOo MOXeT NMoOUTU He Tak

® 9T MEeTO/ibl UHTEPNPETUPYIOT MoAerNb, He peanbHOCTb (Apyras Moaenb -
npyrve BbiBoAbl)

e npubnamxeHue K npuénuxeHunto (“cnomaHHbln TenedoH")

e MoAenu MoryT 6bITb NIOXUMU (HU3KOE Ka4yecTBO) U MOJENN
WUHTEpnpeTaLmm Moaenen Toxe MoryT 6biTb MIOXUMMU

® HelpaBWJibHbl€ BbIBOAbl N3 MOAEJIU UHTEPNpETaLUnun

O  JIOKaJlbHble METOAbI AAlOT JIOKaJIbHYHO MHTEprnpeTauunto, HeJsib34 AesiaTb BblBOAbI B O6LLI,eM
o HET NOHMMAaHUA, YTO UMEHHO MoKasbIBaeT TOT UK MeToA / BU3yasinsayund



Hormonal.Contraceptives..years.
First.sexual.intercourse

Age

Num.of.pregnancies
Number.of.sexual.partners
Hormonal.Contraceptives
STDs..number.

IUD..years.

Smokes..years.

STDs
STDs..Number.of.diagnosis
Smokes

IUD
STDs..Time.since.last.diagnosis

STDs..Time.since. first.diagnosis

-0.1

0.0 0.1 0.2 0.3
SHAP value (impact on model output)

High

Low

Feature value

Mpumep 13 KHUMM
Interpretable

Machine Learning



https://christophm.github.io/interpretable-ml-book/shap.html
https://christophm.github.io/interpretable-ml-book/shap.html

[lTone3Hble CCbINKU

by Christoph Molnar
(npumepbl B python)
6nbnmnoTeKa

(pyc) (04YeHb
KOPOTKOE BBEIEHNE)


https://christophm.github.io/interpretable-ml-book/
https://towardsdatascience.com/explainable-artificial-intelligence-part-3-hands-on-machine-learning-model-interpretation-e8ebe5afc608
https://github.com/marcotcr/lime
https://www.oreilly.com/content/introduction-to-local-interpretable-model-agnostic-explanations-lime/
https://habr.com/ru/company/otus/blog/464695/

