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* O yeMm 3T0 BCe

* KOMY 1 3a4eM 3TO HY>XHO

* B yeM CNO>XXHOCTb

« KaKk cgeslaTb X0poLlo

« Kak penatoT 3To € Tabamnmdykamm
 KaK fgeniatloT 3TO C KapTUHKaMu
* YTOo Nno4ynTaTb 1 BOMPOCHI



BeLlln CTann ymHee

 Anunca, Mapyca n nx 3arpaHuyHbie noapyXKu
* YMHbIe PO3eTKU

* Tynble byxrantepckme nporpamMmsl

« CamoaBmxyLimecd MallnHbI
 ABTOMaTn4eckKune WwrTpadbl 3a NnpeBbilUeHne
 KpeaunTHbIN, KaapoBbin N CynedbHbI CKOPUHT
* PeKomMeHOaTeJibHble CuCcTeMbl NPOCTO Be3ae



ANNOPUTMbl 3aMEeHAT /0L

"KTO E MX BCEX

~ HHTEPNRETMPOBATb BYAIET?




KaK Obl/10 B APEBHOCTV

* Jltoan cobpann oaHHbIE

* BblABUJIN 3aBUCMOCTN

* Hanmncanm nporpamMmmy

* [ge-To ownbnunceb, 4HTO-TO NPOTECTNPOBAJIN
* [ToYTW He rNYHNT

* Mbl NOHNMaeM, Kak OHO paboTaeT!

* OcobeHHO NoKa nNporpamMmMa MasieHbKas



Kak cenyac

* Cobpanu npnmepsl
* KaK-TO pa3MeTunnu
* [lepemeLltanmn ionaToun

 ABTOMATUNYECKW
creHepupoBan nporpamMmmy

e OHa 4YTO-TO BblaaeT
* Ypa!

THIS 15 YOUR MACHINE LEARNING SYSTEM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE CTHER SIDE.

WHAT IF THE ANSWERS ARE WRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

ByKBaJIbHO — NepBblE PEKYPPEHTHLIE HENPOHHbLIE CETU TaK KU paboTanu



https://en.wikipedia.org/wiki/Echo_state_network
https://xkcd.com/1838/
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[lporpammmpoBaHmne 2.0

* Andrej Karpathy, Software 2.0
» XopoLuo:
- Mo)xeM ObICTPO AenaTh CJZIOXKHbIE MPOrpamMmmsbl
* [1noxo:
- HUKTO TONIKOM He NMoHMMAaEeT, KaK OHM paboTatoT
* Bnipo4yem:

- Mbl U paHblLUe HEe NMOoHWUMasN, HO paHbLUe A8 3TOro
HY>XHO OblJ10 HECKOJIbKO N1eT paboThl.


https://medium.com/@karpathy/software-2-0-a64152b37c35

3a4eM 3T0 BCe NMoHMMaTb?

+ OHO XKYJIbHUYaET CAMbIE JKHBbIE dPA3bI B HU3HK
* OHO yYnTCAa NJIOXOMY N s \
r .
» OHO CTpaHHO paboTaeT Va
- OHO HenpeacKasyemo MbLBAM nusfﬁ"ny_m_,ﬂ Iillml MHOGHTh TESA BCEF?
PalioTaer

* OHO 4YTO-TO 3HaeT
* Ero Obl ynyylwinTb %\ e
* A 4yero oHo BooOOLLeE...




eXplainable Al

= We are entering a new
age of Al applications

+ Machine learning is the
core technology

+ Machine learning models
are opague, non-
intuitive, and difficult for

people to understand

DoD and non-DoD
Applications
Transportation

Security
Medicine
Finance

Legal
Military

« Why did you do that?

« Why not something else?
« When do you succeed?

« When do you fail?

= When can I truskt you?

« How do I correct an error?

Explainable Artificial Intelligence (XAl)


https://www.researchgate.net/publication/331216906_DARPA's_explainable_artificial_intelligence_XAI_program

KOorfga He HY>XXHO

 BanaHme mogenn mano

* [1pobnema xopowo pa3paboTaHa

 Knacc mogenen LWMpPoKoO npuMeHsaeTcs
- JINHEeNHbIe Mo enu

* XOTUM CKPbITb aJITOPUTM

~ CKOPWHT
- paH>X1UpoBaHUe
- OUEeHKa KayecTBa
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H4T0 BOODLLE DbIBaAEeT

* KNN

* JINHenHble Moaenu
» IlepeBbA
 AHCaMbnn Mmopeneu
* HempoHHbIe ceTu
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xopowee obbacHeHNne

» JlokanbHOEe — no4yemy emMmy He faJim KpeouT
* [nNobanbHOE — KOMY BoOOLLE NalOT KpeguThl
 CeneKTnBHOE — TOJIbKO Ba>XHble MPU3HaKW
* HenpoTmBopeinsoe — HEeT KOHTpPNpUuMepos
* NTHbopMaTUBHOE — MOXXHO 4YTO-TO caenaThb
* [lOHATHOE o4 NoJsib3oBaTens
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BapUaHTh

* 3aMNpPeTuTb CJIOXKHbIe Mo enu

* [locMOTpEeTb BHYTPb Mo4esien
 CnpocnTb Yy caMon Mmoaesin (Ba>XHOCThb)
 CypporatHbie mooenn — Hanpumep, LIME
 SHAP, nnm Hay4HbIl NOAOXO0MO K OeNexKe
 CBOM noaxonbl oA HEUMPOHHbLIX ceTeun

* CneumnalibHble «0bbACHUMBIE» MOOENN
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HanpuMmep, pocT pebeHka

HYen poCT BaxHee?
* CpeoHnn
 MamMa
* [lana

[ aMUNIbTOH,
perpeccus

https://twitter.com/thefemalenatsu/status/1153018836335173633
16



BHYTPW MOOeny




Ba>XHOCTb 14 MOOenu

Gradient Boost Feature Importances

powerTotal
sessionCount 4
powerCards 4
questsCompleted 4
pointsWar 4
powerCity 4
pointsWarHighest 4
deckSize B
powerTroop q
powerQuests Bl
playerinAlliance 4
powerResearch 4
powerMonsterSkill 4
pointsSupport 4
powerMap 1
totalBattles B
playerlsGuest 4
pointsConquest 4
battlesWonPvE 4
registeredEmail 4
battlesLostPvE 4
castleLevel B
battlesWon B
FTUEONRailsCompleted 4
battlesLost R
heroLevel 4
powerHero 4
isVip 1
FTUEDayOneReturnintroCompleted 4
basesDefence 4
FTUEDayOneReturnCompleted 1
basesFrontier B
basesResource B
FTUEIntroCompleted 4
purchasedGoldTotal 4
battlesLostPvP 4
battlesWonPvP 4
basesCatapult 1

0.0 0.2 0.4 0.6 0.8 1.0
Relative Importance
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[TpobieMbl «Ba>XHOCTW»

 Bce cynTaloT No-pa3HOMY

* HackoJsibKO npu3Hak ob1 yoobeH ong moaoenu
 HeycTton4ymBa (npun nepeodbyyeHnn meHaeTCs)

* HemHdopMaTuBHa (4TO N3MEHUTCH, ecnun...)

« HenokanbHa (BNpo4yeM, «06beKTHAs Ba>XHOCTb>»)
* CamMo no cebe HenHTeprpeTupyemo

« CatBoost monopel

19



| IME — J10KaJlbHBIE Cypporarthl

* JIokasibHasa cyporaTtHasa Mmogenb
* IHTepnpeTnpyemMasa cenekKTnBHasa Mmoaesb

* NlH(bopMaTuBHa A8 HEBOSIbLLNX N3MEHEHNN

Actual prediction: 0.88
LocalModel prediction: 0.44

temp=11.86

weathersit=GOQOD

0.0 0.1 0.2 0.3 0.4
effect

20



| IME — TeKCT

* For Christmas Song visit my channel!

case

label _prob
0.1701170
0.1701170
0.1701170
0.9939024
0.9939024

0.9939024

feature
good
PSY

a
channel!
song

Christmas

;)
feature_weight
0.000000
0.000000
0.000000
6.180747

0.000000

0.000000
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| IME — cyneprnmnkcenu

(a) Original Image (b) Explaining Electric guilar (c) Explaining Acoustic guitar  (d) Explaining Labrador

It's not a Lab in the picture, it's a Golden Retriever (a light colored one)




Shapley Values

https://clearcode.cc/blog/game-theory-attribution/
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https://clearcode.cc/blog/game-theory-attribution/

ey Values & SHAP

higher & lower

base value model output

14.34 16.34 18.34 20.34 22.34 2441 26.34 28.34 30.34
PTRATIO = 15.3 ‘ LSTAT = 4.98 RM =6.575 ' NOX = Om‘ RAD = 1

24



SHAP — rnobanbHbIN

LSTAT
RM
CRIM
NOX
DIS
PTRATIO
B

TAX
AGE
INDUS
RAD
ZN
CHAS

-8

-6

T
SHAP value (impact on model output)

CHAS

Low

0.0 0.5 1.0 15 2.0 25
mean(|SHAP value|) (average impact on model output magnitude)
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SHAP — BAnaQLLINE TOYKW

dowitcher red-backed sandpiper

meerkat mongoose

- ;

e emew e, , T N

—0.006 —0.004 —-0.002 0.000 0.002 0.004 0.006
SHAP value
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Grag-CAM

Guided Backpropagation

Rectified Conv FC Layer
Guided Backpropagation Feature Maps Activations

Guided Grad-CAM

Cc | Tiger Cat

Grad-CAM

y
http://gradcam.cloudcv.org/

27


http://gradcam.cloudcv.org/

(b) Guided Backprop “‘Cat’”  (c) Grad-CAM ‘Cat"  (d)Guided Grad-CAM *Cat’  {e) Occlusion map ‘Cat”  (f) ResNet Grad-CAM “Cat’

{£) Original Image (h) Guided Backprop ‘Dag’ (1) Grad-CAM ‘Dog” (] )Guided Grad-CAM ‘Dog’ {ll.} Occlusion map ‘Dog’ (1 }ResNet Grad-CAM ‘Dog’

https://arxiv.org/abs/1610.02391
28



https://arxiv.org/abs/1610.02391

/ICTOPWNA KaPTUHOK

2013 — KapTbl 3Ha4YMMocCcTK Saliency maps

2018 — KapTbl He paboTatloT

- Saliency map AoJs1>KHa 3aBUCeTb OT BECOB CETKU, HO HET

- Saliency map AoJ/1>KHa 3aBUCeTb OT 3aKOHOMEPHOCTEN,
KOTOpble eCTb B AaHHbIX, HO HET

2017 — KapThbl akTuBauunm HEMPOHOB

2020 — Concept Activation Vectors

2017 — Network Dissection, ecnn npuMepbl eCTb
2016 — CuHTE3 NnpuMepoB A1 00 bACHEHNN

29


https://arxiv.org/pdf/1312.6034.pdf
https://papers.nips.cc/paper/8160-sanity-checks-for-saliency-maps
https://distill.pub/2017/feature-visualization/
https://arxiv.org/pdf/1711.11279.pdf
https://arxiv.org/pdf/1704.05796.pdf
http://papers.nips.cc/paper/6519-synthesizing-the-preferred-inputs-for-neurons-in-neural-networks-via-deep-generator-networks.pdf

OTCl00a HECKONTbKO MOopasien

* YyeHble He yuTatoT paboT apyr aopyra

* Bce yKpaoeHo 00 Hac

* [1n9 KapTUHOK 00bl4HO XBaTaeT Grad-CAM
 1na Tabnnyek obbi4yHO XxBaTaeT SHAP

* Your mileage may vary

30



« SHAP

* LIME

* Treelnterpreter
» Alibi

 Anchor

* Interpret

31


https://github.com/slundberg/shap
https://github.com/marcotcr/lime
https://github.com/andosa/treeinterpreter
https://github.com/SeldonIO/alibi
https://github.com/marcotcr/anchor
https://github.com/interpretml/interpret

[ l0UIalb U @CMOT e b

o IbAKoHOB, IHTepnpeTaunm 4YEPHbIX-ALLNKOB
* Becker, Machine Learning Explainability

* Molnar, Interpretable Machine Learning

* Google Explainable Al

 Model interpretability in Azure

» Toward Trustworthy Al Development, arXiv

» Stop Explaining BB Models, arXiv


https://dyakonov.org/2018/08/28/%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D1%80%D0%B5%D1%82%D0%B0%D1%86%D0%B8%D0%B8-%D1%87%D1%91%D1%80%D0%BD%D1%8B%D1%85-%D1%8F%D1%89%D0%B8%D0%BA%D0%BE%D0%B2/
https://www.kaggle.com/learn/machine-learning-explainability
https://christophm.github.io/interpretable-ml-book/
https://cloud.google.com/explainable-ai/
https://docs.microsoft.com/en-us/azure/machine-learning/how-to-machine-learning-interpretability
https://arxiv.org/abs/2004.07213
https://arxiv.org/abs/1811.10154

Cnangbl TyT [} dkolodezev
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https://kolodezev.ru/download/slides-sborka-2020.pdf
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