MalwunHHOe obyyeHune:
KNaccuyeckme meToabl U
OTKPbITble BOMNPOCHI

EsreHn CoKonos

daKynbeTeT KOMNbIOTEPHLIX HAayK HUY BLUS



O 4ém BOODOLLE 3TO BCE?



[TpaBMNOBbLIM MALLMHHbBIWM NEPEBO/,

* KaKk caenaTb cepBuc AnA nepesoga, €C/iM Hago nNpaAmo cendac?



[TpaBMNOBbLIM MALLMHHbBIWM NEPEBO/,

* KaKk caenaTb cepBuc AnA nepesoga, €C/iM Hago nNpaAmo cendac?

* [lepeBoa NO cChoBam

* [pammaTnyeckue npaBuna
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TekcT 1 Ha pyccKom ) TeKcT 1 Ha aHIMICKOM
TeKcT 2 Ha PYCCKOM ) TeKcT 2 Ha aHMIUIACKOM

TeKcT 3 Ha PycCKOM ) TeKcT 3 Ha aHINIACKOM



HenpoceTeBOM MalLMHHbBIVM NEpPeBO/
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* Moaenb — popmysia AN aATOPUTM ANA PELLIEHUNA 3a43a4M
* [lapameTpbl — «PYYKN», BAUAIOLLIME HA NOBEAEHME MOAENU
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NOAKPYTUTb NapameTpbl!
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Mo ouepeam npoaenbiBaem 418 BCel

BbIOOPKK, MOKa OLWMOKA YMEHbLUaeTcH



bonee popmanbHO

1
Qw) = ) L(ya(x,w)) > min

* X;,¥; — OO6BEKT M NPaBU/IbHbIN OTBET
* a(x,w) — mogenb c napameTpamm w

* L(y,z) — dyHKUMA NoTepb
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Kak paboTtaTb C
M300parkeHnaIMn??



[TonHumn 1: end-to-end obyyeHume
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[TonHumn 1: end-to-end obyyeHume

[leTeKkuna o6bEeKTOB cerogHA:
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[ToHUWMN 2: MHOTOKpaTHOE 13BJ/1evyeHune
NMPWU3HAKOB
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MaKCMMyM CBEPTKM MHBAPUMAHTEH K CABUTaM
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CBEPTKM B KOMMbIOTEPHOM 3PEHUNM
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Horizontal Sobel kernel

https://towardsdatascience.com/intuitively-understanding-convolutions-for-deep-learning-1f6f42faeel



https://towardsdatascience.com/intuitively-understanding-convolutions-for-deep-learning-1f6f42faee1

CBEPTKM B KOMMbIOTEPHOM 3PEHUNM
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https://ai.stanford.edu/~syyeung/cvweb/tutoriall.html



https://ai.stanford.edu/~syyeung/cvweb/tutorial1.html

CBEPTKM B KOMMbIOTEPHOM 3PEHUNM

Original Blurred

https://docs.opencv.org/master/d4/d13/tutorial py filtering.html



https://docs.opencv.org/master/d4/d13/tutorial_py_filtering.html

CBEpPTOYHbIEe ceTH

* 13 n3obpaxeHna BblaenatoTcs BCE 6o0see BepxXHEeypoOBHEBbLIE
NPU3HAKMN C NOMOLLbIO CBEPTOK

* OUNbTPLI B CBEPTKAx obyualorca



CBEpPTOYHbIe CeTu

| .».».».» -

Kakune menkune Kakue KpynHbie Kakou ¢popmbl
reomeTpuyeckme  reomeTpuyeckme  yablbKa, OTKPbLIT
dUrypbl ectb Ha dburypbl ectb Ha /1K POT,
doTorpadun? doTorpadun? NPUKPbITbI /N

rnasa?



4YTo BUAAT QUNLTPLI?

https://arxiv.org/abs/1311.2901



https://arxiv.org/abs/1311.2901
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https://arxiv.org/abs/1311.2901



https://arxiv.org/abs/1311.2901

4YTo BUAAT QUNLTPLI?
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https://arxiv.org/abs/1311.2901



https://arxiv.org/abs/1311.2901

YT0 BUAAT PUALTPLI?

https://arxiv.org/abs/1311.2901



https://arxiv.org/abs/1311.2901

YT0 BUAAT PUALTPLI?

https://arxiv.org/abs/1311.2901



https://arxiv.org/abs/1311.2901

MaKcnmmnsa LA BEPOATHOCTUN RKJZIdCCd

https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html



https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html

MaKcnmmnsa LA BEPOATHOCTUN RKJZIdCCd

Towers & Pagodas Buildings Birds & sécts

https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html



https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html

MaKcnmmnsa LA BEPOATHOCTUN RKJZIdCCd

https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html



https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html
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HeobOblYHble CBOWCTBA
PYHKLMWN NOTEPDL



OYHKLUMA NOTEPD

1
Qw) = ) L(ya(x,w)) > min

* X;,¥; — OO6BEKT M NPaBU/IbHbIN OTBET
* a(x,w) — mogenb c napameTpamm w

* L(y,z) — dyHKUMA NoTepb



[ MnoTe3a KOMNAKTHOCTU




KNN: oby4yeHune

 laHo: obyyatowas Bbibopka X = (x;, y; f=1

* 3apava kKnaccudmKkauma (oteetol M3 mHoxkectBa Y = {1, ..., K})

 ObyyeHmne moaenn:

* 3anomuHaem obyyatoulyto BbIbOpKy X



KNN: npumeHeHune

[1aHO: HOBbI OOBEKT X

[lpumeHeHUe moaenu:

e CopTtmpyem obbeKkTbl QbyyatoLein BbIDORKM MO pacCTOAHMUIO A0 HOBOro obbeKkTa:
p(xxw) S p(xx) < < p(x,xee)

* Bblbupaem k 6anKanWNX OOBEKTOB: X (1), -.., X (k)

* Bbigaém Hanbonee nonynsApHbIN Cpeay HMUX Knacc:

k

a(x) = argmax 2 @ =]

1=1



KaK BblbpaTtb k7

1-nearest neighbours 20-nearest neighbours

https://kevinzakka.github.io/2016/07/13/k-nearest-neighbor/



https://kevinzakka.github.io/2016/07/13/k-nearest-neighbor/

Obobwatroaa CnoCoOBHOCTL

KaK roToBUTbCA K 3K3aMeHY?

3ay4nTb BCe NPUMEpPbI C Pa3obpaTbcs B npeameTe u
3aHATUMN YCBOUTb a/ITOPUTMbI PeLLeHuUS
3a,4au




Obobwatroaa CnoCoOBHOCTL

KaK roToBUTbCA K 3K3aMeHY?

3ay4nTb BCe NPUMEpPbI C Pa3obpaTbcs B npeameTe u
3aHATUMN YCBOUTb a/ITOPUTMbI PeLLeHuUS
3a,4au

[MepeobyueHune (overfitting) ObobuweHune (generalization)




Obobwatroaa CnoCoOBHOCTL

KaK roToBUTbCA K 3K3aMeHY?

3ay4nTb BCe NPUMEpPbI C Pa3obpaTbcs B npeameTe u
3aHATUMN YCBOUTb a/ITOPUTMbI PeLLeHuUS
3a,4au

[MepeobyueHune (overfitting) ObobuweHune (generalization)

Xopolluee Ka4yecTBo Ha 0byyeHnu Xopoluee KayecTBo Ha 0by4yeHUn
Hu3Koe KauyecTBO Ha HOBbIX AaHHbIX Xopollee Ka4yecTBO Ha HOBbIX
NaHHbIX




OTnoxxeHHasa BbIbOPKa

ObyyeHune Tect




OTnoxxeHHasa BbIbOPKa

ObyyeHune Tect

e Chanwkom bonbuioe O6yqul/|e — TecToBafd BbI60pKa Hepenpe3eHTaTUBHA

* CAnWwKom 6onblLOM TECT — MOAEeNb HEe CMOKET 0byunTbeA

 O6blyHO: 70/30, 80/20



[Toabop Ymncna cocenen
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http://www.machinelearning.ru/wiki/index.php?title=MO



http://www.machinelearning.ru/wiki/index.php%3Ftitle=%D0%9C%D0%9E

YTO ecnu yBenn4ymBaTb YMC/1I0 NAapPaMeTpoB?
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https://arxiv.org/abs/1912.02292



https://arxiv.org/abs/1912.02292

YTo ecnm NpPoAOIKATb TPAAMEHTHbBIN CMYCK?
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https://arxiv.org/abs/1912.02292



https://arxiv.org/abs/1912.02292

IPPEKT ABONHOTO CMYCKa

Tpun pexxnma pabotbl mogenen:
* HegonapameTpmU30BaHHbIN PEKMM
* CTaHAAPTHbIN peXum

* [lepenapameTpM30BaHHbIN PEXKUM



Penbed GyHKUMM NOTEPL

Il

MINMA/

|

MODE CONNECTIVITY
OPTIMA OF COMPLEX LOSS FUNCTIONS CONNECTED BY SIMPLE CURVES OVER
WHICH TRAINING AND TEST ACCURACY ARE NEARLY CONSTANT




PekomeHaaTe/ibHble CUCTEMBI
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User-based collaborative filtering

Bugeo
1 1 0 1
0 1 1
[lonb3oBaTenu 1 1
1 1 0
1




User-based collaborative filtering

Bugeo
1 1 0 1
0 1 1
[lonb3oBaTenu 1 1
1 1 0
1




User-based collaborative filtering

Bugeo
1 1 0 1
0 1 1 1
[Toxoxxue
Mnonb3oBaTenmn
[Tonb3oBaTenu 1 1 0
1 1 0
1 1




User-based collaborative filtering

Buaeo
1 1 1
0 1 1
[ToxoxKue
nosib3oBaTenu
[Tonb3oBaTenu 1 1 0
1 0
1 1




User-based collaborative filtering

* PelwleHne YNCTO aBPUCTUYECKOE
* MOXHO nn nyyuwe?



BeKTopbl MHTEpecos

* 1N Nonb30BaTeNss — HACKO/IbKO OH MHTEpecyeTcs KaXabiM XaHPOM
e 1N pMAbMa — HACKONbKO OH OTHOCUTCA K KaXKAOMY *KaHpy

(0.13,0.45,...,0.08, ...)

.




PenTUHr

* I'Ipe,u,nonomeHme: 3dnNHTEPEeCOBaAHHOCTb onpeaenaeTCA Kak
CKRanApHOe nponssegeHme BeKTopos NnoJsib3oBates1d 1 (I)VI!'IbMa

(0.1,0.5,0.01,0.92)%(0,0,0.1,0.95) = 0.875

(0.1,0.5,0.01,0.92) x (0.9,0,0,0.1) = 0.182




Moaenn co CKpbITbIMY NEPEMEHHbIMU

* O6yunMm BEKTOpP P, ANA KaxKA0ro noab3osBaTena u
* O6yuMM BEKTOP q; ANA KaxKAoro ToBapa i

° OLI,EHKa I'IpVI6JWI)KaETCFI UX CKaJIAPHbIM NponssegeHnem:
Tui =~ <pu' Qi>

* Haxoaum BEKTOPbLI TO/ZIbKO MO U3BECTHBIM OLUEHKaM

* [locne 3Toro MoXKem npeackasatb OUeHKY Ans 11060 napbl
«NONb30BaTeNb-TOBAP»



Moaenn co CKpbITbIMY NEPEMEHHbIMU

* ONTMMM3ALMOHHAA 3aa4a:

* PeweHune: rpaaneHTHbIN cniycK, Alternating Least Squares (ALS)
Apyrue metoabl



Moaenn co CKpbITbIMY NEPEMEHHbIMU




Moaenn co CKpbITbIMY NEPEMEHHbIMU

(0.9,0.05) (0.02,1.1) (1.05,0.01)

(2.1, 5) 7 5
(4.6, 0) 5 4
(0, 1) 1

(4.9, 0.9) 1 5




KonnabopaTtneBHasa duabTpaLma

e 1eCATKM MUNJIMOHOB NO/Ib30BaTENEN U COTHU TbICSY BUAEO
* Hy}KHO YyMeTb CTPOUTb BEKTOPbI 04eHb ObICTPO U pacnpenenéHHO



Pesrome

* MalwwunHHoe obyyeHne — noabop aaropntTma nNoa AaHHbIE
* MHOro MHTEepecHbIX NOAX0A0B ANA TEKCTOB, KAPTUHOK, 3BYKA
* B ocHOBE Ne}XMUT MHOTO MaTEMATUKU N a/ITOPUTMOB

tg: @esokolov
esokolov@hse.ru
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