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lNpaBuna urpsbi



13 nekunii

12 onpocoe no 5 6annoe B Havane Nekuum

- 8 pomawHux 3aganuii no 20 6annoe npu cgade B nepsyto Hegesnto, 10
6annoB Npu chaye BO BTOPYIO HEAENO

- Dk3ameH 180 bannos

- Ouenkn 3a kypc: 300 bansos — otanyHo, 250 bannos — xopowo, 200
6ansioe — yAOBNETBOPUTESBHO



MawunHHoe oby4eHne



YT0 Takoe MawmnHHoe oby4eHune?

Arthur Samuel (1959)

Field of study that gives computers the ability to learn without being
explicitly programmed.



Yem oTanyaeTcs 3agayva HailTu KpaTyaiwuii nyTb B rpadpe ot

aHTucnam cunbtp?



NpumeHeHne malwMHHOIO

obyuyeHus



Pekomenpgauun

Ecnu1 BaM NOHPABHACA 3TOT BHAbLM, HE NPOMYCTHTE

3Be3nHbIA NYTh

Star Trek

Recommender system

Crpamia FanakTmem

Guardians of the
Galawy

Craprpex:
Boamesnue

Star Trek Inko
Darkness

i

Muccus

«CapeHnTH:>
Sereniby

Maroi-omu:
3eE30Hbe BOAHBL,
McTopuu
Rogue One



MNHdopmaumnoHHblii nonck

AHACKC B sarpyensan xaprmnea Haiimm

NOMCK KAPTMHKM BULEO KAPTH MAPKET EWE

Information retrieval



Mopgnuce nsobpa>keHuii

"black and white dog jumps over "young girl in pink shirt is
bar’ swinging on swing."

Image captioning

"man in blue wetsuit is surfing on
wave."



AHann3 ToHaNbHOCTU TEKCTa

) L :
Despite - ca n't . 4
© @ ® @

a  pleasant experience support

(o)

the many reviews  that _

a great  restaurant

Sentiment analysis 8



ABTOMaTn4eckuii nepesoy,

Mork — Dark

T
XL COOKIES).

Instant translation 9



THbIA aBTOMOOUNb

Self driving car 10



Kakas matemaTuka

noHagoburtca



Kakasa maTtemaTtuka noHagoburca?

— JluneiiHasi anrebpa

11



Kakasa maTtemaTtuka noHagoburca?

— JluneiiHasi anrebpa

— Teopus BeposiTHOCTU
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Kasd MmaTeMaTuka n0Hap,06 Tca?

— JluneiiHasi anrebpa
— Teopus BeposiTHOCTU

— MaTtematuyeckas ctaTuctumka
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Kasd MmaTeMaTuka n0Hap,06 Tca?

— JluneiiHasi anrebpa

Teopus BeposiTHOCTM

— MaTtematuyeckas ctaTuctumka

HunckpeTHas maTemaTuka
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Kasd MmaTeMaTuka n0Hap,06 Tca?

— JluneiiHasi anrebpa

Teopus BeposiTHOCTM

— MaTtematuyeckas ctaTuctumka

HunckpeTHas maTemaTuka

— MeTogabl onTummnsayun

11



Kro y>Xe ncnoJsib3oBazl metTobl

MaLlUNHHOro odbyyeHuns?




JocTtato4yHo nn 3HaThL

anroputmbl ML n matemaTtunky?




Y10 eule Hago NOHNMATL

— Korga Hago npumenste ML

12



Y70 eule Hago NOHMUMATDL

— Korga Hago npumenste ML

— Kak cchopmynupoBaTs 3agady B tepmuHax ML
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Y70 eule Hago NOHMUMATDL

— Korga Hago npumenste ML

— Kak cchopmynupoBaTs 3agady B tepmuHax ML
— Kak BbIbpaTb nogxoasuwmii Knacc ajaropuTMoB
— [fe nocMOTpeTb CyLLECTBYIOLLNE PELLIEHUSI

- Kak HACTPOUTb aJropnT™m

12



Y70 eule Hago NOHMUMATDL

— Korga Hago npumenste ML

— Kak cchopmynupoBaTs 3agady B tepmuHax ML
— Kak BbIbpaTb nogxoasuwmii Knacc ajaropuTMoB
— [fe nocMOTpeTb CyLLECTBYIOLLNE PELLIEHUSI

— Kak HacTpouTs anroputm

— Kak oueHuUTb pesynbTaThl

12



HemHoro uncropun




Nctopusa ML

1958 Frank Rosenblatt cozgaeT nepByto MCKYCCTBEHHYIO HEPOHHYIO CETb
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Nctopusa ML

1958 Frank Rosenblatt cozgaeT nepByto MCKYCCTBEHHYIO HEPOHHYIO CETb

1959 Arthur Samuel cosgaer nepeyto camoobyuaroLLyocs LalleyHyo
nporpammy ansa IBM 701

1963 Larry Roberts cchopmynupoBan Te3uCbl KOMMbIOTEPHOrO 3peHNs

1973 James Lighthill. "WickyccTeennbiii nHtennekt: Obwunii 063op"
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Nctopusa ML

1958
1959

1963
1973
1986

Frank Rosenblatt cozgaeT nepeyto MCKYCCTBEHHYHO HEAPOHHYIO CETb
Arthur Samuel co3gaer nepeyto camoobyuatoLLyocs LWaleyHyo
nporpammy ansa IBM 701

Larry Roberts cchopmynuposasn Te3ucbl KOMMLIOTEPHOIO 3peHust
James Lighthill. "VickyccTBenHbiii untennekt: Obwmii 0b3op"
David Rumelhart u Ronald Williams 3aHoBO oTKpbIT 1
Nonyisipu3MpoBaH anropuTM obpaTHOro pacnpocTpaHeHust owmnbKm

13



Nctopusa ML

1958
1959

1963
1973
1986

1997

Frank Rosenblatt cozgaeT nepeyto MCKYCCTBEHHYHO HEAPOHHYIO CETb
Arthur Samuel co3gaer nepeyto camoobyuatoLLyocs LWaleyHyo
nporpammy ansa IBM 701

Larry Roberts cchopmynuposasn Te3ucbl KOMMLIOTEPHOIO 3peHust
James Lighthill. "VickyccTBenHbiii untennekt: Obwmii 0b3op"
David Rumelhart u Ronald Williams 3aHoBO oTKpbIT 1
Nonyisipu3MpoBaH anropuTM obpaTHOro pacnpocTpaHeHust owmnbKm
Komnbtotep Deep Blue obbirpan yemnuoHa mupa no waxmaTam
lappu Kacnaposa
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Nctopusa ML

1958
1959

1963
1973
1986

1997

2006

Frank Rosenblatt cozgaeT nepeyto MCKYCCTBEHHYHO HEAPOHHYIO CETb
Arthur Samuel co3gaer nepeyto camoobyuatoLLyocs LWaleyHyo
nporpammy ansa IBM 701

Larry Roberts cchopmynuposasn Te3ucbl KOMMLIOTEPHOIO 3peHust
James Lighthill. "VickyccTBenHbiii untennekt: Obwmii 0b3op"
David Rumelhart u Ronald Williams 3aHoBO oTKpbIT 1
Nonyisipu3MpoBaH anropuTM obpaTHOro pacnpocTpaHeHust owmnbKm
Komnbtotep Deep Blue obbirpan yemnuoHa mupa no waxmaTam
lappu Kacnaposa

Geoffrey Hinton Been B obuxog tepmut «Deep learning»
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Nctopusa ML

1958
1959

1963
1973
1986

1997

2006
2011

Frank Rosenblatt co3maeTt nepByto NcKycCTBEHHYIO HERPOHHYHO CETb
Arthur Samuel co3gaer nepeyto camoobyuatoLLyocs LWaleyHyo
nporpammy ansa IBM 701

Larry Roberts cdhopmynuposan Teancel KOMNbIOTEPHOrO 3peHust
James Lighthill. "VickyccTBenHbiii untennekt: Obwmii 0b3op"
David Rumelhart u Ronald Williams 3aHoBO oTKpbIT 1
nonynsipu3nMpoBaH anropuTM obpaTHOrO pacnpocTpaHeHus owmnbKm
Komnbtotep Deep Blue obbirpan yemnuoHa mupa no waxmaTam
lappu Kacnaposa

Geoffrey Hinton Been B obuxog tepmut «Deep learning»
Cynepkomnbtotep IBM Watson ogepxkan nobeny B TeneBuktopuHe
Jeopardy!
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Nctopusa ML

1958
1959

1963
1973
1986

1997

2006
2011

2014

Frank Rosenblatt cozgaeT nepeyto MCKYCCTBEHHYHO HEAPOHHYIO CETb
Arthur Samuel co3gaer nepeyto camoobyuatoLLyocs LWaleyHyo
nporpammy ansa IBM 701

Larry Roberts cchopmynuposasn Te3ucbl KOMMLIOTEPHOIO 3peHust
James Lighthill. "VickyccTBenHbiii untennekt: Obwmii 0b3op"
David Rumelhart u Ronald Williams 3aHoBO oTKpbIT 1
Nonyisipu3MpoBaH anropuTM obpaTHOro pacnpocTpaHeHust owmnbKm
Komnbtotep Deep Blue obbirpan yemnuoHa mupa no waxmaTam
lappu Kacnaposa

Geoffrey Hinton Been B obuxog tepmut «Deep learning»
Cynepkomnbtotep IBM Watson ogepxkan nobeny B TeneBuktopuHe
Jeopardy!

Facebook nzobpen anroputm DeepFace ans pacnosHasaHus auy,

13



Nctopusa ML

1958 Frank Rosenblatt cozgaeT nepByto MCKYCCTBEHHYIO HEPOHHYIO CETb

1959 Arthur Samuel cosgaer nepeyto camoobyuaroLLyocs LalleyHyo
nporpammy ansa IBM 701

1963 Larry Roberts cchopmynupoBan Te3uCbl KOMMbIOTEPHOrO 3peHNs

1973 James Lighthill. "WickyccTeennbiii nHtennekt: Obwunii 063op"

1986 David Rumelhart n Ronald Williams 3aHoBo oTkpbIT 1
nonynsipu3nMpoBaH anropuTM obpaTHOrO pacnpocTpaHeHus owmnbKm

1997 Komnbtotep Deep Blue obbirpan 4yemnmoHa mMupa no waxmaram
lappu Kacnaposa

2006 Geoffrey Hinton BBen B obuxog Tepmun «Deep learning»

2011 Cynepkomnbtotep IBM Watson ogep>kan nobefy B TeneBMkTopuHe
Jeopardy!

2014 Facebook nsobpen anroputm DeepFace anst pacnosHaeanus nuy,

2016 Mporpamma AlphaGo obbirpana 4emnuoHa Mupa no urpe B ro Lee
Se-dol B 4eTbipex nmapTusx n3 nsTn

13



3uma Al

— [Npobnema KOMBUHATOPHOrO B3pbIBA

Moravec's paradox 14



3uma Al

— [Npobnema KOMBUHATOPHOrO B3pbIBA

— Huskas Npon3BoANTENBHOCTb KOMNbKOTEPOB

Moravec's paradox 14



3uma Al

— [Npobnema KOMBUHATOPHOrO B3pbIBA
— Huzkas npon3BoanTeNbHOCTL KOMMbLIOTEPOB

— [Mpobnema npeacraeneHnii 3Hanmii “3gpasoro mbicna’

Moravec's paradox 14



3uma Al

Mpobnema kombruHaTOpHOrO B3pbIBA

Hu3zkas Npon3BoANTENBHOCTb KOMNbKOTEPOB

Mpobnema npeactaBneHunii 3HaHuli ‘3gpaBoro moicnia’

Mapagokc Mopageka

Moravec's paradox 14



Tunbl MawmMHHOro oby4eHus




Mbl MAalLUNMHHOIO o6yquV|9|

. C yunrenem

. bes yuunTensa

1
2
3. C 4acTM4HbIM MpUB/IEYEHNEM YUNUTENS
4. ObydyeHue c nogkpenieHnem

5

. AkTuBHoe 0byueHmne

15



OObyueHue c yuntenem

X - MHOXeCTBO 0OBEKTOB
Y - MHOXeCTBO OTBETOB
Obyuatowas Bbibopka: X' = (x4, y:)!_,

Sapaqa: MNoctpouts anroputm a: X — Y

Supervised learning 16



O6yu4eHue c yuntenem. Knaccudumnkauyuns

X - MHOXeCTBO 0ObEKTOB
Y - MHOXeCTBO KNaccoe
Obyuatowas sbibopka: X' = (x;,y;)i_;

Sapava: MNoctpouts anroputm a: X — Y, cnocobHblii

KnaccuduumpoBaTh NPON3BOJbHbIN 06bekT = € X.

Supervised learning. Classification 17



O6yu4eHue c yuntenem. Knaccudumnkauyuns

“1"
. “2"
Images of Generic I
Hand-written —  Machine Learning
Numbers Algorithm p—y
S nyn
Ex: § 7 ( I
£yy
etc...

Supervised learning. Classification 18



O6y4yeHue c yuntenem. Perpecc

X - MHOXeCTBO 0OEKTOB

Y - mHoxectso oteetoB (Y € R)

Obyuatowas sbibopka: X' = (x;,4:)i_;

CyulectByeT HeusBecTHas Lenesas 3asucumocts y* : X — Y

Sapaqa: MNoctpouTs anroputm a: X — Y, annpokcnmMupyroLmii
LleSIeBYIO 3aBUCUMOCTb *

Supervized learning. Regression 19



Oo6y4yeHue c yuntenem. Perpeccus

Life Expectancy 1975

404 °

30

T T T
0 1000 2000 3000
Doctors per Million Pop 1975

Supervized learning. Regression 20



OO6yueHune 6e3 yuntens




Oby4eHue Ge3 yuntens

Unsupervised learning 21



Oby4eHue Ge3 yuntens

Unsupervised learning 22



OO6y4eHue Ge3 yuuntens

X - MHOXeCTBO 0OBEKTOB
Obyuqatoujas Bbibopka: X! = {xi}ézl

3apaua: ObHapyXnTb BHYTpeHHUE B3aUMOCBS3U, 3aBUCUMOCTH,

3aKOHOMEPHOCTH, CYLLECTBYIOLME MEX Y ObbeKTaMu.

Unsupervised learning 23



OOy4eHue c 4aCTUYHbLIM

npumneJjedeHmnemMm ydumrtens




C vacTn4Hbim npuen HueMm y4dumrtens

X - MHOXeCTBO 0OBEKTOB
Y - MHOXeCTBO OTBeTOB
Obyuatowas ebibopka: X! = (z;,y;)!_;, X% = {z;};_,

Sapaqa: MNoctpouts anroputm a: X — Y

Semi-supervised learning 24



OO0yueHune c nogkpenaeHnem




OOby4eHue c nogkpenaeHem

S — MHOXXECTBO COCTOSIHUV OKPY>KeHUst
A — MHOXeCTBO JeicTBulA areHTa

R — mHoxecTBO "BbInrpbiei"

3apaua: MNoctponTs anroputm a: S — A, KOTOpbIA MakCUMuU3npyet

obwwnii "ebirpsiw”

Reinforcement learning 25



OOyueHune c nogkpenneHnem
| ARE -

Reinforcement learning 26



AKTunsHoe oby4eHue




AkTnBHOE 00y4eHue

X - MHOXeCTBO 0ObEKTOB
Y - MHOXeCTBO KNaccoe
Obyuatowas sbibopka: X' = (x;,y;)i_;

nOJ'Iy‘-IEHVIe AONONIHUTENbHbIX OTBETOB Y; LOPOro.

Sapaqa: Moctpoute anroputm a: X — Y, UCnosib30BaB Kak MOXXHO

MeEHbLIE JONOJIHUTEJIbHbIX 3/IEMEHTOB.

Active learning 27



AkTnBHOE 00y4eHue

Active learning 28



Twnbl npnsHakos




Twunbl npu3HakoB

f:X—)Df

— Bunaphbie (Dy = {0,1})

Active learning 29
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Twunbl npu3HakoB

f:X—)Df

— Bunaphbie (Dy = {0,1})
— Homunanbhbie (Df — kOHEHHOE MHOXECTBO)

— MNopsigkosble (D — KOHEHYHOE YNOPSIAOHEHHOE MHOXKECTBO)

Active learning 29



Twunbl npu3HakoB

f:X—)Df

Bunapteie (Dy = {0,1})

— Homunanbhbie (Df — kOHEHHOE MHOXECTBO)

MopsigkoBbie (D — KOHEHHOE YNOPSJOUEHHOE MHOXECTBO)

Konunuectsennsie (D; = R)

Active learning 29



Nbl NPU3HaKoB (Npumepsbl)

— Bunaptblie (ﬂon, Hann4ne 6onn B CNMHE, B CO3HAHWUW NN nau,vleHT)

Active learning 30
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Nbl NPU3HaKoB (Npumepsbl)

— Bunaphble (Mon, Hannumne Gonn B cnvHe, B CO3HAHMM 1 NALMUEHT)
— HomunanbHble (Tun 6onu: kontolas, pexyLiasi, Horowas)
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Twunbl npusHakos (Npumepsbl)

— Bunaptblie (ﬂon, Hann4ne 6onn B CNMHE, B CO3HAHWUW NN nau,vleHT)

HomunanbHble (Tun 6onu: kontolas, pexyLias, Horowas)

Mopsigkosbie (Obwee cocTosiHme 6OALHOrO: YAOBNETBOPUTENLHOE,

cpep,He|71 TAXKECTUN, TAXKENOE, KpaﬁHe TSI)KGJ'IOG)

KonuuecteenHble (TemnepaTypa Tena, nynbc, apTepuanbHoe

JaBneHue)

Active learning 30



MNpumenenne ML

— Akagemuyeckoe

Active learning 31



MNpumenenne ML

— Akagemuyeckoe

— MpakTuyeckoe

Active learning 31



Y7o untaTth/cmoTpeTh

Kypc K. B. BopoHuoBsa

Bugeonekunn LLUAL

Christopher M. Bishop "Pattern Recognition and Machine Learning" G.
James, D. Witten, T. Hastie, R. Tibshirani: "An Introduction to

Statistical Learning"

Active learning 32


http://www.machinelearning.ru/wiki/images/6/6d/Voron-ML-1.pdf
https://yandexdataschool.ru/edu-process/courses/machine-learning

Bonpocbi?



Ha cnepytowein nekunu

MeTopn 6avxaiiinx cocenei

[MnoTesa KomnakTHOCTU
— O60bLeHHbITi MeTpuyeckuii knaccurkaTop
— [NpoknsiTne pasmepHocTU

— OTbop sTanoHoB

Active learning
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