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: . CopgepxaHue [yopats]
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npod., 3am. 3ae. ka. «Martematudeckne meTogel npordosvpoeanna» BMK MY, 1.1 Kypao n(:(uuﬁ
3aB. kadp. «MawnHHoro oby4eHna u undpoBoi rymaHuTapucTukmr MOTH, ’
HaBurauma - « Y Umchp Y P ? 1.2 PekomeHgauuu Ans cTYOEHTOR W acnupaHToR
= 3arnasHas cTpaHnLa npodp. kacp. «MHTEeNNekTyaneHble cuctemel» MOTH, 2 WiTepebio
» CooBLLeCTED C.H.c. otaena «MHTennekTyankeHble cucTeMbl» BeliducnutensHoro uenTtpa L 2.1 Brgeo
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A : 2.2 IloHrpuabl
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= ToDo = Mpoduns WoS ResearcherlD = G-7857-2014 & 4.2 ®eiKoBbIE HOBOGTM 1 MOTEHLUMANBHO ONACHbLIA OUCKYPG
= Mpocbune Google Scholar & 4.3 OTCcnexuBaHue KOHTaKTOB W OLEHKA PUCKOB MHDULNPOBaHWUA
4.4 Teopusa oGobwwarowlen cnocobHoCTH
® JHUMKNonequa = [Mpochune DBLP &7
4.5 KombuHaTopHas (nepecTtaHoOBOYHASA) CTATUCTUKA
aHanmaa aHHbIX = Mpocpune PUHL, ID = 15081 &7 .
4.6 MNMporHosupoBaHe 06LEMOB NpoJam
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CopepxaHue

1. 3agayn malWwmMHHOro obyyeHuUs
s MCKyCCTBeHHbIVI MHTEeNNNEKT — CKBO3HJAA TeXHOJ/1I0TUA
* OCHOBbI: UCToOpHUA N TEPMUHONOITNA MaAalLUMHHOIO O6yL-IeHVIFI
* [Ipumepsbl 3a4a4 MaLLMHHOTO 0by4YeHUs



MW — CKBO3Hble TEXHONOTUKN, MeHAoLME MNP




«YeTBEPTAA TEXHO/IOTMYECKAA PEBONOLMA
CTPOUTCA HA Be3aecywem n MobunibHOM
NHTepHeTe, uckyccmeeHHOM UHMess1ekme
M mawuHHom obyyeHuu» (2016)

WORLD P WORLD

Knayc MapTuH LLBab, ecf%a\?@u,i& R/ECONOMIC
npesngeHT BcemmpHoro | =

3KOHOMMYECKOro popyma




OT4éTbl benoro goma CLUA, man-oktabpb 2016

«Nations with the strongest presence in Al R&D will establish
leading positions in the automation of the future»

Lindposas n pacnpesenéHHas 3KOHOMUKA
ABTOMATM3aLUMA N COKPALLEHNE U3AEPHKEK
ABTOHOMHbIW TPaHCNOPT 1 poboTmn3auua
OnNTUMKM3aLUMA NOTUCTUKN U Liener NoCTaBOoK
OnTMMmmM3auua sHepreTnyeckmx ceten (Energy Tech)
ABTOMaTu3aumsa baHKkoBcKux ycayr (Fin Tech) Qo
AsTomaTu3sauma ropuamndecknx yeayr (Legal Tech)
ABTOMaTU3auUmMsa obpasoBaTenbHbix yenyr (Ed Tech)
ABTOMaTH3aumsa pabotbl c Kagpamum (HR Tech)
MepcoHanbHaa meanumnHa (Med Tech)
ABTOMaTMU3aLMA B cenbCkom xo3amncTtsee (Agro Tech)
ABTOMAaTM3aLMSA B npupoaononb3oBaHunm (Geo Tech)
ABTOHOMHbIe cucTembl BoopyeHun (Mil Tech)




HaunoHanbHaa cTpaTterna pas3smntna NN B PC

10 okTAbpAa 2019 .
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TMPE3UJIEHTA POCCHUMCKOM ®ENEPAIIUU

O pa3BATHH HCKYCCTBEHHOIO MHTE/LIEKTa
B Pocemiickoii Menepanmnn

B uensx obecnedeHHs YCKOPEHHOTO pa3BHTHA HCKYCCTBEHHOTO
uHTeiekTa B Poccuiickoii  @ejepaid, NPOBEEHHA  HAYYHEIX
HeenenosaHHi B o0NACTH HMCKYCCTBEHHOID MHTENIEKTa, NOBBIIIEHUS
NOCTYMHOCTH ~ WHOOPMAIMH W BEIYHCIHTENBHEIX — PECYPCOB A
HOJ’[B'SOM’I’CJICI’I, COBE]J].I.ICHCTBOB&HI’[X CHCTEMEI NOJATOTOBEH  KaJpoB
B 3TOH 00acTH MO CTAH O BT A 10:

1. Vreepaurs npuiaraemyio HauMoHaNbHYIO CTPaTerHio PasBHTHA
HCKYCCTBEHHOTO HHTENTEKTa Ha nmepro 1o 2030 roja.

2. lpasurenscrey Poccuiickoii Meaeparyn:

a)ao 15 nexkabps 2019r. obecneudTs BHECEHHe H3IMEHEHHil
B HauHOHanbHyw nporpammy "Llmdporas skoHoMmka PoccHiickoi
Qenepaiu”’, B TOM YHCTe paspaboTaTs H yTBepiHTh (eaepaibHEIH
npoext "Hekycereenneii naTenekt";

0) npencrapaars Ilpesunenty Poccuiickoit Pepepaumu emerogso
noknanm o xofge peanuzaudd HauHoHaTBHOW cTpaTerHH  pasBHTHA
HMCKYCCTBEHHOI0 HHTEIUTEKTa Ha nepuol o 2030 roja;

B) IpenycMaTpHBaTe TpH (Gopmupoanua B 2020 - 2030 rogax
TpPoeKToR  (efepanbHblX OlOI#ETOR Ha ovepenHOH (HHAHCOBHEIA rox
W HA MIAHOBHIH mepHon OloIMerHble ACCHIHOBAHMA HA peaiM3aLHio
HacToAmero Ykasa.
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VTBEPXKJIEHA
VYrazom Ilpeznnenra
Poccuiickoii ®Penepatinu
ot 10 okradps 2019 r. Ne 490

HAITHOHAJBHASN CTPATEIHA

Pa3BHTHA MCKYCCTBEHHOTO HHTEJLIEKTA
Ha meprog go 2030 roxa

[. O6mHe monokeHHs

1. Hactosmeii Ctpaterueii onpeaensroTcs 1eTH H OCHOBHEIE 3a1a4H
pasBHTHH HCKYCCTBEHHOIO HHTellekta B Pocewiickoli  ®enepaiuy,
a TaKke MEpH, HAMPABIEHHEIE HA €r0 HCMONE30BAHHE B LENAX
obecrmedeHHs HALMOHANBHEIX HHTEPECOB M PeaMialliM CTPaTerHYecKHX
HALMOHAJIBHLIX  [IPHOPUTETOB, B  TOM  4ucne B obnactu
HAYYHO-TEXHOJOTHYECKOTO Pa3BHTHA.

2. Mpasosyro  ocHoBy  Hacroswedl  Crparerus  cOCTAaBISIOT
Koncrutyuus  Poccmiickolt  Denepanmu, DenepanbHblii  3aKkoH
or 28mons 2014r. Nel172-®3 "O crpareruyeckoM ILIAHHPOBAHHH
B Poccuiickoii @enepanun”, ykasel [lpesnnenta Poccuiickollt Denepanun
or 7man 2018 r. Ne204 "O HauWOHANBHEIX LENSX H CTPATErHYECKHX
sagadax paspuTHA Poccuiickoii ®enepaunn Ha nepron no 2024 ropa",
or 9mas 2017 r. Me203 "O Crparersin paspuTHA HHPOPMALIHOHHOTO
obmectea B Poccuiickoii  ®emepaumn  wa 2017 - 2030 romsr",
ot 1 nexabps 2016 . Ne 642 "O Crpatersin HayqHO-TEXHONOTHYECKOTO
pazsutua Poceuiickol @enepaunu” ¥ MHEIE HOPMATHBHBIE NPABOBRIE AKTH
Poccuiickolt Denepaunn, onpejelsiolide HaNpaBleHHd NPUMEHEHHN
HH(OPMAITHOHHEIX TeXHOMoruil B Poccriickoii Menmepariy.

3. Hacrosmas Crparerus sBIseTcd OCHOBOH ans  paspaBoTkH
(KOpPEKTHPOBKH) rocyaapcTBeHHBIX TporpaMm Poccriickoil Meneparu,
rocylnapcTBeHHEIX  nporpaM  cyOrextor  Poccwiickoit  @epepanmn,
defepalbHLIX W PEerHOHANLHEIX IIPOEKTOB, IAHOBHX H IPOrPaMMHO-
LETIEBHIX JOKYMEHTOR TOCYIapCTBEHHBIX KOPMNOpaLii, rocy1apcTBeHHLIX
KOMNaHuif, AKIHOHEPHHX o00ImecTs ¢ TrocyAapeTBeHHEIM —YYacTHeM,




byM MCKYCCTBEHHOTO MHTE/I1eKTa

1997:
2005:
2006:
2011:
2011:

IBM Deep Blue obbirpan yemnmoHa mmpa no waxmatam
BecnnnoTHbIM aBTOMOOUL: DARPA Grand ChaIIenge

40 net DARPA CALO npusenu K co3agaHuto Apple Siri
IBM Watson nobeaun B TB-urpe «Jeopardy!»

2009-2018: ImageNet: 25% — 2,5% owmnbok npoTtms 5% y ntopgen

2015:
2016:
2016:
2017:
2020:
2023:

doHa OpenAl B S1 mapa. MnoHa Macka 1 Cama AnbTmaHa

DeepMind, OpenAl: anHamunyeckoe obyvyeHune nrpam Atari

Google DeepMind obbirpan 4emnmMoHa Mmupa no urpe ro

OpenAl obbirpan yemnmoHa Mmmpa nNo KomnbtoTepHou urpe Dota 2
Mopaenb GPT-3 cMHTe3npyeT TeKCTbl, HEOT/IMYMMbIE OT YeN0BeYeCKnx
GPT-4 pemoHcTpupyeT «npobneckn obLero UCKYCCTBEHHOTO MHTENIEKTA



MalwmnHHoe obyyeHune, bonbline AaHHbIE
M MHOTO APYrmMX CTPALWHbIX C/IOB»

e CtaTUCTUYEeCKMM aHanu3 aaHHbIx (Statistical Data Analysis)

* MckycctBeHHbIM nHTennekt (Artificial Intelligence, Al) 1955
* Pacno3HaBaHune obpasos (Pattern Recognition)

 MawwunHHoe obyyeHune (Machine Learning, ML) 1959
e Ctatuctnyeckoe obyyenme (Statistical Learning)

* MIHTennekTyanbHbIM aHann3 aaHHbiX (Data Mining) 1989
* MawwuHHbIM nHTEennekT (Machine Intelligence) 2000
* busHec-aHannTtuKa (Business Intelligence, Business Analytics)

* MpeackasatenbHasa aHanutuKa (Predictive Analytics) 2007
* bonbwune gaHHble (Big Data) 2008

* AHannTuKa bonbwmnx aaHHbIX (Big Data Analytics)
* Hayka o gaHHbIx (Data Science, DS) 2011



MeToaon0rna aMNMpu4eckom MHAYKLMY

OT AeAyYKTUBHOro meToaa NO3HAaHUA K UHAYKTUBHOMY:

«He cnepyet nonaratbcs Ha CPOPMYIMPOBAHHDBIE AKCMOMbI U
dopmanbHble 6a30Bbie NOHATUA, KAKMMUK Obl NPUBIEKATENIbHbIMM
N cnpaBeaMBbIMMN OHU HE Ka3a/INCb. 3aKOHbI MPUPOAbI HYXKHO
«pacwmndposBbiBaTb» U3 GaKTOB onbiTa. Cheayet NCKaTb
NpPaBUAbHbIN METOZ, aHa/n3a U 06006LLIEHNA ONbITHBIX AAaHHbIX; .
3/1eCb 1OrMKa ApuctoTena He NoAXoAUT B CUNY €€ abCTPaKTHOCTH, Pp3aHcuc bakoH

y (1561--1626)

OTOPBAHHOCTM OT PeasibHbIX MPOLLECCOB U ABNEHWNI.»

«Tabnnua OTKPbITUA»: MHOXECTBO 06bEKTOB {X4, ..., Xy, }: » Juoo o fn i

* fi(x;) —v3mepsaemoe 3HaYeHue j-ro npuU3HaAKa obbeKTa X;

* y; — U3MepAaeMoe 3HaYEeHUE Yyesneso20 ceolicmsa x;, nmbo . y
m

y; € {0,1} — oTcyTCTBME NN Hannume yesnesozo cgolicmaa

®paHcuc baKoH. HoBbi opraHoH. 1620. 10



3aJa4a npoBeaeHUsa QYHKLUM Yepes3 TOYKA

NpeackasaHue ceoictea y(x) no npusHakam fi(x),
(nMHenHoM) mogensto a(x, w) c napameTpamm w:

a(x,w) = 2 w;f;(x)
MeTtoa HaMmeHbLKUX KBaapartos (Maycc, 1795):

2 .
Lxy(alx,w) —y)* - min

rr I 0” LA Sca}e'” 4 I T
¢ o%s off ofrs ' fs s s 5 u87a 874

B ‘ Kapn ®puapux Maycc
: (1777--1855)

«Our principle, which we have made use of since
1795, has lately been published by Legendre...»

C.F.Gauss. Theory of the motion of the heavenly

bodies moving about the Sun in conic sections. 1809.
11




3aJa4a BOCCTAaHOB/EHMSA perpeccumu

NccnepoBaHWe HacneacTtBeHHOCTM pocTa (ManbToH, 1886).
A — OTKNIOHEeHMe pocTa OT cpeaiHero B NoONyAALUUM

3aBMCUMOCTb (NnHenHanA?) A B3pocsoro cbiHa oT A oTua:

[1BONHOM CMbIC/1 TEPMUHA
«perpeccua»:

e perpeccus (pocTa) dpaHcuc fanbToH
K cpeaHemy B noNyaaunu (1822--1911)

| . Rk * HeobbiYHbIlU «0bpamHbIl» X00 uccs1e008aHUA:
T CHAYads1a OGHHbIE, MTOMOM MOOEs1b

-25 220 1% 10 50 S 10 15 20 25

Galton F. Regression towards mediocrity in hereditary stature. 1886. 12



MawmnHHoe obyyeHme (Machine Learning, ML)

* 0/1HA U3 KAHOYEBbLIX MHPOPMALLMOHHbIX NrELLGENcE
TexXHonornm byayulero LEARNING,

BDEER
LEARNING

* Hanbonee ycnewHoe HanpasneHune UN,
BbITeCHUBLUEE 3KCNepTHble CUCTEMbI U
NHXKEeHEePMo 3HaHUN

* NpoBeaeHne PyHKLUUM Yepes3 3a4aHHble TOYKMK
B C/IOXKHO YCTPOEHHbIX NPOCTPAHCTBAX

* MaTeMaTnvecroe mogeanposaHme B yCJ1I0BUAX,
KOraa 3HAHUWU Mano, AadHHbIX MHOTIO

®* TbICAYUN PA3/TIUYHBIX METOAOB N aJZITOPUTMOB

* 6onee 100 000 Hay4HbIX NybaAnKaUMI B roa

13



334341 MalWMHHOIo 0by4YeHmaA C yYnTeNem

9tan Nel — obyueHue c yuntenem Ecaiu Hem OQHHBbIX,
* Ha Bxoae: mo Hem
O0aHHbIe — BbIDOPKa NpeueaeHToB «06bekm — omeemy, U MAQWUHHO20
KaXKabl 0ObEKT onmncbiBaeTcs Habopom NMpuU3HAKo8 06yYeHus

* Ha Bbixoae:
MOJeNb, NpeACcKa3blBatoLLAA OTBET MO 0ObEKTY

rnpusHaku omeemesl
obyyarouwue
9tan N22 — npumeHeHue 06beKmbl

* Ha Bxoge: (train)

OdHHble — HOBbIA 0O BbEeKT

HoabIll 06beKm

* Ha Bbixoae: (test)

npeacka3daHme orBeTad Ha HOBOM obbekTe

14



[Tpnmepsbl 33434 MalWMHHOIO 0by4yeHuns

 MeanuMHCKaaA ANarHOCTUKa:
06beKT — AaHHble 0 NaUMeHTe Ha TeKYLLMIA MOMEHT
OTBeT — AMarHos / neyeHue / puck ncxoaa

* Mounck mecTopoXxaeHU NoNE3HbIX UCKONAeMbIX: P W 5
0ObeKT — flaHHble O reos1I0rMm pamoHa Cor M g N
OTBET — eCTb/HeT MeCcTopoXgeHune B

06BbEKT — laHHbIE O Cbipbe U YNPABAAIOLLNX NapameTpax

* YnpaBseHue TeXHONorM4yeckumm npoLeccamm: @
OTBET — KOJINYecTBO/KayecTBo N0JIe3HOro NPoayKTa AN 077




[Tomepsbl 3334 ML B busHece

* KpeauTHbIN CKOPUHT:
0O6BEKT — AaHHbIe O 3aéMLUKE
OTBET — peLlleHne nNo Kpeanty & BepoAaTHOCTb AedonTa

* MpeacKkasaHne OTTOKA K/IMEHTOB:
0ObEKT — AAHHbIE O KIMEHTE HA MOMEHT BPpeMeHMU t
OTBET — YUAET NN KNNEHT K MOMEHTY BpemeHu t + A

* MporHo3unpoBaHue 06BLEMOB NpPoaa«:
0O0bEeKT — laHHble O NpoAarkax Ha MOMEHT BpemMeHu t M
OTBET — 0O6bEM cnpoca B MHTepBane oTt go t+ A

16



[Tomepbl 3a4a4 ML B MHTepHeT-cepBUCaX

* UHdOpMaLMOHHbBIN NOUCK B MHTepHeTe: Google

0ObEeKT — lIaHHble O Nape «3anpoc N AOKYMEHT» Yandex Bai'é.?EF
OTBET — OLLeHKa pesieBaHTHOCTU AOKYMEHTa 3anpocy ‘ =

* [MpopaKa peknambl B UHTepHeTe:
0b6BbEKT — AaHHbIE O TPOMKE «NONb30BaTE/Ib, CTPAHMLA, baHHEP»
OTBET — OLLleHKa BePOATHOCTU K/INKA

amazoncom

Prime

* PekomeHpaaTenbHble cuctembl B UHTepHeTe / TV:
0ObEeKT — laHHbIe O Nape «Mno/sib3oBaTe b, ToBap / duabm» NIETELLX
OTBET — OLLleHKa BEPOATHOCTU NOKYNKKU / npocmoTpa

(
(

17



[Tonmepbl 33434 C HEBEKTOPHbIMU AaHHbIMU

* CTaTUCTUYECKMU MALLUHHbIW NepeBos,;: Mpozpecc 8 amux
0O6BEKT — NPeaNoXKeHNe Ha eCTECTBEHHOM f3blKe 06nacmaxiee

OTBeT — ero nepesoa Ha ron A3blK
P A APY «bonbwWUMU OAHHbLIMU Y

(aHen. «Big Data»)

* [lepeBOA peumn B TEKCT:
06BEKT — ayAM0o3annucb pevyn YenoBeKa ...04eHb BAMCHOE YMOYHEHUE:

OTBET — TEKCTOBAA 3aNUCb peyu
C AdKKypamHbimu
6os6WUMU OQHHLIMU
* becnnnotHoe BoXXAeHUe:
06BEKT — MOTOK AaHHbIX C paZlapoB N BUAEOKAMEP
OTBET — NOTOK pelieHn (0bbexaTb, OCTAHOBUTLCA, UTHOPMUPOBATD)



CopepxaHue

2. MeTtoponorus mawmMHHOro obyyeHus

 HenpoHHble ceTn u mybokoe obyyeHune
 ONTUMM3ALMOHHbIE 334341 MaLLMHHOIo oby4yeHusn
* BekTOpM3auma AaHHbIX U BonbLLUME A3bIKOBblE MOoAeNn

19



IcKyccTBEHHble HEMpPOHHble ceTh (MHC, ANN)

(MakKannok v Mutrc, 1943)

S-3neMeHTbl
A-anemeHTbl R-anemeHThI

I_I e p B bl l\;l H e l\;l p O KO M n b I'OTe p M a r k_ 1 p(::!:ﬁﬂ?:;) (accoumaTtuBHbIE) (pearvpytolme)
(®p3HK Po3eHbnaTT, 1960)

Perceptron

4 O N

"
Iz 4

20



MHOroc/10MHblIe MCKYCCTBEHHbIE HENPOCETH

Ha KaK40oMm c/ioe ceTu BeKTop obbeKTa npeobpasyeTca B HOBbI BEKTOP
Kaxkgoe npeobpasosaHue (HeMpoH) — anHeHaa moaens a(x, w)

Beca w aBnAatoTca obyyaembiMuM NapameTpamm Moaenmu




nybokmne HempoHHble ceTn (Deep ANN)

BXoa: CNOXHO CTPYKTYPUPOBAHHbIE «Cblpble» AaHHble 0OBHEKTOB
BbiXoa,: BEeKTOPHble NpeacTaB/ieHnAa 06BbEKTOB, 3aTEM OTBETDI

«Cbipble OaHHbIE» NpU3HAaKU omseembol

obyuaroujue Deep Learning —amo
obvekme 8ce20 nuwWb obyyaemas
(train) 8eKmopu3ayusA
C/IOHCHbIX 06bEKMO8

Mpumepbl CI0XKHO CTPYKTYPUPOBAHHbIX 0ObEKTOB: M30b6parkeHus, BUAEO,
BPEeMeHHble paAbl, TEKCTbl, NOCAeA0BaTe/IbHOCTU, TPAH3aKUKUN, rpadbl, ...



nybokmne ceépToYHble HeMpoHHble ceTn (CNN)
07151 KNnacCMdUKaLmMm obbeKTOB Ha M30OParKEHMAX

55 — r—
27
13 13 13

N
1 N i
" & s \-| - =1~ el - —% s
- — - 3 ol
1 L IE N 7R - 5= 13 AN~ 13 & = 13 dense dense|

Numerical Data-driven

Max
256
Max pooling 4096 4096
pooling
L
ok g BN

#
e
R |

Conv 1: Edge+Blob Conv 3: Texture Conv 5: Object Parts Fc8: Object Classes

Krizhevsky A., Sutskever I., Hinton G. ImageNet classification with deep convolutional neural networks. 2012.
23



Ponb 6onbWMX AaHHbIX

ImageNet: oTkpbiTas BbibopKa 14M n3obparkeHnin, 20K kateropum

I M IHI G E [ >200 Layers I
- _ 28.2 Rd

-gEEiE i :

cat 'j, ‘_‘, "J'-_" ,’

ceer IS5 N Y ™ 16.4

7 IV ' [ ]
dog Hwﬂ& I 1.7 [ 19 Layers I l 22 Layers I/;’,

o I
vore BRI 3 9

1.3 6.7/ At

— [ 8 Layers I [ 8 Laye _------" @ 3.57 2.99
- , Traditional = - _____ = | e E -
v SR e
) ILSVRC'10 ILSVRC'11 ILSVRC'12 ILSVRC'13 ILSVRC'14 ILSVRC'14 ILSVRC'15 ILSVRC'16
truck J ‘ h y - . AlexNet . VGGNet GoogleNet ResNet Ensemble

CtapTt B8 2009T1. YenoBeyeckunin ypoBeHb ownmbok 5% nponaeH B 2015 r.

Li Fei-Fei et al. ImageNet: A large-scale hierarchical image database. 2009.

Li Fei-Fei et al. Construction and analysis of a large scale image ontology. 2009. »



Tpun cocTtasnatowmx ycnexa Deep Learning

* [lToBCEMECTHOE MPUMEHEHNE KOMIMbIOTEPHbIX TEXHO/I0TUM
— HaKornneHue bonbwux 86160POK OAHHbIX
8 yacmHocmu, ImageNet

* Pa3BuTHE MaTeEMATUYECKUX METOA0B U a/ITOPUTMOB
—> HaKoMAeHuUe Kpumu4eckKol Maccel onbima
mMemoObl onmMumMu3ayuu, KOHMpPosb rnepeobyvyeHus

* [loCTUXKEHUNA MUKPOINEKTPOHUKM
— pocm 8bI4UCAUMeEsNbHbIX MOWHOcmMeu rno 3aKkoHy Mypa
8 yacmHocmu, GPU

101010 bonbwune

010101
101010 AaHHble

AEE BbicTpble
' aAropuTMbl |

f) - MouiHaa \
|

(j Emw
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MawmnHHoe obydeHmne — 3To ONTUMM3aL NS

X — BEKTOP 0b6beKTa obyyatolen BbIbOpKU
a(x, w) — npeacKasatesibHaA MOLEND

W — napameTpbl Moaenu

Loss(x, w) — dyHKUMA noTepb

@’I (AL T
e

" 4 [T '*"'l, [N
} st
Q (W) — KpUTEpUIA KayecTBa MoaEeNM e&i‘%\@?&&‘“]“%ﬁ%’ﬂ‘
OSSN N L0
puis S i

3aga4a obyyeHMA napameTpoB MOAENN:

X

-

Cnocob pelweHnsa — YncieHHble MeToabl ONTUMM3aAL NN
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ObyuyeHume c yuntenem (supervised learning):
BOCCTAHOB/IEHME perpeccuu (regression)

X — BEKTop obbeKTa oby4varowen BblIbOpKU, Yy — YNCAOBOMU OTBET
a(x,w) — moaenb perpeccum c napameTpamm w
Hanpumep, a(x, w) = X ; wjx; — nInHeNHas MoAenb perpeccuu

Loss(x,w) = (a(x,w) — y)? — kBagpaTnuuHaa GyHKLMA NOTePb

nortepa 4

-

5 -4 3 2 0 1 2 3 4 5 5 -4 30 2 A 0 1 2 3 4 5 HEeBA3Ka
— KBagpamyHas  —— — pobacTHble — abcomoTHas  —— KBaHMNbHass —— SVM (error)



ObyuyeHume c yuntenem (supervised learning):
Knaccudumrkauma (classification)

X — BEKTOp 0b6bekTa obyyatowen Bbibopkn, y — oteeT (+1 namn —1)

a(x,w) — mogenb KnaccmpuKaLumm ¢ napameTpamm w
Hanpumep, a(x,w) = sign(Zj ijj) — NIMHenHaa moaenb

Loss(x,w) = maX(O, 1—-y2; ijj) — ¢dyHKumMa notepb SVM hinge

notepa *1 4
(loss) 3 ]
2 2 ]
1 1] /
0 ] 0 ]
....................................................................................................... . OTCTYN
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5 .
—— curmoungHas —— JlorucTndeckas — SVM hinge = JKCMNOHeHUnanLHasa — KBagpatnyHasda —— pobacTtHasd (margln)
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ObyuyeHume c yuntenem (supervised learning):
paHXmMpoBaHue (learning to rank)

X — BEKTOP Napbl «3aNpoCc-A0KYMEHT», Y — OLLEHKa pesieBaHTHOCTM
a(x,w) — moaenb PaHXMPOBAHMA AOKYMEHTOB MO 3aNpocy, NapameTp w

Hanpumep, a(x, w) = X; wjXx; — nMHeAHaa moaenb

Loss(x,x',w) = max(0,1— [y > y’](a(x, w) — a(x’,w))

relevant elements
1

W fvpopuerms eropemen e, G ook N HE MOs1bKO IOUCK,
Core R o o L U XL o s *e * ° o Precision =~ HO U ntoBble 3a0a4u, 20e
yesnioeeky yoOobHO

MPUHUMAMmMb peweHUus,

Recall = — 8bIbUPaA 0OOUH U3 8aPUAHMOS8

vcTopuyeckas MHopmaTyika Haittn

W WcTopuyeckas mHopmaTuka — Bukuneauns
aru.wikipedia.org > MicTopuieckas UHopMaTHka
WcTopiyeckan uHdopmMaTnka — MexanCUMNNMHapHan obnacTs MCTOPUYECKUX
MCCNeaoBaHNii, LMk KOTOPOIA ABNAETCA PaciLMpeHie HHOPMaLMOHHOTO

KypHan "UcTtopuyeckan nHgopmaTtuka”

Kleio.asu.ru

MC'IDPMHBCKBR VIHq)OPMETMKa V'HCbDDMaL\VIOHHHG TEXHONOrun U MmareMaTu4eckie MeToabl
B MCTOPMYECKUX UCCNefoBaHUAX W 00pas0oBaHun. YuTaTs ewe >

MeTogonornyeckne NpobneMbl UCTOPUYECKOR MHPOPMATUKK
& nbpublish.com > e_istinf/

Kniueesle cnosa: BUPTyarnbHbie UCTOPHYECKHE DEKOHCTPYKUNM, HCTOPUYECKan
MHﬁJBpMETMK& WNCTOYHWKOBEASHWE, METOAONOIMA, UCTOPNYECKUE UCTOYHUEN
Knacciukauna, HayyHo-TEXHUYECKaA AOKYMEHTALMUA, 3NEKTPOHHLIE... YUTaTbL ewWwe »

> UcTopuyeckasn nHopmaTHKa.
Ak bt e o AREAE imbmrinbenntrmsn

S il

selected elements



ObyuyeHune 6e3 yymntena (unsupervised learning):
Knactepmsauma (clustering)

X — BEKTOp 0bbeKTa oby4atoLlen BbIBOpPKK, OTBETbI HE 3a4at0TCA
a(x,w) — Knactep, 6AmKanwmm K x
w = {cq, ..., Cx } — BEKTOPbI LEHTPOB BCEX KNACTEPOB

Loss(x,w) = mkinllx — ¢ || — paccToaHme po baukaliwero Knacrtepa
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ObyuyeHme 6e3 yuntens (u

nsupervised

BEKTOPWM3aLLMA, aBTOKOAM

DOBKa (autoe

earning):

ncoder)

X — onncaHune obbeKTa obyyatoulen BbIbBOPKM, OTBETOB HE AAHO

z = f(x,w) — mogenb KOAUPOBAHMA X B BEKTOPHOE NpeacCTaBAEHMNE Z

x' = g(z,w") — moaenb AeKoANPOBaHUA Z B PEKOHCTPYKLUMIO X'

Loss(x,w) = |lg(f (x,w),w') — x|| — ToUHOCTb peKOHCTPYKLMM 0bBEKTA

X

x!

Encoder

Q A&-o
S

AL WA
. s::". .e‘A'A.

00000000
00000
000

Decoder

00000000

% 5%

S SR
ﬁﬁg%m.

\ | Classifier
\ @ \
\| @ ® Y

—~

@
@
N

obyyaemas
8eKmopu3ayus
C/TOHCHbIX
obvekmos



[TepeHoc obyyeHusa (transfer learning),
npeaobyyeHrne moaenm BEKTOPU3aLLUN

zZ = f(x,w) — moaenb BEKTopM3aumn, yHUBEpCasrbHaa A4NA MHOTMX 3343
y = g(z,w') — yacTb mogenu, cneumduryHasa Ana cBoei 3a4aum

min: )., Loss; (g, (f (x,w),w")) — obyuyeHne no 60AbLIMM AaHHbIM

w, wi

min: ),,, Loss,(g,(f(x",w),w")) — obyyeHne no cBOMM AaHHbIM
w/

Shared Task 1 Shared Task 2
Layers specific Layers Layers specific Layers

[E=] . B [l

« B8 _.D,.[D « BB Q_.ﬂ_,u..l

Sinno Jialin Pan, Qiang Yang. A Survey on Transfer Learning. 2009



CamocTtoaTenbHoe obyyeHune (self-supervised)

X — nU3obpaxkeHue

z = f(x,w) — mogenb BeKTop13aumn, obyyaeTtca npeackasbiBaTb
B3aMMHOe pacrnonoxkeHne nap ¢pparmeHToB O4HOro N3obparkeHusa

DD < 8 possible locations
4‘ MpenmyLiectso:
Classifief CETb Bblyd4NBaeT BEKTOPHbIE
7 N npeacraBsieHNa 06 bEKTOB
okl lenm A 1 bes pasme eHHON
T e obyyaroLemn BbIboOpKM

Randoml Smple at
Sample Second Patch

Unsupervised visual representation learning by context prediction,
Carl Doersch, Abhinav Gupta, Alexei A. Efros, ICCV 2015
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MHoro3zaanadyHoe obyyeHume (multi-task learning)

z = f(x,w) —mogenb BEKTOpMU3aLMK, YHMBEPCAbHAA ANA BCEX 3a4aY

y = g:(z, wy) —4yacTb mogenu, cneunduyHan gns t-n 3agaum

min: Y. >, Loss:(g:(f (x, w), w;)) — oby4eHmne no Bcem 3agayam

W,W¢

few-shot learning — obyyeHnune
No MaJIOMy YNCAY NPUMEPOB

M.Crawshaw. Multi-task learning with deep
neural networks: a survey. 2020

Y.Wang et al. Generalizing from a few examples:

a survey on few-shot learning. 2020

Shared
Layers

N

y

Task-specific

Layers

—

Task 1

Task 2

Task 3



HelpOoHHbIe ceTn ANA CMHTEe3a OObEKTOB

BXxoa: CNOXHO CTPYKTYPUPOBAHHbIE 0OBEKTDI
BbiXoa: C/NI0XKHO CTPYKTYPUPOBAHHbIE OTBETbI

«coblpoble OaHHbIe» rnpu3sHaku omeembdl

obyuarouwjue _ rMOXOxce Ha

o5b(etfm75): a8MOKOOUPOBULUKOB
rain

Mpumepbl: CMHTE3 M300parXKeHn, nepeHoc CTUAA, pacNo3HaBaHME peyun,
MaLLUWUHHbIX NepeBos, Cymmapusauma TEKCTOB, ANasor C No/sb3oBaTenem

Mopenu: seg2seq, CNN, RNN, LSTM, GAN, BERT, GPT u gp.



[eHepaTMBHas cocTa3aTenbHas ceTb (GAN)

x = g(z,w) — moaenb reHepaunm peanmcTMyHoro o6 beKTbl X U3 Wyma Z

f(x,w") — mogenb KnaccupuKkaumm x «peanbHblii/creHepupoBaHHbIA»

min max Y, In f(x,w") +In (1 — f(g(z,w),w")) — coBmecTHOe 06yueHne
w w/

Real Face

m i . Sampling SN
Antonia Creswell et al. Generative E— @,, Discrimi
] . ) 'K iIscriminator
Adversarial Networks: an overview. 2017. . @ ““““““““““““ fonatNetwork (O

Zhengwei Wang et al. Generative
Adversarial Networks: a survey and e enerator
taxonomy. 2019.

by
\><\z><\_><\;><\

Generated Face

_._

Chris Nicholson. A Beginner's Guide to
Generative Adversarial Networks. 2019.

-
~
Pie)
~

O

Random noise
—]
/N NN\
0O O ©O O
/NSNS N/
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CnHTEe3 n306parkKeHnm n BUAEO

(d) mput image (&) output 3d face (I) textured 3d face Source Subject Target Subject 1

Caroline Chan, Shiry Ginosar, Tinghui Zhou, Alexei A. Efros. Everybody Dance Now. ICCV-2019.

Target Subject 2
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IBOMOUMA NOAXOA0B B 06paboTKe TEKCTOB

Jdekomno3uuua 3agad no ypoBHAM «nupamugbl NLP» o oalta
* MoOpPONOrnyYecKnmn aHanms, 1eMmaTmsauma, orneyaTkuy, ...

* CUHTaKCM4YyecKun aHanus, sbiaeneHmne tepmmnHos, NER, ... 4 Crrrancne

* CeMaHTUYeCKUI aHanus, sblaeneHmne GakTos, TEM, ...

Mopaenu BekTtopusauum cnos (3mbeamnHros) -

* Mmogenun gncTpnbyTMBHOM CEMAHTUKMN: " o /
word2vec [Mikolov, 2013], FastText [Bojanowski, 2016], ... N e

* TemaTtunyeckme moaenu LDA [Blei, 2003], ARTM [2014], ... g

HenpoceTteBble moaenu KOHTEKCTHOU BEKTOpU3aLuu

* peKyppeHTHble HEMPOHHble ceTn: LSTM, GRU, ... o tmas < 0|
* «end-to-end» moaenn BHUMaHMA N TpaHCHOPMEpPbI:
MaLLUWHHbIKM nepesog, [2017], BERT [2018], GPT-4 [2023], ...



ObyyeHne KOHTEKCTHOW BEKTOPM3aLLMM CNOB

X; — CNIOBO Ha [-M NO3ULUUN B KONNEKLMUN TEKCTOBbIX 4OKYMEHTOB
z; = [(x;,C;,w) — mogenb BEKTOpM3aLMmM CA0Ba X; NO KOHTEKCTY (;
p(x|i,z,w") — BepoaTHOCTHaA moAe/b NpeAcKa3aHWUA CI0Ba MO BEKTOPY Z

Loss(x;,w) = —Inp(x;|i, f(x;, C;,w),w") — noTepa oT npeacKasaHUs
CN0Ba Ha i-1 No3uumum no ero KoHTeKcTy (Masked Language Model)

you has the highest probability you,they, your..

Output [CLS] how are ‘ doing | today @ [SEP]

I O

BERT masked language model

Vaswani et al. (Google) Attention is all you need. 2017.

| | Jacob Devlin et al. (Google Al Language)
T T T T T T T BERT: pre-training of deep bidirectional transformers

Input cLs| | how | | are doing | | today | |[SEP] for language understanding. 2019.
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|\/|O,£I1€f||/| BHMMAHUA: MAaLLUHHbIW nepesos

o
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UHTepnpeTauma moaenem BHUMaHUA: Mampuua cemaHmu4yecKozao
cxoocmea Alt,i] noKa3biBaeT, Ha Kakune cnosa X[i] BXogHOro Tekcra
moaenb obpalwlaetr BHUMAHME, KOraa reHepPMpyeT ca10BO nepesoaa y|t]

Bahdanau et al. Neural machine translation by jointly learning to align and translate. 2015



Moaenn BHUMaHUA: aHHOTUPOBAHUE N300paXKeHUin

b

A stop sign is on a road with a
mountain in the background.

A little girl sitting on a bed with A giraffe standing in a forest with
a teddy bear. in the water. trees in the background.

UHTepnpeTauma: Ha Kakme obnactm moaenb obpallaet BHUMAHME,
reHepMpysa NOAYEPKHYTOE CNOBO B ONMCAHUN N306paKeHuUs

Kelvin Xu et al. Show, attend and tell: neural image caption generation with visual attention. 2016 a1



TpaHchopMmepbl: BONbLIME A3bIKOBbIE MOAENM

* 00y4aloTCA BEKTOPM30BaATb U NPeacKasbliBaTb C1I0BA NO KOHTEKCTY
* 0byyatoTcs no TepabaiiTam TEKCTOB, KOHU BUAEAN B A3bIKE BCEN
* MY/IbTUA3bIYHbI: 0OYyYalOTCA Ha AEeCATKaX A3bIKOB

* MY/IbTU3adauyHbl: ANA Kaxkaomn Hoson 3agaum NLP/NLU noctatouyHo
npenoby4yeHHOM mogenu nnm noobyyeHmna Ha HebonbLOW BbIbOPKe

Class Class

Label Label Start/End Span 0 B-PER 0]
— — *——— *—o 4 i
L )=]) - (=) =) -
BERT BERT BERT BERT
=] - (=] [=E EEeE- E ] s 5] - [=]
il — — L r
s | 1okt ) 7oz | (=) (=) (&) (s | o1 | vz | .
| \_'_1 \_'_1 | ‘
Sentence 1 Sentence 2 Single Sentence Question Paragraph Single Sentence
(a) Sentence Pair Classification Tasks: (b) Single Sentence Classification Tasks: (c) Question Answering Tasks: (d) Single Sentence Tagging Tasks:
MNLI, QQP, QNLI, STS-B, MRPC, SST-2, CoLA SQUAD vi.1 CoNLL-2003 NER

RTE. SWAG



Model Size (in billions of parameters)

TpaHchopmepbl: pa3mep MMeeT 3HaYeHue

PocT uncna napameTpos
601bLINX A3bIKOBbIX

Mmoaenemu
1000
GPT-3 | Megatron-Turing
(175B) NLG (530B)
100 s
Megatron-LM
(8.3B) ) ~ Turing-NLG
10 (17.2B)
(11B)
. —_ GPT-2
(1.5B)
BERT-Large
01 (340M)
| ELMo
(94M)
0.01
2018 2019 2020 2021 2022
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2o |=nm
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GPT-NeoX [ ]
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[Toobneckn obLLEro MCKYCCTBEHHOTO MHTENNEKTA

Sparks of Artificial General Intelligence:
Early experiments with GPT-4

Sébastien Bubeck Varun Chandrasekaran Ronen Eldan Johannes Gehrke
Eric Horvitz Ece Kamar Peter Lee Yin Tat Lee Yuanzhi Li Scott Lundberg
Harsha Nori Hamid Palangi Marco Tulio Ribeiro Yi Zhang

Microsoft Research (27 March 2023)

Hosble cnocobHocTn mogenu GPT, He 3aKnagbiBaBwiMeca npu eé obyueHuum:
* 00bACHATb CBOM OTBETHI, Nepedpa3npoBaTb, NEPEBOAUTb HA APYrue A3blKn
* pedepunpoBaTb, FrEHEPMPOBATb NAAHbI, CUEHAPUN, WABNOHbI

* CTPOUTb aHA/IOTUUN, MEHATb TOHANIbHOCTb, CTU/b, MNMYOUHY U3T0XKEHUA

* TreHepMpoBaTb NPOrPaMMHbIN KOA HA Pa3/INYHbIX A3blKaX

* pelaTb HEKOTOpbIE /IornMYeckmne U matemaTmyeckmne 3agadumn

* WCKaTb M NCcNpaBaAaTb cO6CTBEHHbIE OWMOKM NO NOACKa3Ke



HoBble (9MepaAXKEeHTHbIE) CMOCODHOCTU MOAENM

GPT-2: 14-Feb-2019
1,5 mnpg,. napameTpos, kopnyc 10 mapa. TokeHos (40Gb), koHTekcT 768 cnos (1,5 cTp.)

* CNocobHOCTb HaNMCcaTb 3CcCe, KOTOPOE KOHKYPCHOE KopK
He CMOT/10 OT/IMYMUTb OT HANMUCAHHOIO Ye/I0BEKOM



HoBble (9MepaAXKEeHTHbIE) CMOCODHOCTU MOAENM

GPT-3: 11-Jun-2020

175 mnpa. napameTtpos, Kopnyc 500 mapa. TOKeHOB, KOHTEKCT 1536 cnhos (3 cTp.)
* cnocobHOCTb AenaTb NepeBos Ha Apyrme A3bIKK

* CrNOCOBHOCTb pellaTb IOrMYECcKMe N NPoCcTenLIMe maTemMaTUYECKUE 3a4a4M

* CNOCOBHOCTb reHepMpPoBaTb NPOrPaMMHbIN KOA, MO TEKCTOBOMY OMUCAHUIO



HoBble (9MepaAXKEeHTHbIE) CMOCODHOCTU MOAENM

GPT-4: 14-Mar-2023

>1 Tpn. napameTpos, Kopnyc >1Tb, koHTeKcT 24 000 cnos. (48 cTpaHuL)

* CcNOCOHHOCTb ONUCbLIBATb U aHANIM3NPOBATb U306paXKeHUS

* cnocobHOCTb pearnpoBaTb Ha NoacKa3sku spoae «Let's think step by step»
* CcNOCOBHOCTb pellaTb KAaYecTBEHHbIE PU3NYECKME 334N NO KAPTUHKE



BO3MOXHOCTU M yrpo3bl: Y4aTbl GPT cnocobHbl

MOMOraTh C PYTUHHOMN UHTENNEKTYaIbHOM paboTomn

NCKaTb U CTPYKTYPUPOBATb NPOPECCMOHANBbHYIO
NHbOopPMaLMIO

fenaTb 0630pbl, pedepaTbl, CBOAKM Ha PA3HbIX A3blKaxX

reHepMpoBaTb TEKCTbl U CalTbl MO TeX. 3a4aHUIO,
B TOM YMCNe TEXHUYECKME, MeANLMNHCKNE, opUanYecKkue

reHepMpoBaTb NPOrPaMMHbIN KoA, NO ONUCAHUIO
06cyXaaTb HOBOCTU, NOAAEPKUBATb PA3roBOp MO TEME

pa3roBapmBaTth C 4ETbMM C YY4ETOM BO3PACTHbIX
ocobeHHoOCTEeU

BbINOJ/IHATbL (I)yHKLI,MM BOCNMTaTtend, yuntena, HaCtaBHUKaA

OKa3biBaTb NCUXO/NOTMYECKYHO NMOMOLLb

«ranNtoUMHUPOBATLY, AaBaTb HEBEPHbIE CBEAEHMUA,
KacaroLmeca 340p0oBbA YeN0BEKa, 3aKOHOB, COObITUH,
TEXHOMI0TUM, APYIUX Nt0AEN

BbI3blBaTb HEOHOOCHOBAHHOE AoBepune U MaHNNynanpoBaTb
YE/NNOBEKOM

nepeybexaaTtb, NOOYKAATb YENOBEKA K AENCTBUAM,
He BbIroAHbIM emy

noAAepP*KUBATb NPEAPACCYAKM N NKeHaYy4YHble
npeacTaBieHun

noaaepxunBeatb NponaraHANCTCKNE Mmeagmna-KamrnaHmu

HEKOHTPOAMPYEMO BAMATL Ha GOpMMUpPOBaHME
MWPOBO33PEHUA Y NOAPOCTKOB

OKa3biBaTb AenpeccnBHoOE BO3,£I,el\;ICTBMe Ha NCUXURY



Machine Learning

Deep@) ‘ %.‘k

Learning Foundation Models ‘M ‘?
Emergence of... “how” features functionalities
Homogenization of... learning algorithms architectures  models
. >
Text | l 8 Question 7 | = Image
b, Answering  *. %ﬁ‘; Captioning o
g J/Images ’ NV )
&
. 4 . ' Sentiment o Object
Speech/\/\/\/\{} - \Ap Adaptation ' ,‘5 ¥ . . Analysis '%iav? * Recognition
Training Foundation = -
" Structured Model
®  Data
& ( ) ™ Instruction
= [ KIS i : e Followin i
D Sianal Qi Information & éii 9 @
sugm 59 %Au Extraction \ < &

R.Bommasani et al. (CRFM, Stanford University). On the opportunities and risks of foundation models. 2021

OyHOameHTanbHble moaenn (Foundation Models)
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CopepxaHue

3. lMpumeHeHune, NnepcnekTuBbl, MUPbI
* OcobeHHOCTN NPaKTUYECKOro NPUMeEHeHUs TexHonornm N
* [lepcnektusbl paszsutna N
* Mudbl 06 UCKYCCTBEHHOM UHTENNEKTE

50



LLlarn npakTuyeckoro petweHus 3aaay Al/DS/ML

dopmanusauma noctaHosku, « AHK» 3apaumn

* [1aHO: BblOOpPKa «0OBEKTbI-MPU3HAKM —> OTBETbHIN
* HanTn: npepackasaTenbHaa MOAe/b
* Kputepuu: KadecTtBo npeackasanHmm (KPI)

Business Data
understanding understanding

N\

Data
preparation

MoaenupoBaHue [Demoymem] e T l

* NnpeaobpaboTKa N BEKTOpU3aLuMA AAHHbIX | [ —— ]
* popmanunsauma moaenu

e onTummn3sauus (obyyeHmne) moaenu /

* OUEHMBaHUE N BbIBOP moaenemn ~{ Fvauation

BHegpeHue

CRISP-DM:

* OUeHMBaHMe KavyecTBa opPpianH N OHNAUH CRoss Industry Standard Process
* MHTErpauma c busHec-npoueccamm for Data Mining (1999)



Passutme Al: astomaTtmsauma waros CRISP-DM
CRISP-DM: CRoss Industry Standard Process for Data Mining (1999)
(SPSS, Teradata, Daimler AG, NCR Corp., OHRA)

Business Data
understanding understanding

\

Data

[ preparation ]
[Deplo}'ment] e T l

[ Modelling ]

\[ Evaluation /

* Py4YHOE CO3A4aHMNE IKCMEPTHbLIX CUCTEM
— obyyaemble moaenu (ML)

* PY4YHOE KOHCTPYMPOBAHUE NPU3HAKOB
— oby4yaemas BeKtopusaumsa (DL)

* Py4YHOE OUEHMBAHME pPeLleHn
— aBTonoabop moaeneu (AutoML)

* pyyHOe BHeApeHWe 1 aKcnayaTaums
— becwoBHadA aBoatouma moaenen (RL)

* NMOHMMAHME NPUKNAAHOWN 3a434M
M NOHMMaHWE JaHHbIX
— Tenepb BCE yaue ChatGPT
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OcobeHHOCTU peanbHbIX AaHHbIX

B peanbHbIX NPUNOXKEHUAX AaHHble 6biBaloT ...

pa3HoOpoAHble (MPU3HAKU U3MEPEHDI B Pa3HbIX LLKasiax) cO 8CEM 3MUM
HenoaHble (MPU3HaKU M3MepeHbl HE BCE, MMEIOTCA NPOMNYCKN) MOXEes

pabomame
HEeTO4YHble (MPU3HaKN M3MepeHbl C MOrpPeLHOCTAMM) ©

npotTneBopeymsble (06bEKTbl OANHAKOBbIE, OTBETbI Pa3Hble)

n36bITOYHbIE (cBepxboblLUNE, HE NOMELLAOTCS B MaMSATb)
HO MOsibKO He

C 2PA3HbIMU
HEeCTPYKTYPMPOBaAHHbIe (HET NPM3HAKOBbLIX ONMUCAHWUN) daHHbIMU!

HepocTaTouyHble (06 bEKTOB MEHbLLE, YeM NPU3HAKOB)

«rpssHble» (owmnboyHble, rpybo He COOTBETCTBYHOLWMNE UCTUHE) 3



Heobxoanmeble ycnosusa npumeHeHmna N

* MlonHoOTa, YNCTOTQ, AOCTOBEPHOCTb AAdHHDbIX
e ABTOMaTU3aumAa n umdposusaumna bmusHec-npoueccos
* YayylieHmne KavyecTBa AaHHbIX (OT «unudppoBoro vyyena» K uMppoBOMYy ABONHUKY)
* TpyaoBaa 1 TEXHONOIMYECKaa AncUmMnIMHa npu paboTte ¢ AaHHbIMMU

* KynbTypa NOCTaHOBKMU 3a4a4
* [ToHMMaHune busHec-uenen n nx dopmanmsauma yepes N3IMepuMbIe KpUTEPUU
* [lpeameTHaA aKCNepTU3a BMECTO «abCcTpakTHOM Bepbl BO Bcemorywmnnn U»
e [OTOBHOCTb NMNOTUPOBATb HOBble TexHonornu («data-driven» Ha Bcex ypOBHAX)

* KynbTypa aHannsa AaHHbIX
* BhageHue cpeactBamm BU3yannsaumm  NOHMMAHUA AaHHbIX
* TwaTenbHbIM aHaNM3 owWMHBOK Npm BbiIbOPE Mmoaenen
* YMeHMe HaxoanTb «MPOCTble HO FTeHMANbHbIEY PELLIEHUA



Mwudpbl Nl ... No&

«B 6yaywem UcKyccTtBeHHbI UHTennexT...

.. TMWwnT ntogen paboTtbi»

.. byaeT ncnonb3oBaH ANA y3ypnauuu BAACTM Had MUPOM»

.. NIpUBEAET NtoAEN K NPA3AHOCTU N Aerpagaumnm»

.. CTAHEeT HACTO/IbKO MOLLHbIM, YTO Mbl MEPECTAHEM MOHMMATb €ro ueam»
.. CTAHeT aBTOHOMHbIM M PenInUUpPyeEMbIM, BbINAET N3-NO4 KOHTPONAY,
.. YHUUYTOXUT YeNI0BEYECKYIO LMBUIN3ALUIOY,

.. U BCIO OMONOrMYecKyto ¥X13Hb Ha 3emne»

.. NPOAO/I}KMUT BMECTO Hac 3BO/IIOLMIO Pa3yMa Ha 3eme U B KocMoce»



Mwudp No9

«bonblwKe A3bIKOBbIE mMogenu — 310 HOBbIN BUA UHTENNIEKTa»

* HET, INLLb HOBbIN A3bIKOBOW MHTEpdENC K coaepKmmomy MHTepHeTa
* NOCTOAHHO Y/IYYLUAEMbIA U COBEPLUEHCTBYEMBIN,

* C KOTOPbIM Ham NPUAETCA paboTaTb U K KOTOPOMY NPMUBbLIKATD,

* NOCTENEHHO M36aBNAAACL OT UANO3UN N KOTHUTUBHbIX UCKAXKEHUMN,

* UMeA B BMAY, YTO 3TO BCErO INLLb TEXHO/I0MUA
— npeackasaHma oAHOro C10Ba N0 OYEHb AJIMHHOMY KOHTEKCTY,
— ONTMMMU3ALUKN Mmoaenen o4eHb BOoNbLLINX Pa3MepPHOCTEN



Mud Ne10

«CKkopo byaer co3paH O6bwumnin UckycctBeHHblt UHTennekT (AGI)»

* HET onpeaeneHma, YTo MMEeHHO XO4YeTcA co3AaTb, U C KAKOU LeNblo
Otnnuma UM ot ectecTBEeHHOro 6MOIOrMYEeCcKOro MHTeNNeKTa:
* Hall MHTEeNNEKT 3BOIIOUMOHNPOBA KaK MHCTPYMEHT BbIXXMBAHUA

* Mbl 0by4yaemcs He no BbIbOPKam, a Ha OCHOBE ODBACHEHUUN yUUTENEN,
BOCMUTAHMUA, ONbITa, KOMMYHUKALUMNN, N3Yy4YEeHUs] eCTeCTBEHHOMN cpeabl

* Mbl Umeem KapTnHy Mmunpa, uenenoiaaraHme, Cctrpomm unBmnuin3ayumio

* Yy Hac 86 mapa. HEMPOHOB, U OHMN YCTPOEHbI HAMHOTO C/IOXKHEee



[ naBHoOe o TexHonormax N

NPUHLMN SMNUPUYECKON MHAYKUMKM PpaHcKca BaKkoHa
MMUHUMM3aUUA (M annPOKCUMALMA) SMMUPUYECKOTO PUCKA
perynapm3auma HEKOPPEKTHO NOCTABNEHHbIX 33434
KOHHEKLUMOHM3M U INyOOKne HempoceTeBble apPXUTEKTYPbI
BEKTOPM3aLUMA CIOKHO CTPYKTYPUPOBAHHbIX AAHHbIX

6onblwme AaHHble + 6bonblune moaenm + 6bICTPble BbIYUCNAEHUA
CamocToATe/IbHOE 0by4yeHne BMecTo 0byyeHua nNo pasmeTKe

obecneyeHme YNCTOTbl U MONHOTbI AdHHDbIX



naBHoe 0O oTHOoWeHun Araen K N

* N = Umntauma NHTennekta, Habop TEXHONOTMUN, HE OOBEKT, HE CYDDBEKT
* NN HauMHaeTcsa ¢ NOCTAaHOBKK 3ada4un JaHo-Haumu-Kpumepuu

e /IloOu CTaBAT 3d4a4y U HECYT OTBETCTBEHHOCTb 34 ee pelleHne,
3a Yyucmomy u rmosiHomy OQHHbIX — TOXe

* [nyboKue HelipOHHbIE cemu — He aHa/Ior MO3ra YeN0BEeKa, a
obyyaeman BeKTopm3auma CNO0KHO CTPYKTYPUPOBAHHbBIX AaHHbIX

* [eHepamueHblie MoOesniu — HE UHTENNEKT, @ HOBbIN A3bIKOBOM
NHTEPDENC K 3HaHWO-HeAOBEYEETBa COAEPKUMOMY MIHTEPHET],
C €ro n36bITOYHOCTbIO, HETOYHOCTbIO, NPOTUBOPEYNBOCTLIO



AHTpOMNoueHTpMnYHOEe onpeaeneHmne N

NckycecmeeHHbIU
UHMensneKkm — 3T10

|

BbIYMCIUTENbHbIE
TEXHONOTUMN,
co34aBaemble

AN NOBbIWEHUA

3P PEeKTUBHOCTH
MHTEeNNEKTYa/IbHOTO
Tpyaa nroaen.
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