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Anurpacd Nel

«YeTBEpTas TEXHONOTNYECKASH PEBONOLUS CTPOUTCS
Ha Be3fecyLuem n MobunbHoM VIHTepHeTe, MCKycCTBEHHOM
NHTENNIEKTe N MawmnHHOM 0byqennny (2016)

Knayc Maptun LLisab,
npesungeHt BcemnpHoro akoHomuyeckoro dpopyma

[o storo npo ML rosopunu nuiib Ha Hay4YHbIX KOH(DEPEHLUAX;
tenepb Al/ML — 370 «HOBbI gBUraTens nporpeccay,
«TEXHONOrUN, KOTOPbIE MEHSIIOT MUPY. . .



Anurpac Ne2 (otuérel Benoro Joma CLUA, okts6ps 2016)

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

@ Llndposas n pacnpegenéHHas 3kOHOMMKa
ABTOMaTM3aUNsi N COKPALLEHUNE N3AEPXKEK
ABTOHOMHBbIN TpaHCROPT n poboTusauus
OnTumun3ayms norucTuKM 1 ueneli NOCTaBok
Ontumunsayus snepretudeckux cetein (Energy Tech)
Astomatusauuns 6ankosckux ycnyr (Fin Tech)
AsTomaTusauus topugmnyeckux ycnyr (Legal Tech)
AsTomaTusaunsi obpasosatenshbix yenyr (Ed Tech)
AsTtomaTusauus pabotsl ¢ kagpamu (HR Tech)
MepconanbHasa meguumnna (Med Tech)

AsTomaTusauus B cenbckoMm xo3siictae (Agro Tech)

¢ © ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

AgToHOMHbIe cuctembl Boopyxenuii (Mil Tech)

Preparing for the Future of Artificial Intelligence. NSTC. 2016.




0 JomalwinHHas ncropus MawmHHOro obyyeHus
@ DMnupuYeckas UHAYKLMUS 1 Hay4YHbI METOA,
® 3ajaya perpeccuu: MCTOPUYECKME NMPUMEPSI
® 3apayva knaccudnKaummn: MCTOPUHECKEe Npumepsl

© Bazosbie noHaTua u 0603HaueHUs
© [lanHble B 3agavax obydeHnsi no npeueseHTam
@ [NapameTpuyeckne mogenu n anroputmbl obyyeHus
® ObyueHne un nepeobyqenune

© Npumepsr npuknagubix 3agay
@ 3agaun knaccudpmkaymu
® 3agaun perpeccun
9 3afjaym paHXupoBaHus



[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas UHAYKLNS U Hay4HbIl MeTop
3apava perpeccuu: McTopuHeckme npumMepsbl
3apava knaccudpukaymm: NCToprmHeckne NpruMepbl

MpuHUMN 3MNUPUYECKO MHAYKL UM

«He cnegyet nonaratbcs Ha chOpMynMpoOBaHHbIE
aKkCcnombl 1 popmanbHble 6a3oBble NOHATHUS,
KakuMm Dbl NPUBAEKATENbHLIMU U CPABEAINBLIMM
OHUN HE Ka3alnChb. 3aKOHbI NPUPOAbLI HY>KHO
«pacwndpoBbiBaThY U3 (HAKTOB ONbITA.

CnepyeT nckaTb NpaBubHbI MeTOq,

aHanm3a n obobLeHNs ONbITHLIX JAHHBIX;

3eCh noruka ApncToTens He NOAXOAUT B CUNY

€€ abCTPaKTHOCTN, OTOPBAHHOCTW OT PeasibHbIX PpsHcuc BakoH

NpoLeccoB N ABMEHUNIA. » (1561-1626)

Tabnuya oTkpbITUS: MHOXECTBO obbekToB {Xx;: i =1,... ¢}
o fi(x) — n3mepsiemble npusHaku obbekToB, j =1,...,n

@ y; € R — n3mepsiemoe 3HaueHue yeseBoro cBoiicTea xj, Nnbo
yi € {0,1} — oTcyTCTBME MNM HanU4Ne LENEBOro CBONCTBA

PpsHcuc bakoH. Hoeeiii opranox. 1620.

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN



[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas UHAYKLNS U Hay4HbIl MeTop

3apava perpeccuu: McTopuHeckme npumMepsbl

3apava knaccudpukaymm: NCToprmHeckne NpruMepbl

Hay‘-IHblﬁ MeTO/[: OCHOBHbIe Warn n npnHuunbl

Habnogenus (3Mnupuyecknii onbIT, N3MEPEHUS, SKCNEPUMEHTbI)
lunotesa (mogens, Teopus) obbscHaeT n obobuwaeT HabnogeHus

Mpunyun sepucpuyupyemoctn (Ppavcuca Bakowa):

rMnoTesa NOATBEPXKAAETCA U3MEPUMbIMU HabAOAEHNAMN
MMpuuyun panscucpuympyemoctn (Kapna Monnepa):

OOJ/DKHBI CYLLLECTBOBATL CMOCObLI ONPOBEPrHYThL MMMNOTE3Y
lNpuHymn cooTBETCTBMSA: HOBasi rMNOTE3a UAN TEOPUS

JOJDKHA BKJIHOHATh NMPEXHIOK KaK YacCTHbIA ciy4yaii

MMpuuyun munnmansroii goctatoynoctu (bputea Okkama):
Cpean Bcex obbsicHeHuii cnefyeT BbIbUpaTL CaMoe MpOCToe
lMpunynn BocrnponzsoanmocT: coobLiecTBy AOMXKHO bObITb
NpenoCTaBieHo BCE Heobxoaumoe ANA NOBTOpEHUs pesynbTaTa
MMpuuyun yectHoctu (Pnyappa Peiiimana): runortesa gosxHa
COMPOBOXAATLCA YKa3aHWeM eé «Cnabbix MECT», BO3SMOXHbIX
ownboK, NPOTUBOPEYNiA, FpaHuL, NPUMEHNMOCTN

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN
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[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas UHAYKLNS U Hay4HbIl MeTop
3apava perpeccuu: McTopuHeckme npumMepsbl
3apava knaccudpukaymm: NCToprmHeckne NpruMepbl

BocctaHoBneHue 3aBucumocTeii no aMnnpnyeCcKnm AaHHbIM

daHo: obyyarouias B|>|6opKa Ao h

obwekToB X; = (fi(X;), ..., (X)) € Xl "
c orsetamu y; = y(x;) € Y i=1,. Z
Haiitu: napamerpel w mogenn a(x, W), X Ve

npubnmxatoweii 3asucumocts y: X — Y

Kputepuii: MuHumMym smanpun4eckoro pucka

l
S Z(a(xi, w), i) — min,
i=1

Z(a,y) — ¢pyHkyus noteps (OTBET MOZENM 3 PN NPABUIBHOM Y)

OcHoBHble TUMbI 32434 MALUMHHOIO 00y4YeHusi C yuynrtenem:
o Z(a,y) = (a—y)? B 3apauax perpeccum, y; € R
o Z(a,y) =[a#y] B3apgavax knaccucpukauyumu, y; € {0,1}
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[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas MHAYKLNS U Hay4HbIli MeTop
3apaya perpeccmm: uctopuyeckue npumepbt
3Bapaqa knaccudukauMn: MCToprHeckme NpUMepbl

MeTtoa HaumeHbwnx kBagpatos (laycc, 1795)

JlnHeiinas Momens perpeccuu:

n
a(x,w) = Y w;fi(x), w € R”
j=1
MeTogn HaMMeHbLINX KBAJPATOB:

¢ 2 .
Q(w) = Y (alxi,w) — yi)” = min

Kapn ®pngpux

i=1
oty s e gy Faycc (1777-1855)

870
=

«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.

840
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[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas MHAYKLNS U Hay4HbIli MeTop
3apaya perpeccmm: uctopuyeckue npumepbt
3Bapaqa knaccudukauMn: MCToprHeckme NpUMepbl

BoccTtaHoBneHue ypaBHeHusa 311mnca no To4kam

OaHo: (x,-,y,-)ff:l — TOYKW 3NUNCA, B AEKAPTOBBLIX KOOPAMHATAX,
M3MEPEHHbIE C MOrPELLIHOCTAMM

Haiitu: napametpsl wjj (i + j < 2) ypaBHeHus snnunca
waox> + wiixy + wo2y® + wigx + wory + woo = 0

KpuTtepuii: metog HaumeHblunx kagpatos (least squares)

L

) 5 2 .
Z(WQ()X,- + wiiX;yi + wo2y; + wioxi + woryi + Woo) — min
i=1

370 Mogenb, NNHeliHaa no napamerTrpam Wpp, W11, Wp2, W10, Wo1, Woo

Bonpoc 1: nouemy Takas Hymepauus napameTpos?
Bonpoc 2: rae 3aeck npusHakn? rae uenesoe CBONCTEO?
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[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas MHAYKLNS U Hay4HbIli MeTop
3apaya perpeccmm: uctopuyeckue npumepbt
3Bapaqa knaccudukauMn: MCToprHeckme NpUMepbl

BoccTtaHoBneHue ypaBHeHUs1 3AMMNCa No ToYkKam: 2-i cnocob

Oano: (t,-,x,-,y,-)ff:1 — TOYKMN 3nAMNCa, AobaBAeHbl N3MepeHUs
MOMEHTOB BPEMEHU t;, TOXKE C NOrpPeLHOCTAMM

HaiiTu: ypaBHeHne annunca B napameTpuyeckoii hopme
x(t; R,a,b,xp) = Rcos(at + b) + xo
y(t;r,a,b,yo) = rsin(at + b) + v

KpuTtepuii: metog HaumeHblnx kagpaTos (least squares)

14

Z(X(t;; R,a, b, xp) — x,-)2 + (y(t,-; rya, b, yo) — y,-)2 — min
i=1

Mogenb nuHeiiHa no napametpam R, r, xg, Yo, HE NuMHeliHa no a, b

Bonpocsbi: rae 3geck npusHaku? mogens? Lenesoe CBOWCTBO?
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[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas MHAYKLNS U Hay4HbIli MeTop
3apaya perpeccmm: uctopuyeckue npumepbt
3Bapaqa knaccudukauMn: MCToprHeckme NpUMepbl

BoccTtaHoBneHue ypaBHeHUs 3naunca no To4kam: 3-i cnocob

OaHo: (ap,-,p,-)ff:l — TOYKM SNNAUMNCA B NOASIPHbIX KOOPAMHATAX

Haiitu: ypasHeHne annunca B noasipHbIX KOOPAMHATAX
R

ple) = 1 —¢ecosyp

KpuTtepnii: MeTog HauMeHbLUNX KBaApaTOB, ABa BapuaHTa:

‘ R 2 . ‘ 2 .
Yt camg ) iy lepicoseitRp)” o min
Bonpoc 1: mogens AuHeliHas nan He nuHeiiHaa no napamerpam?
Bonpoc 2: rge 3peck npusHaku? rae ueneeoe CBONCTBO?

Bonpoc 3: noyemy B Mogenu aga napameTpa, a He LIeCTb?
Bonpoc 4: kakne gaHHbie Ha camom fene beinu y Maycca?
Bonpoc 5: rae cdokyc annunca? kak fanee yCaoOKHATb MOAeNb?
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[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas MHAYKLNS U Hay4HbIli MeTop
3apaya perpeccmm: uctopuyeckue npumepbt
3Bapaqa knaccudukauMn: MCToprHeckme NpUMepbl

Wctopus tepmuna «perpeccua» (ManbtoH, 1886)

HdaHo: (x,-,y,-)‘ff:1 — OTKJIOHeHMe pocTa oTua (x;)
n B3pocnoro ceiHa (y;) OT cpeaHero B nonynsiLumn

Haiitu: mogens HacnegcTeenHocTn pocta y(x) = kx

Kputepuii: MeTog HauMeHbLINX KBaApPaTOB

yi ® RN DPpancuc
R ManbTOH
(1822-1911)

R A N ¢

Bonpoc: 4To 6bino b6bl npu k > 17
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[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas MHAYKLNS U Hay4HbIli MeTop
3apaya perpeccmm: uctopuyeckue npumepbt
3Bapaqa knaccudukauMn: MCToprHeckme NpUMepbl

Wctopus tepmuna «perpeccua» (ManbtoH, 1886)

<<Perpeccm9| K NOCPEACTBEHHOCTN» — Yron Hak/OHa MeEHbLUE 1
CKprTblﬁ CMbICJT: O6paTHbIﬁ X0o4, nccnegoBaHnsa OT AaHHbIX K MOoAenn
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Galton F. Regression towards mediocrity in hereditary stature. 1886.
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[JomalimHHas nctopusa mMallMHHOro obydeHunsa

dMnupuyeckas MHAYKLUSA U Hay4HbIA MeTon
3apava perpeccun: McTopuHeckue npumMepsbl
3apaqa knaccudukaunun: MCTopUYecKne NpUMepbl

3apava knaccucukauymm usetkos npuca (Puwep, 1936)

Oaxo: n = 4 npusHaka, |Y| = 3 knacca, Habntopenuii £ = 150

ANVHa Yalenuctvka

LMpUHa Yalenuctvka

AnvHa nenectka LMpUHa nenecTka

&,sﬁ’

o

000° o

%‘bo
. 9
Fy

5 6 7 20 25 30 35 4.
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K. B. BopoHuos (k.v.vorontsov@phystech.edu)
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Iris-virginica

BeMO: sagaqn smnupuyeckoii nHAYKUMN 14 /36



[omalimHHas ncTopusi MalWMHHOro obydeHus dMnupuyeckas MHAYKUUSA U Hay4YHbIA Ton

3apava perpeccun: McTopuHeckue npumMepsbl

3apaqa knaccudukaunun: MCTopUYecKne NpUMepbl

JlnneiHbii AMCKpUMUHaHTHBIA aHanus (P.®uwep, 1936)

Haiitu nuneiinyto mogens knaccudpmkauun:

a(x, w) = sign ( Z wifi(x) - WO)
<

KpuTtepuii: B npoekuun Ha HanpaeastoWwmMia
BEKTOP W pa3fensitoLleil rmnepniockocTu
BEPOSITHOCTb OIMGKM MUHUMANbHA:

Poxanbpg
Duwep
(1890-1962)

~a 'l’ . .
o,
’ll,. .

2 2 6 -2

Fisher R. A. The use of multiple measurements in taxonomic problems. 1936.
K. B. BopoHuos (k.v.vorontsov@phystech.edu)

BeMO: zapgaqn amnupuyeckoii MHAYKLUN



Januble B 3agaqax oby4yeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyderue

(Dopmanvl3au,vm NMOCTAHOBKW 3a4a41 B MAaWWUNHHOM o6yqu|/w|

Oano: X — npocTpaHcTBO 06BEKTOB
Xt ={x1,...,x} C X — obyyarowas sbibopka (training sample)
a(x,w), a: XxW — Y — napameTpuyeckasi MoAesb, runoTesa

Haiitu w € W — Bektop napametpos mogenu a(x, w)

Kputepuii MnHIMN3aumn SMNMpnYeckoro pucka
(empirical risk minimization, ERM):

)4
> L(w, )+ R(w) — min
i=1 v
Z(w,x) — ¢pyrkuns noteps (loss function),
Tem bonblue, yem xyxe mogens a(x, w) obpaborana obbekT x

H(w) — perynsipuzatop gnsi bopMann3aLum SOMOSHNTENbHbIX
(kak npaBuno, He NpeueaeHTHbIX) TpeboBaHmii K Mogenu
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JanHble B 3apaqax oby4eHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyderue

Kak 3agatorca o6bekThl. BekTopHOoe npu3HakoBoe onucaHue

fi: X = Dj, j=1,...,n — npusHaku obwvekToB (features)

Ckansipuble (0GHOMEpHbIE) TUMbI NPU3HAKOB:

D; = {0,1} — 6uHapHeiii npusHak f;

@ |Dj| < 0o — HomuHanbHeii npusHak f;

@ |Dj| < 0o, Dj ynopsinoyeHo — nopsizKoBbIii npusHak f;

@ D; = R — konuqectserHbiii npusHak f;

Bekrop (fi(x),...,fn(x)) — npusHakosoe onucanne obwvekta x

MaTpuya «obvekTei—npusHakuy (feature data)

fl(Xl) e fn(Xl)

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN 17 / 36



[HaxHble B 3apaqax oby4eHns no npeuepeHTam

Basosble noHaTus n obosHaveHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns

Ob6y4eHne n nepeobyderue

Kak 3apgatorca 06bekTbl. CN0OXKHO CTPYKTYpUpPOBaHHbIE faHHbIe

CnoxkHble Tunbl MNPU3HAKOB:

TEKCT, CAMBOJIbHaA AWCKPETHO3HAa4YHaA NOCA€N0BATE/IbHOCTb
CUrHan, HENPEpPbIBHO3HA4YHasA NMOCNEO0BATENBbHOCTb
uépHo-benoe, cepoe nzobpaxernne — 2D-maTpuua

LIBETHOE, MHOrO30HaNbHOe n3obpaxerne — 3D-maTpuua
BUAEO, NOCNEA0BATENBHOCTL N306parkeHnii

TpaH3aKuuUW, B3aMMOAEACTBNA C Apyrumu obbekTamu

BCE 3TO BMecCTe — MYNbTUMOAQ/IbHbIE OAHHbIE

Bbigenenne npusHakos (feature extraction)

BblYMCNEHME npu3Hakos no opmynam (feature engineering)
reHepauunsi BekTopos npusHakos (feature generation):
f(x,w), f: Xx W' = R" — mogens sBekTopusayum obbekra

¢

E X(W, f(xi, W’)) — min — oby4eHne BekTOpN3aTOpa
w,w

i=1

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN
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JanHble B 3apaqax oby4eHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyderue

Kak 3agatotca oTrBetbl. Tunbl 3agay

3apgauu obyueHus c yuutenem (supervised learning):
Ha obbekTax x; € X! 3azaHbl NpaBUbHbIE OTBETHI ; = y(xi)
3agaun knaccudpukauyum (classification, Y — class labels):

@ Y ={-1,+1} — na 2 knacca (binary classification)

o Y ={1,...,M} — Ha mHoro knaccos (multiclass c.)

@ Y ={0,1}M — na nepecekatowumecs knaccer (multilabel c.)
3aja4n BeeeTatoBAeHs perpeccum (regression):

@ Y=RuwunmY=R"
3agaqu parxuposatus (ranking, learning to rank):

@ Y — KOHEYHOE YNopsiJOHEHHOE MHOXECTBO

3apaun obyueHusn 6e3 yuutens (unsupervised learning):

@ OTBETOB HET, TpE6y€TCF| YTO-TO A€NaTb C CaMnMn obbekTamum

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN 19 /36



[aHHble B 3apadvax oby4eHus no npeuepeHTam
Basosble noHaTus n obosHaqeHns MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Obyu4enne n nepeobyqeHne

Cratuctuyeckoe (MawmnHHoe) obyyeHue ¢ yuntenem

= obyuyeHune no npeueneHTam

= BOCCTaHOB/€HUE 3aBUCUMOCTEN No AMONPUYHECKNM OaHHbBIM
= npenckasaTenbHOe MOAENNPOBaHNE

= annpokcumaumsa dpyHKUuli No 3aAaHHBIM TOYKaM

[lBa OCHOBHbIX TWNa 3afa4y — KaCCUhUKaUnsi n perpeccusi

Classification Regression

”
... \\ . P
() a, NN ..'.. L
~ e
o ® Sn -‘®
o @ .~. N r ) ()
~
e %a» ..
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Januble B 32 oby4eHns no npeueneHTam
Basosbie noHaTua n obosHaqeHus Mapamerpuyeckne mogenu n anropuTmbl obyHeHus
Ob6y4eHne n nepeobyderue

Kak 3apgatoTca npeackasaTtenbHblie mogenu

Mogens (predictive model) — napameTpuyeckoe cemeicTeo yHKLNiA
A= {a(x7 w) | w E W},

roe a: X x W — Y — dukcuposanHas dyHkuLus,
W — MHOXeCTBO AONYyCTMMbIX 3Ha4YeHUli napameTpa w

Mpumep.

Jluneiinas mogesnb ¢ BeKTOpom napametpos w = (wi,...,w,) € R™

n
a(x,w) = Z w;fj(x) — nns perpeccum n parxuposanus, Y =R
j=1

n
a(x,w) = sign Z w;fi(x) — ans knaccudpmkauyuu, Y = {—1,+1}
j=1
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Januble B 3agaqax oby4yeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus Mapamerpuyeckne mogenu n anropuTmbl obyHeHus
Ob6y4eHne n nepeobyderue

Mpumep: 3agaya perpeccuun, CUHTETUYECKUE JaHHble

X=Y=R, £=200, n=3 npusHaka: {x,x%,1} unn {x,sinx, 1}

Linear regression

12 T T T T T T T T 7
+  sample data .
= 2
10H ymagema_\'"1 3 Ay +
Yyeg™ Wy HH SN0ty .

@ BbIYNCNEHNE HOBbIX NMPU3HAKOB MOXXET oboratuTh MoAenb
@ Ha NPaAKTUKEe OYEHb BAaXXHO «MPaBUIbHO yragaTb MOAEb»
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Januble B 3agaqax oby4yeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus Mapamerpuyeckne mogenu n anropuTmbl obyHeHus
Ob6y4eHne n nepeobyderue

Anroputm 0by4eHus, aTanbl 00y4eHUs U NpUMeHeHUs

31an oby4eHus (train):

anroputm obyyenns (learning algorithm) p: (X x Y)! — W
no eeibopke X¢ = (x;, y;)f_; cTpont cymkumo a(x, w),
oueHusas (onTumusnpys) napameTpsl mogenn w € W:

fl(Xl) fn(Xl) y Y1 i
— —r W

f00) ... F(x) Ve

dTan npumeneHus (test):
dyHkums a(x, w) pns HOBbIX 0BBEKTOB X/ BbIAAET OTBETHI a(X!, w):

f(x)) ... fa(x)) a(xy, w)

A(d) .. £(x) a(x}, w)
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Danuble B 3agauax obyuyeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyqerue

Kak 3apatoTca pyHKUuMn notepb

®yHKUMKM NoTepb Ans 3agay knaccudukaymu:
o Z(w,x) = [a(x,w) # y(x)] — wnankaTop ownbkn
@ ans mogenu a(x,w) =sign b(x,w), Y ={-1,+1}:
ZL(w,x) = L(b(x,w)y(x)) — margin-based cbynkuuns noteps,
L(M) — HenpepbiBHasi HeBO3pacTatoLwas yHKLMsS OT
M(x,w) = b(x, w)y(x) — otctyn (margin) obbekta x

®yHKUUN NoTepb ANS 33434 Perpeccuu:
o Z(w,x) = |a(x,w) — y(x)| — abcontoTHoe 3HaueHne owmbKM
o Z(w,x)=(a(x,w)— y(x))2 — KBagpaTuyHasi owmbka

MeTon HaumeHbLNX KBaAPATOB — YacTHbIA cnydali ERM:
¢

Z(a(x,-, w) — y,-)2 — mmi/n

i=1
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Januble B 3agaqax oby4yeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyqerue

Mpumep PyHre. Annpokcumaumsa pyHKLUMN NOANHOMOM

®yHkuuns y(x) Ha oTpe3ke x € [—2,2]

1
© 1+425x2
MpusHakosoe onucanme obbekTta x — (1,x1,x2 ..., x")

Mogenb nonanHoMunanbHOR perpeccum

a(x,w) = wo +wix + -+ + wpx" — nonuHom ctenexu n
ObyueHne MeTOLOM HaMMEHbLUMX KBALPaTOB:

4
Q(W7X£):Z(WO+Wlxl-_|_...+WnXin_yl_)2 s min
i=1 .

Obyuatowjas Beibopka: X! = {x,- = 4% -2 ‘ i=1,... ,E}
KonTponbHasi Bbibopka: XK = {x; = 4% -2 | i=1,...,0— 1}

YT1o npouncxoanT ¢ Q(W,Xe) " Q(W,Xk) npn ysenudenun n?
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Januble B 3agaqax oby4yeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyqerue

Mpumep Pyure. MepeobyyeHue npu n = 38,

1

W; a(x) — nonuHom crenewn n = 38
X

y(x) =

y(x), a(x)
10
09 4
08 3
0.7 §
06
05 1
04
03
02 4
0.1 §

0 . p-0-0-0-9-0-¢
0.1 4
-02 4

-01 0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

—e— y(x), obyyatoLian Bblbopka  —O— Y(X), KOHTpONbHas Bbibopka —— a(x)
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[Januble B 3apaqax oby4eHns no npeuepeHTaMm
Basosbie noHaTua n obosHaqeHus MapameTpudeckne mogenu n anropuTmbl obyqeHus
Ob6y4eHne n nepeobyqerue

Mpumep PyHre. 3aBucumocts @ OT CcTeneHU NOJMHOMA N

Mepeobyuenne — ato korpa Q(u(X4), X*) > Q(u(X"), X"):
0

07 ]
06
05 |
0.4
03 ]
02 ]

0.1

-0.0 1

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

—o— Ouwmbka Ha obyyeHun  —o— OLumbka Ha KOHTpone v OnmMyM CroXHOCTU

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN 27 /36



Basosble noHaTus n obosHaqeHns

OaHHbie B 3 YHeHNSA No npeLeneHT:

MapameTpudeckne mogenu n anropuTmbl obyqeHus
Ob6y4eHne n nepeobyqerue

Mpobnembl Hegooby4eHsa n nepeobyyeHus

OTBETHI o OTBeThbl %

06beKThl 06beKTbl

HefoobyyeHMne

@ Hepoobyuenne (underfitting):

JaHHbIX MHOTO,
MapamMeTpoB HEeLOCTaTOYHO,
Mofenb NpocTas, Hernbkas

@ [lepeobyuenne (overfitting):
JaHHbIX Maio, NapaMeTpOB
CAULIKOM MHOFO, MOAEeNb
CNoXHas, n3bblToyHo rubkas

K. B. BopoHuos (k.v.vorontsov@phystech.edu)

06beKThl

nepeobyyeHue

0

07
06
05
04 ]
03 1 HepoobyyeHne
02
041 ]
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Danuble B 3agauax obyuyeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyqerue

MepeobyyeHue — kno4eBas npobiemMa B MallMHHOM 00y4veHUn

© W3-3a yero Bo3HukaeT nepeobyyeHue?
— n36bITO4YHbIE NapaMeTpbl B Mogenu a(x, w) «pacxogytoTcsy
Ha YPE3MEpPHO TOYHYHO MOATOHKY nog obydatolyto BeIbOpKyY
— BbIbOp a U3 A NpoM3BOANTCS NO HenonHol nHdopmaumn X'

© Kak obHapyxutb nepeobyqeHue?
— 3MnMpUYecKn, nyTém pasbueHus BbIbOpkM Ha train n test
(Ha test fOMKHBI BbITH N3BECTHBI NPaBUbHBIE OTBETHI)

© WN3baBuThHCA OT Hero Henb3sa. Kak ero MmuHuMmusunposats?
— yBenmuyuBaTh 0bbéM obyvatowmx pavHbix (big data)
— Hak/aAblBaTh OrpaHuyeHnsi Ha w (perynapusayus)
— MUHUMUN3NPOBATb OAHY U3 TEOPETUYECKMX OLEHOK
— Bblbupatb nydwyo mogens (model selection) no ouexkam
obobuatoweli cnocobrocTun (generalization performance)
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Januble B 3agaqax oby4yeHns no npeuepeHTam
Basosbie noHaTua n obosHaqeHus MapameTpuyeckne mopenn n anropuTmbl 0by4eHuns
Ob6y4eHne n nepeobyqerue

AMnupuyeckme oueHkn obobLaroLLeid cnocobHocTm

@ DMnupuyecknii puck Ha Tectosbix gaHHbix (hold-out):
HO(, X%, X¥) = Q(u(X"), X*) = min
o Ckonb3siwynii koHTposb (leave-one-out), L = ¢ + 1:

L

LOO(u, Xb) = %ZX(M(XL\{X,}),X,) — min

i=1
@ Kpocc-nposepka (cross-validation), L = ¢ + k:
V(XY = 37 QUu(X). Xf) — min
‘ ’pGP

roe P — mHoxecTBo pasbuennii XL = le U X;I;
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3apaumn knaccudpmkayum
3apaqn perpeccun
Mpumepbl npuknagHbIx 3aga4 3apgaqn paHxuposaHus

3apgaun mMeguULUMHCKOW AMArHOCTUKKN

OO6ObeKT — nauMeHT B ONpPeAenéHHbIi MOMEHT BPEMEHN.
Knaccel: gnartos nam cnocob nedeHus unm ucxon sabonesanus.

Mpumepbl Npn3Hakos:
@ OuHapHble: non, ronogHas bonb, cnabocTb, TOWHOTa, 1 T. 4.
@ NOPAAKOBbIE: TSXKECTb COCTOSHUSA, XKENTYLIHOCTb, U T. 4.

@ KOJINYECTBEHHbIe: BO3PaCT, Ny/bC, apTEpPUANbHOE AABNEHUE,
cogepXaHue remorniobuHa B KpOBW, [03a npenapata, u T. A.

OcobeHHoCTN 3agaun:
"] O6b|‘-IHO MHOro «nponyckoB» B AadHHbIX;
@ Hy)XHa UHTepnpeTupyeMasi Mofenb Kiaccudukayum;
"] HY>XHO BblIOE€NATb CMHAPOMbI — COYE€TAHWUA CUMITOMOB;
9

HY>XHa OLEHKa BEPOATHOCTWU OTPULATENBHOIO MUCxoAaa.
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3apaumn knaccudpmkayum
3apaqn perpeccun
Mpumepbl npuknagHbIx 3aga4 3apgaqn paHxuposaHus

3apgaya meguumHckoin gmarHoctuku. Mpumep nepeoby4eHus

3apgaya npeackasaHusi OTHANEHHOrO pe3yabTaTa XUPYPru4eckoro
JIEYEHUNS aTEpPOCKNEPO3a; TOUYKM — pa3finyHble peluatoline npaeuna

Yacmoma owubok na konmpone, %

15

14
13
12 4 T

11 4

: hy il
v

W s~ 0o

—p>
L’
<

3 4 5 6 7 8 9 10 11 12

Yacmoma owubok Ha obyuenuu, %

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN 32/36



3apaumn knaccudpmkayum
3apaqn perpeccun
Mpumepbl npuknagHbIx 3aga4 3apgaqn paHxuposaHus

3agaya KaTeropusalmy TeKCTOBbIX JOKYMEHTOB

OOBEKT — TEKCTOBbI JOKYMEHT.

Knaccbl — pybpuku mepapxud4eckoro TemMaTUYECKOro KaTasora.

Mpumepbl Npn3Hakos:
@ HOMMWHA/IbHbIE: aBTOpP, N3ZaHMe, TO4, W T. 4.

@ KOJINYECTBEHHbIe: 4J1s KaXKAO0ro TepMMHA — 4acToTa
B TEKCTe, B 3aroJioBKax, B aHHOTauuu, U T. A.

OcobeHHocTn 3agaun:
@ Wb H860J'IbLIJa$| H4aCTb OOKYMEHTOB UMEKT METKUN Vi;
@ [OKYMEHT MOXET OTHOCUTLCA K HECKOJIbKMUM pybpukawm;

@ B KaxaoMm pebpe aepesa cBoii knaccudumkaTop Ha 2 Knacca.

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeMO: sagaqn smnupuyeckoii nHAYKUMN 33/36



3apaun knaccucbukaymmn
3apaum perpeccumn
Mpumepbl npuknagHbIx 3aga4 3apgaqn paHxuposaHus

3agaya NporHO3MpoBaHUS CTOMMOCTU HEABUXXUMOCTHU

O6bekT — kBapTupa B Mockse.

Mpumepbl NpU3HaKoB:

@ OuHapHble: Hannuue bankoHa, nudpTa, Mycoponpoeoaa,
OXpaHbl, N T. 4.

@ HOMMHAJIbHbIE: paiioH ropoja, Tun Aoma
(kupnunyHbIii /naHenbHbli /6104HbIN /MOHONNT), 1 T. A.

@ KOJIMYECTBEHHbIe: YNCA0 KOMHAT, Xuaas nnowagb,
paccTosiHMe A0 LeHTpa, 4O MeTpo, BO3pacT AoMa, U T. 4.

OcobeHHoCTHN 3agauun:
@ BbIOOpKa HEOJHOPOAHA, CTOMMOCTb MEHSETCA CO BPEMEHEM;
) PA3HOTUNMHBbIE NPU3HAKN;

@ [/15 NUHERHON Mofenu HyXXHbl Npeobpa3oBaHNs NPU3HAKOB;
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3apaun knaccucbukaymmn
3apaqn perpeccun
Mpumepbl npuknagHbIx 3aga4 3apa4m paHxuposaHus

3apava paHXUpoBaHUS MOWCKOBOI Bblgayu

O0bekT — napa (KOpPOTKUIA TEKCTOBbIN 3aMpocC, JOKYMEHT).

Knaccbl — penesaHTeH Uau He peneBaHTeH,
pa3MeTKa Aenaetcs AoAbMU — aceccopamu.
Mpumepbl KONNYECTBEHHbLIX NPU3HAKOB:
@ 4acToTa C/IOB 3anpoca B JOKYMEHTe,
@ YUCNO CChINIOK Ha AOKYMEHT,
@ 4YNCNO KJIMKOB Ha JOKYMEHT: BCEro, N0 AaHHOMY 3amnpocy.
OcobeHHoCTN 3agaun:
@ ceepxbosblumne BLIBOPKU JOKYMEHTOE;
@ ONTUMU3NPYETCSt HE YUCIO0 OWNDOK, a KAYECTBO PaHXXNPOBaHUS;

@ npobnema KOHCTPYMPOBaHUSI MPU3HAKOB MO ChIPbIM LAHHbBIM.
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Pestome. ®unococdusa mawimHHoro ody4eHuns

MawunHHoe 0by4YeHne — aBTOMaTM3aLUMA HAay4HOro MeToaa
— HabarogeHus, namepeHns — BbIbOPKa JaHHbIX

— runoTesa — MOLENb, NapaMETPUYECKOe CEMERCTBO pyHKUuMiA

— Bepugpnympyemocts — obyuerue (train) nytém ontummsaunu
— panbcughnympyemocts — nposepka (test) Ha HOBBIX AAHHbIX

— COOTBETCTBME — NPOLECC NOCTENEHHOMO YCIOKHEHUSI MOLEN

— bputBa OKkkama — CBOEBPEMEHHOE MPEKPaLLEHNE YCAOKHEH I
— BOCMPON3BOAUMOCTb — KYAbTYpa OTKPbITbIX AaHHbIX N KOAA

— YeCTHOCTb — aHaAWU3 rpaHuL, NPUMEHUMOCTHU, XPYNKOCTUA MOAENN

MocTtaHoska 3agaun — sto JHK ([ano, Halitu, KpuTepnii)

OcHoBHbIe NOHATUS MALWWHHOrO Oby4eHus:
— 0bBEKT, OTBET, Npu3HaK, MOAENb, OyHKLUS NOTEPS,
SMMNUPUYECKNIA PUCK, METOA 0bydeHusi, nepeobyyeHne

MpuknagHblie 3agayn MaWNHHOrO 00yYeHUs:
— OYeHb MHOrO, O4YeHb pa3HbIX, BO BCEX 0BMACTAX AEATENbHOCTM
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