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[Hesm kypca

Jlek 1.
ErperrEE
Mozenn B 3azauax O3HAKOMJIEHHE C BEPOSITHOCTHLIMU MOJIEJIAMI 0OPabOTKM

MAaIIUHHOTO

o6y aenmsa JAaHHBIX, 0COOEHHOCTSIMU UX OpHUMEHEHHA Ha IIPAaKTHUKE 1
X HEeJOCTaTKaMM

o Onucanve BEPOSITHOCTHBIX MOJIEJIEl I HECKOJIbKHIX
IPAKTUYIECKH BarXKHBIX 33129 aHAJIM3a JAHHLIX (0TOGOD
nHGOPMATUBHBIX TPU3HAKOB, pa3/Ie/eHne cMeceit
pacipe/iesieHuii, yMeHbIIeHue Pa3MepHOCTH JAHHBIX U JIP.)

o lI35107KeHe COBPEMEHHBIX JIOCTUXKEHUI B 00J1acTh
IPAKTUIECKOTO UCIOJIB30BAHUST OalileCOBCKUX METO/IOB

o —— e Pa3BuTue HABBLIKOB IOCTPOEHUSI BEPOSITHOCTHBIX MOJIeIei
06y aenms
7 paboOThI ¢ HUMHA

e HanomuHaHUe OCHOBHBIX PE3YJILTATOB U3 CMEXKHBIX
JUICIUAIUINH (TeopUst KOJAUPOBAHUS, AHAIN3, MATPUIHbIE
BBIYHCJICHNS, CTATUCTHUKA, JIUHEHHAsT alrebpa, Teopus
BEPOATHOCTEI )



YKTYPa K

Jleknust 1.
BeposaTHOCTHEIE

1 cemectp, 12 meknmit, 24 ayTuTOPHBIX Yaca,

O aoro o 2 MPaKTHYECKNX 33 IaHUS M0 MPUMEHEHNIO H6aiteCOBCKIX
ooy METOJIOB

o B kaxk10it jiekiuu cekiust JTUKOe3a, cofepKalas KpaTKoe
HaITOMUHAHNE TOJE3HBIX (PAKTOB U3 CMEXKHBIX 00JIacTeit
MaTeMATHKA

e B komnre Kypca sk3amer. Tpu Bompoca B buere.
Hrorosas onenka = 0.5 x3k3amen + 0.25x3a1anme 1 +
0.25x3amanue 2

e Meronudeckue Marepuasibl (BKIOYAsA IPE3EHTAINN ), a

o —— Tak»Ke DOJIbINAs YACTh PEKOMEHIyeMOil JTUTePaTy PhI

oo JIOCTYIIHA HAa BUKHU-PECYPCe
http://www.machinelearning.ru, crpannina bmmo

e Tam Ke MOXKHO OCTaBJISTH BOIPOCHI U TPEJJIOKEHUS 10
Kypcy

e Jlekropor: dmurpuit Berpos (VetrovD@yandex.ru) u
Hmurpuit Kpomoros (DKropotov@yandex.ru)


http://www.machinelearning.ru/wiki/index.php?title=Bmmo
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Jleknust 1.
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OcHOBHBIE IIOHATUS MaT. CTATUCTUKK

@® Hexkoropole 3aau1 MaIIMHHOTO 00y YeHUSsT
Sagada KJiaccupuKauu
3ajiavua BOCCTAHOBJIEHUSI PErPECCUN
: Bajava kiacrepusaiuu (00ydenus 6e3 yduureis)
S Samaua naeHTuUKAIIIT
o 3aia9a yMEeHbIIeHHs PA3MEPHOCTH

1pob.

MAITHHEOTO
obyuenus

® BeposiTHoCcTHBIE MOJIEIH

@ Ocnosnas npobjema MaIIMHHOIO 00y YeHust



Kp&TKOG HallOMWHaHNEe OCHOBHDBIX

BEPOATHOCTHDBIX IOHATUIA

Jleknust 1.

Bepomriocrnoe o X:Q — R — ciyuaiiHast BeJIMInHA,

Moz B samatax
S e BeposgTHOCTD MONAIaHUs BEJIUIUHBL B uaTepsas (@, b)
oByremms
paBHa
b
Pl@a<X<bh)= / p(x)dx,
a
OcHoBHbIE
e o rze P(X) — mWIoTHOCTH pacupeiesieHus X,
craTucTign
e p(x) > 0, p(x)dx = 1
o6y uenuns oo
BepoaTHocTHbIE
iR e Eciu noBeseHne CIyvaiiHoil BETUIUHBI ONIPEIeISeTCs

HEKOTOPBLIM IIapaMeTPOM, BO3HUKAIOT YCJIOBHbIE
mrornoctu P(X|0). Ecom pacemarpusaTts ycnoBHYyIO
IJIOTHOCTH KaK (DYHKIIUIO OT HapaMeTpa

f(6) = p(x10),

TO IPHUHSATO FOBOPUTH O T.H. (PYHKIIUU IIPABIONONR00Us

o6yueHus



OcHoBnag Salada MaT. THUCTUKHA

Jleknust 1.
BeposaTHOCTHEIE

Momenn B samauax
ManTHHEOTO
obyaenus

Pacnpenenenne ciyuaiinoit Beumauabl X U3BECTHO C
TOYHOCTBIO JI0 IIapamerpa 6

e lmeerca BoIGOpKa 3HadeHnit Bemaunnbl X, X = (X1, ..., Xn)

oo e Tpebyercst oreHnTs 3Ha4eHEE §
TNOHATHUA MaT.

craTncTnK e MeToa MAKCHMAJILHOTO ITPABIOTIOIO0MST

Hexoropnie

n
0By emnx O = argmaxf () = argmax p(x|6) = argmax | [ p(xi/6)
BepoaTHocTHbIE i—1
e MoxkHo nokasarh, uro MMII sBistercss accuMIIToTHYecKn
OITUMAJIbHBIM IIpU N — 00O

e YBBbI, MUD HECOBEpIeHeH. BenunHa N KOHEYHA U OOBITHO
He CJIMIIKOM BeJIHKa



HpHMep NCIIOJIb30BaHM A

Jlexnumst 1.
e e [lycTp mmeeercs: BbIOOPKA U3 HOPMAJILHOI'O

BeposaTHOCTHEIE
O aoro pacrpenenenus N (X|i, 02) ¢ HOM3BECTHBIME MAT.
A OXKUJAHNEM U AUCHEPCHeit
e BrimmuceiBaeM jorapudm QyHKIUE TPABIOTOI00MS
n 2
X — n
OcHoBHBIE L(X|M, U) = — E % — nlogU - = |0g(27T) — Max
MOHATHS MAaT. — 20' 2 221
cTaTHCTHKH i=
m—
MAIIUHHOTO n n 2
e e— oL Z (X% — ) oL Z (% — ) n
BepoaTHocTHbIE 0 1 o Jo : o o
i=1 i=1
n n
1 2 1 2
HMLZ—EXi UML:_E(Xi_,U):
n 4 n 4
i=1 i=1
2

1L 1L
2 P

1



Ycsi0BHaST BEPOATHOCTD

Jleknust 1.

S — u P(Y) COOTBETCTBEHHO

B obmiem cityuae ux coBMecTHas IJIOTHOCTD

p(x,y) # p(X)p(y). Ecsiu 910 paBEeHCTBO BBIOIHSAETCS,
BEJIMIHMHBI HA3BIBAIOT HE3ABHCHMBIMU

o6y wenus °

JluxGes e VCJIOBHOI IJIOTHOCTHIO HA3BIBAETCS BEJININHA,
OcHoBHbIE
S _ Pixy)
, p(xy) =
Topse p(y)
oy o Cwmpic: Kak daxT Y = Y Biusier Ha pacupejesenue X.
Beposrrocribre Bamerum, uro [ p(x|y)dx = 1, no [ p(x|]y)dy ne obasan paBHATbCH
) eauHulne, T.K. OTHOCUTEJIbHO y 9TO HE IIJIOTHOCTH, a (byHKH"H

IPaBIOIIO100MsT
L] O‘{eBI/IrILHa,H CucTeMa TOXKJIECTB

P(X|y)p(y) = p(x,¥) = P(yX)p(X) nossossier serko
nepexoautsb ot P(X|y) k p(Y|X)

PlYIX)p(X)

p(xy) = oY)



Jleknust 1.
BeposaTHOCTHEIE

Mozenu B 3aJadax

ManTHHEOTO
obyaenus

Hexoropere
3aga4n
MaIIMHHOTO
o6yueHust

bukammmu

AHOBJ
rpeccun

enrudbukanun

PasMepHOCTH

BepoaTHocTHbIC
Momemn

Konremnmust MalmmHHOro 00y YeHusI

BoapmmucTBo MaTeMaTuuecKnx 3aJ1a4 CBOJIATCS K
OIIpEJIEJIEHUIO 3HAYEHNIT HEKOTOPBIX BEJIMYUH 110
3a/IAHHOMY HA0ODYy IPYTUX BEJTHIHNH

IIpenmonaraercs, 9T0 MEXKy BEJIMUIMHAMEI CYIIECTBYET
3aBUCUMOCTD

Brraensitor 1Ba mogxo/ia K perennio TakKuxX 3a,/1a4d:
MaremaTuaeckoe Mojeauposanue (model-based reasoning)
7 BOCCTAHOBJIEHHE 3aBUCUMOCTEH myTeM o0paboTKu
IIPOIILJIOTO OIIBITA

OcHOBHOe TpeboBaHue JJIsi ITPUMEHUMOCTH BTOPOIO
MIOIX0/Ia — HaJan4ane o0yvaloneit mHpOpMAIIIT

Kax mpaBuiio B KadecTBe TaKOBO# BBICTYITAET BHIOOPKA
[IPETIE/IEHTOB — CUTYAIMOHHBIX IPUMEPOB U3 IIPOIILIOTO



CryKTypa mperie/ienTa

Jleknust 1.
BeposaTHOCTHEIE
MOZeTH B 3aJadax

ManTHHEOTO
obyaenus

ATroMapHBIM 3/1€eMeHTOM MH(OPMALUN SIBJISETCS
MperneeHT — O00beKT, 001 JAI0NHil HAbOpOM
HabJII0JIAEMBIX M CKPBITHIX [I€PEMEHHBIX

Hexoropsie e B obyuaroreit BLIOOpKE 3HAUEHNUS CKPBITHIX TEPEMEHHDBIX

3amauu

MAaIIMHHOTIO N3BECTHDI

o6y uenus

e Tpebyercs MOCTPOUTH AJTOPUTM, KOTOPBII ITO3BOJISLIT ObI
OIIEHUTH 3aBUCUMOCTH MKy HAOJIIOIAEMBIMUA 1
CKPBITBIMU TIEPEMEHHBIMI 00BHEKTA IO 00y varoreit
BBIOOOPKE U MCITOJIHL30BATH €€ I 00pabOTKN HOBBLIX, HE
BCTPEYABIINXCS PaHee OObEKTOB, 3HAYEHUs] CKPBITHIX
[IEPEMEHHBIX KOTOPBIX HEN3BECTHBI

bukammmu

AHOBJ
rpeccun

enrudbukanun

PasMepHOCTH

BepoaTHocTHbIC
Momemn



Kaccudukarms

Jleknust 1.
BeposaTHOCTHEIE

BRI 1D SRR I/ICTOpI/I‘{eCKI/I BO3HUK/JIa U3 3aJa91 MallIMHHOI'O 3pEHUNAd,

MAaIIUHHOTO

o6y enua IIO9TOMY YACTO YIIOTPEOISTEMBI CHHOHUM —
pacro3HaBaHue 06pa30B

e B kiraccuveckoit 3aga1ue KaaccupuKaIimym o0y Iaroniast
BBIOOPKA MPEJICTABISIET CODOH HabOP OTHETBLHBIX 00HEKTOB
(X7 T) = {(Xiv ti)}in:l

o VYV KaxKJI0r0 00beKTa ecTh HaOJIIOTaeMble TI€PEMEHHBIE
S (mpusnakn) X = (Xi1,...,X%.d) € RY i ckpoiTas
' nepeMerHas tj, IpUHUMAIOIIAsl KOHETHOE YUCI0 3HAYCHUI,
o6bruHo U3 MHOXKecTBa, T = {1,...,1}

e Tpebyercs noCTpoCcUTH AMropuTM (KJaccudukarop),

enTuduxanm KOTOPBIH 110 BEKTOPY MPU3HAKOB X BEPHYJI ObI METKY

KJIacca { MM BEKTOpP ONEHOK IIPHHAIJICsKHOCTH

PasMepHOCTH

RO (armoTepHOpPHBIX BEPOSITHOCTEN) K KaXKJIOMY U3 KJIACCOB

MC’J(:”H {p(tlx)}ltzl



Jlexuust 1.
BeposTHoCTHBIE
Monenu B 3amauax
MAIIHHHOTO
obyuenus

JIuk

HexoTopere
anaqu
MAaIIUHHOTO
>y deH U
Bagaua
Kyaccudukanumu
Bamaua
BOCCTAHOBJIECHUST
perpeccun
Bamaua
KJlacTepusanuu
(obyuenns 6
yuuTess)
Banau
npenTuduKauu
Banau
YMeHbIIeHU s
pPasMepHOCTH

BepoaTHoCTHEL
Momemn

OcHoBHas

MAaIIUHHOTO
obvYeHUu s

Kaccudukarms




[Ipumepn! 331849 KiaccuuKamm

Jleknust 1.
BeposaTHOCTHEIE
MOZeTH B 3aJadax
MAIIHHHOTO
06y aenms

KpeauTHblit CKOPUHT: TI0 aHKETE 3aeMINUKa IPUHSITH
pelenue o BblIade/0TKa3e KPeJIuTa

o CormoJsiorusi: 0 aHKeTe TpebyeTcss OTHECTU PECIIOHJIEHTa,
K OHOH 13 (OKYC-IpyIII

By orma e Ournueckoe pacluo3HaBAHKE CUMBOJIOB: 110

S v OTCKAHUPOBAHHOMY M300PaXKEHUIO CUMBOJIA OIIPEIETUTh

: ero THIl

o CuHTe3 XUMUYECKUX COEIUHEHUN: 110 mapaMeTpaMm
XUMHUYECKUX JIEMEHTOB OIPEIE/IUTh, Oy1er jiu
[I0JIy9aeMble COe/InHeHne 00/IaJaTh 3aJaHHBIM CBOIICTBOM

ymenmutemns WIn HeT

PasMepHOCTH

BeposT
Momemn



Perpeccus

Jleknust 1.
BeposaTHOCTHEIE

Mozenu B 3aJadax

MaITHHHOTO I/ICTOpI/I‘{eCKI/I BO3HUKJIA IIPU HUCCJICAOBAHUUN BJINAHMA
o6y-enmst . .
OJITHOU I'PyHIIbl HEIPEPBIBHBIX CJIYYaWHbIX BEJIMYUH HA
Berpor ”
) APYTYIO I'PYIILY HEIIPEPBIBHLIX CJIYYaUuHbIX BEJIUINH

e B kilaccmueckoil 3a/1aue BOCCTAHOBJICHUS PErPECCUT
obOyJarorast BEIOOpKa IpejcTaBjser coboit Habop
orenbHbIx 00bekToB (X, T) = {(Xi, ti)}

o YV KaxKJIOro 00beKTa eCTh HADJI0IAaeMbIe Te€PEMEHHBIE
e (upusnakn) X = (Xi1,...,%.d) € RY 1 ckpbITas

BOCCTAHOBJIEHMsI

perpeccun nepemennas tj € R

e Tpebyercs NOCTPOCUTH AIrOpUTM (PErpeccop), KOTOPbIi
10 BEKTOPY IMPHU3HAKOB X BEPHYJI OBl TOYEUHYIO OLEHKY
Sanasia 3HaYeHUs perpeccuu t, JoBepuTebHbIil uaTepsat (t_,ty)
passcpacTa UJI alloCTEPUOPHOE PACIIPEJIE/ICHUE HA MHOMKECTBE

oo 3HAYeHnil CKpBITON nepeMeHHOMN P(t]X)

Mozenn

MAaIIUHHOTO

obvIeHUu s



Jlexuust 1.
BeposTHoCTHBIE
Monenu B 3amauax
MAIIHHHOTO
obyuenus

JIuk

HexoTopere
anaqu
MAaIIUHHOTO
>y deH U
Bamaua
KaaccubuKamm
Bagaua
BOCCTAHOBJIEHM
perpeccun
Bamaua
KJlacTepusanun
(obyuenns 6

yuuTess)

Banau
wmenTuduKamn
Banau

yMenb e
pasmepurocTH

BepoaTHoCTHBL
Momemn

OcHoBHas

MAaIIUHHOTO
obvIeHUu s




HpHMepr 3a/a4d BOCCTaHOBJICHUA PErPECCUN

Jleknust 1.
BeposaTHOCTHEIE
MOZeTH B 3aJadax

ManTHHEOTO
obyaenus

OLLeHKa CTOMMOCTH HEIBU2KUMOCTU: II0 XapPpaKTECPUCTUKE
paiioHa, 9KOJIOTMIECKOl 0OCTaHOBKE, TPAHCIIOPTHOMN
CBA3HOCTHU OIEHUTH CTOUMOCTD 2KWNJIbA

e [Iporuo3 cBONCTB COEJMHEHUI: IO TapaMeTPam
XAMHUYCCKUX 3JIEMEHTOB CIIPOTHO3UPOBATL TEMIIEPATyPy
IJIABJICHUS, JIEKTPOIPOBOJHOCTD, TEIJIOEMKOCTD

bt OJIy9a€MOTI'0 COeIUHEHUA

Bagaua
BOCCTAHOBJIEHM

e o KpenuTHblit CKOPUHT: TI0 AHKETE 3aeMIINUKA OIEHUTD
c BEJIMUNHY KPEIUTHOTO JIMMUTA

° HH)KeHepHoe JeJI0: II0 TeXHUYICCKHUM XapaKTEePUCTHUKaM
aBTOMOOMJIST 1 PeXKuMYy €3bl CIIPOI'HO3UPOBATH PACXO/]
pasMepHOCTH TOILJINBa

enrudbukanun

BepoaTHocTHbIE

Mozenn



Kacrepuzanus

Jleknust 1.

Beper e I/ICTOpI/I‘{eCKI/I BO3HHUK/JIa U3 3aJa91 I'PYHIITPOBKU CXO2KUX

Mozenu B 3aJadax

e 00HEKTOB B €IUHYI0 CTPYKTYPy (Kjacrep) ¢
-
HOCJIeIYIOMAM BbISIBJICHAEM OOIIUX YepT

e B kilaccuueckoil 3a/iate KJIacTepu3aliu 00y aronias
BBIOOPKa IpeJcTaBjIsieT co00it HabOp OTE/IbHBIX OO BEKTOB
X = {X }{.;, XapaKTepHU3yIOIHUKCI BEKTOPOM
HAOJIIONAEMBIX TIEDEMEHHBIX (ITPU3HAKOB)

Xi = (%1,...,%d) €RY

e Tpebyercst MOCTPOCUTH ANTOPUTM (KIACTEPU3ATOP),

KOTOPBIit pa3dbui ObI BLIOOPKY Ha HEIEPECEKAIOIINEC s

Bangaua K
AR en rpynmbt (kmacrepnt) X = (Ji_; Gk, G C {X1,..., Xm},
: Gn Cj =0

enTubuKanmIn .

e B Kaxx/Jplil KJIacc JOJIZKHBI II0IACTh O0bEKTHI B HEKOTOPOM

PASHMEPHOCHH CMBICJIE IIOXOXKHE APYr Ha JIpyra
BeposTHOCTHEIE
Rl e dcHo, 9YTO TAKyIO 33729y MOXKHO CHOPMYINPOBATH B

TEPMUHAX CKPBLITHIX IIEPEMEHHDLIX (V1Ip.)



Kacrepuzanus

Jlexuust 1.
BeposTHoCTHBIE
Monenu B 3amauax
MAIIHHHOTO
obyuenus

JIuk

Hexoropuie
agagaun

MAITMHHOTO
5y ueHust
Bamaua
KiaccuduKanum
Bamaua
BOCCTAHOBJIEHMS!
perpeccun
Banaua
KylacTepusanun

wpenTuduKann

Banau

yMenbmenms

pasmepnocTH
BepoaTHoCTHBL
Momen

OcHoBHas
npc
MAaIIUHHOTO
obvIyeHUu s




[Ipumeph! 3a/1a9 KJIaCTEPHOTIO aHAIN3a

Jleknust 1.

SO DKoHOMUYECKas reorpadus: Mo GU3NKO-reorpapuaecKuM

Mozenu B 3aJadax

e ——— 7 SKOHOMUYECKUM ITOKA3aTesIM PAa30UTh CTPAHBl MUPA HA
I'PYIIIBI CXOXKUX 110 S3KOHOMHUYIECKOMY II0JIOZKEHUIO
rocy1apcrs

o DunancoBasi cdepa: M0 CBOJIKaM OAHKOBCKUX OIEPAIUi
BBISIBUTH IPYIIBI <II0J03PUTEIbHBIX», HETUIUIHBIX
6GaHKOB, CI'YIIINPOBATH OCTAJIbHBIE 10 CTEIEHN OJIN30CTH
POBOJUMON CTpATEruu

e MapkeTunr: 1o pe3yabraTaM MapKeTHHIOBBIX
HCCJIEIOBAHUI CPeI MHOXKECTBA IIOTPeOUTE Nl BBIIEINTD
XapaKTepHbIE I'PYNIIBI 110 CTEIEeHN UHTEepeca K
IIPOJIBUTAEMOMY IPOIYKTY

Banaua
KJlaCTepu3aluu

enrudbukanun

o CoruoJiorusi: 1Mo pe3yJibTaTaM COMUOJIOTHIECKUX OIIPOCOB
BBISIBUTH I'PYIIIBLI OOIIIECTBEHHBIX TPO0JIEM, BBI3BIBAIOIINX

PasMepHOCTH

BepoaTHocTHbIC

Mozenn CXOKYIO PEaKIIo y OOINecTBa, & TaKKe XapaKTePHbIe
BOKYC-IDYIIIIbI HACEIEHUS



Jleknust 1.
BeposaTHOCTHEIE
MOZeTH B 3aJadax
MAIIHHHOTO
06y aenms

eHTuduKanLuu

PasMepHOCTH

BepoaTHocTHbIC
Momemn

Wcropudeckn Bo3HUKIA U3 KJIACCUMDUKAIINN,
HEeOOXOINMOCTH OTIEJIUTh 00bEKTHI, 00J1aIaI0IIIe
OIIPeIeJIEHHBIM CBONCTBOM, OT «BCErO OCTAJbLHOTO»

B knaccuueckoit 3amade naenTuduKaumn 00y daronas
BBIOOPKA MIPEJICTABISIET CODOH HabOP OTHEIbHBIX 00HEKTOB
(Xv T) = {(Xiv ti)}in:l

Y KaxkI0ro 00bEeKTa eCTh HADIIOJaeMbIe TTepeMeHHbIe
(mpusnakn) X = (Xi1,...,X%.d) € RY i ckpoiTas
nepemennas ti € {0, 1}, orpaaromas Hajnune KeaaeMoro
CBOIICTBa

st Bcex 00beKTOB 00y varonieit BLIOOPKU M3BECTHO, ITO

ti = 1, upu 9TOM He CyIIECTBYyeT BO3MOXKHOCTH CJIEJIATh
PeIpe3eHTATUBHY O BBIOOPKY JJisi 00bekToB ¢ t = 0
Tpebyercst TOCTPOCUTDH aropuT™ (uaeHTudUKaTOp),
KOTOPBIIA 110 BEKTOPY ITPU3HAKOB X OIPEIENI Obl
3HavYeHne CKPBITOI mepeMentoii t, 1ubo BepHyI
pacpesieileHne BeposiTHOCTel Ha ee 3HaveHust P(t|X)




TUDUKATTAS

Jlexuust 1.
BeposTHoCTHBIE
Monenu B 3amauax
MAIIHHHOTO
obyuenus

JIuk

HexoTopere
anaqu
MAaIIUHHOTO
>y deH U
Bamaua
KaaccubuKanm
Bamaua
BOCCTAHOBJIECHUST
perpeccun
Bamaua
KJlacTepusanuu
(obyuenns 6
yuuTess)
Bagaua
UAeHTUDUKALLUN
Banau
YyMeHbIIeHu s
pasMepHOCTH

BepoaTHoCTHBL
Momemn

OcHoBHas

MAaIIUHHOTO
obvIeHUu s




[Ipumepsn! 3371849 njteHTUDUKAIAN

Jleknust 1.
BeposaTHOCTHEIE

Momenn B samauax
ManTHHEOTO
obyaenus

Meumuackast quarHocTuKa: 1Mo Habopy MeIUITTHCKITX
XapaKTEPUCTUK TPeOYETCs yCTAHOBUTH
HaJM4YUe/0OTCy TCTBUE KOHKPETHOrO 3ab0JeBaHust

e Cucrembl 6€30ACHOCTH: IO KaMepaM HabJIIOIeHUs B
oIbe3/ie UACHTU(DUIINPOBATD KUJIBIA JIOMa,

o Bankosckoe JeJI0: OIIpeae/INTDh IIOAJIMHHOCTD IIOAIINCH Ha
qgeKe

o ObpaboTka M300parKeHUIi: BBIIEIUTH YIACTKHA C
n300paXkeHusiMu JIull, Ha pororpadun

e llckyccTBOBeIeHHE: TIO XapPAKTEPUCTUKAM ITPOU3BEICHUS
(KAPTUHBI, My3bIKU, TEKCTA) OIPEJIE/IUTD, SABJIAETCS JIA €r0
paanmeprocTH aBTOPOM TOT WJIA UHOH MacTep

BepoaTHocTHbIC

eHTuduKanLuu

Mozenn



MEHbIIEHNE Pa3MEPHOCTHU

Jleknust 1.

BeposzaocTiHEe OO6bexThl, onuchbiBaeMble (-MEPHBIM BEKTOPOM NPU3HAKOB

Mozenu B 3aJadax

MARIHOrO YACTO JIEZKAT B MOANPOCTPAHCTBE (JIMHEHHOM Ujin
R —
HEJIMHEIHOM ) MEeHbIIel pa3MEepHOCTH

PO e B kyraccuyeckoil 3ajaue yMEHbIIEHUS Pa3MEPHOCTHU
obOyJarorast BEIOOpKa IpejcTaBjser coboit Habop
oTmesbHLIX 00beKTOB X = {X; }! ;, XapaKTepu3yIOmuXCs
BEKTOPOM HABJIIOIAEMBIX EPEMEHHBIX (TIPU3HAKOB )

Xi = (%1,--,%a) € RY

e Tpebyercss TOCTPOCUTH AJTOPUTM, OCYIECTBIISIIONTHI

npeobpazosanme f : RY — RP, rre p < d

e BszammMopacmoio:keHns 00beKTOB, 33/ 1aBA€MbIX HOBLIME

e BekTopamu pu3Hakos f(X1), ..., f(Xy) gomwkuasl B
Bazaua HAMOOJIBINEH CTeeHNn COOTBETCTBOBATH

S

PASHEREOEEE B3aMMOPACITIOJIOKEHNSIM O0BEKTOB X1, . . . , Xp
BeposTHOCTHEIE

MO e dcHo, 9YTO TAKyIO 33729y MOXKHO CHOPMYINPOBATH B

TEPMUHAX CKPBLITHIX IIEPEMEHHDLIX (V1Ip.)

MAaIIUHHOTO

obvYeHUu S



YMeHblleHne pasMEPHOCTHU

BepoaTuocTHbIe
Momenn B samauax
ManTHHEOTO
obyaenus

BOCCTAHOBY
perpeccun
Bazaua
KTacTepusaAIH
(o6yuenns Ges

uaeHTUdUKALAI

Bagaua
YyMEeHbIIeHU s
pasMepHOCTH

BepoaTHocTHbIC
Momemn

OBHasI




HpHMepr 3aJa4 YMEHbIIECHNA PasSMEPHOCTHU

Jleknust 1.
BeposaTHOCTHEIE

Mozenu B 3aJadax
MAaIIUHHOTO

obyuenmns Buzyanmmzanus MHOrOMEPHBIX JAHHBIX: HAUTH JABYXMEPHOE
npejcTaB/enne 00LEKTOB, B MUHUMAJILHON CTeleHn
HNCKaasKIoIee B3auMHbIE PACCTOSIHUA

e Cocrayenue poTOPOOOTOB: BBIIEIUTH APAMETPHI,
OTBeYaloIue 3a XapaKTepHbIC BapUalluu JIAI]

e MaremMaTn4ecKoe MOJCIUPOBAHUE: TIOCTPOCHUE
CTATUCTUIECKUAX MOJIEJIEH CJIOKHBIX MHOTOMEPHBIX
00bEKTOB

e AmHanms TEKCTOB: 0 (PPArMEHTY TEKCTa ONPEIENTD €ro
TeMaTUKY / pyOpuKy

E e MapKeTuHT: BBLICJUTH (PAKTOPLI, BIAUAIOIINE Ha,

YMEHbIICHU S

pasMepHocTH noBeZienne IoKyunaTesid

BepoaTHocTHbIC

Mozenn



Ob1ast (bopMyIPOBKa 3a/1ad 00padOTKH

JaHHbIX

Jleknust 1.
BeposTHocTHBIE Bce IIepEYNCJICHHbIC BBIIIC 3391 (I/I MHOT'He ,Z[pyFHe)

Mozenu B 3aJadax

MamunRoro 00J18/1210T PsIJIOM ODINUX YePT

obyaenus

e lmeercsa MaccuB 0OHEKTOB ¢ HAOIIOIAEMBIMMI
IIepeMeHHbIMUA X 1 CKPBITBIMHU II€pEMEHHBIMI T

Berpor
1q‘“w‘4
o [Ipenmosaraercs, ITO MeXK/Iy HAOIIOTAEMBIMA 1
ropeie CKPBITBIMH [TEPEMEHHBIMU CYIIECTBYET 3aBUCUMOCTD

P e TounbIil BuJ 3TOH 3aBUCUMOCTY HaM HEU3BECTEH U / NI
[ — 3aBUCUMOCTDH HeJIeTEPMUHUPOBAHHAS, T.€. 3HAYECHUS
HaOIIOAAEMBIX [TEPEMEHHBIX HE ITO3BOJISIIOT OJHO3HAYHO
ONPEJIESIUTh 3HAYEHNA CKPBITHIX IEPEMEHHBIX

MAaIIUHHOTO

obyuaenus

IIpu BepOATHOCTHOM IOAXOJE K PEIICHUIO ITHX 3344,
HEOIIPEIEJIEHHOCTD B 3aBUCUMOCTHU MEXKy X U T MOJEIupyeTcst
BBEIEHUEM COBMECTHOTO PACIpPENeIeHus Ha BCE IEPEMEHHBIE
p(X, T). Boiessiior 1Ba BUia BEPOSTHOCTHBIX MOJIEJIENL:
nopoxpamomue (generative) n AMCKPUMUHATHBHBIE
(discriminative)



[Topoxk natomass MojIeIb

Jleknust 1.
BeposaTHOCTHEIE
MOZeTH B 3aJadax

ManTHHEOTO
obyaenus

IIpu ucmob30BaHUM TTOPOKIAIONINX MOJIeIel HeOOXO0 MO
3azaTh coBMecTHOE pactpenesenue P(X, T) ma muokecTBe
00 HLEKTOB

e 3Hasl COBMECTHOE PACIIPEIEIIEHUE MbI MOXKEM
MOJIeJIMPOBAaTh HOBbIE OOBEKTHI U3 TO K€ MeHePAJIbHOM
oby4ueHust COBOKyHHOCTH

BepoaTHocTHbIE

e Eciu coBMecTHOE pacipe/ie/ieHne HeM3BeCTHO (T.e. I0UTH
BCEryia), MOKHO IIPOBOBATH €ro HACTPOUTD MO OOy YaIOIIel
MamuHEOTO BbI60pKe

obyueHus:

o Kaxk mpaBujio, 3T0 4Ype3BbIYAWHO CJIOXKHAs 3a]a49a,
pellerne KOTOpOoii, K TOMY 2Ke, N30bITOYHO B OOJIBIIIMHCTBE
3a/1a4



,HHCKPHMHHaTHBHaH MOJ€CJIb

Jleknust 1.
BeposaTHOCTHEIE .
MOZleTH B 3ajadax HpI/I HCIIOJIB3OBAHUN JUCKPUMHWHATHUBHBIX MOJEJICU

MAaIIUHHOTO

o6y e HeoOX0MMO 3HaTh ycjoBHOe pacupenenenue P(T|X) na

BeTpor MHO2KEeCTBE 3HAUYEHUI CKPBITBIX II€PEMEHHBIX O6’])€KTEL
Kpomnoror

o 3Hasl yCJIOBHOE PACIIpeIeIeHe Mbl MOYKEM OIIPEIe/INTh
HamboJIee BEPOSITHLIE 3HAYEHIS CKPBITHIX IEePEMEHHBIX

TOpBIE O6’beKTa
obyuenus e B oryimume oT mopoxkparorieiit Moaesnu,
BopermEermmEe JAUCKPUMHWHATHUBHAA MOEJIb HE IIO3BOJIAET MOJAEJINPOBATH

HOBbIE O0BEKTHI U3 T€HEPAIbHOI COBOKYIIHOCTH.

Mamunmoro e B ciydae, Korjia ycjaoBHast IJIOTHOCTh HEM3BECTHA, €€
obyueHus: o
MOKHO TIOITPOOOBATH HACTPOUTH IO 00yvalonieit BLIOOpKE

e Hacrpoiika IUCKpUMUHATHBHONI MOAe n 6ojee mpocTasi,
IIO3TOMY €CJIM HaM TPebyeTCs TOJBKO YMETh ONPEIe/IaTh
3HaYEHUsT CKPLITHIX MTEPEMEHHBIX 110 HAOJIOIAEMBIM,
HCIIOJIb30BAHUE TAKOH MOJEJN HPEAIOYTUTEIHHO



OcHosHbIE 3a/JladM, pellacMbI€ C IIOMOIIBLIO

BEPOATHOCTHDLIX MOJIeJIeil

Jexmus 1.
Beposmoctnbie OGyuenue ¢ yuaureneM. Jana obyvaromast Boibopka (X, T) u

Mopieqn B 3aAaNax napamMeTrpuvecKu 3agano pacnpenenenne P(X, T|6). Samaqa
MATIITHEOTO
o6y ueHusm OIPEJIENINTh 3HAYEHNE TapaMeTPOB 0, IPH KOTOPBIX PacCIpeeIeHne
HAWIydImuM 00pa3oM OMUCHIBAET OOYUAIOIIYIO BBIOOPKY

p(X, T|6) — maxg

® OGyuyenue 6e3 yunrens. Jlana BbIOOpKa OOBEKTOB C HAOJIIOAAEMBIMU
rnepeMeHHbIME X U TIapaMETPUYECKH 33JJaHO PACIpeeIeHne
p(X, T|#). 3amaua onpenennTh 3HAYEHUE TTAPAMETPOB ), IPU KOTOPBIX
pacrpejiejieHre HauIydimM o6pa3oM ONUCHIBAET HAOJIIO[aeMble
naunsie P(X|0) — maxg

JInkGe

BepoaTHocTHbIE

Moz ® MAP-onenusanue. Jana sepoarnocraas momens P(X, T) u maccus
Ocnosuas 06'bEKTOB C U3BECTHBIMU HAOJIONAEMBIMU ITEpEMEHHBIMEU X. 3ajada
HpOobIEeMa ompeiesinTh Hanbojiee BEPOSITHBIE 3HAYEHNS CKPBITHIX [I€PEMEHHBIX
MAITHHEOTO

o6yens o6bekToB P(X, T) — maxt

® Ouenka MaprunasoB. Jana BepositHocTHas Monesb P(X, T) n maccus
00BEKTOB C M3BECTHBIMU HAOJIIONAEMBIMU II€PEMEHHBIME X. 3aJatia
OIPEJIENINTh MapIUHAJIBHOE PACIpeleIeHne Ha OTAEIbHO B3SITYIO
CKPBITYIO TIepeMenHyio P(t|X)—?

Amnajyornysble 337294 MOT'YT OBITH C(OOPMYIUPOBAHBI U J1JIsI

JUCKPUMHUHATUBHBIX MojeJieit



BaitecoBckne MeTOIBI pabOTHI €

BEPOATHOCTHBIMU MOJIEJIAMUN

Jleknust 1.
BeposaTHOCTHEIE

Mozenu B 3aJadax

Mammoro st paboThI ¢ BEPOATHOCTHBIMU MOJIEISIMEI OOBITHO
e UCIIOJIB3YIOTCS T.H. DalleCOBCKIE METOIbI, 0a3UPYOMIIecs
Kpomme: Ha, OJJHOMMEHHOM II0JIX0JIe K TCOPUH BEpOSTHOCTEl
(cemyromast JeKius)

e OCHOBHBIME JIOCTOMHCTBOM 0af€COBCKOil apaurmbl
SIBJISIETCST BO3MOYKHOCTD y9eTa HAIINX IIPEIIOYTeHUI Ha
BUJI, MOJIEJIH, XaPAKTEPHbIE 3HAYEHUs] CKPBITHIX
[IEPEMEHHBIX, YKeJIaeMble CBOWCTBA OIEHUBAEMBIX
rmapaMerpoB U IIp.

TOpBIE

o6y ueHust

BepoaTHocTHbIE

MAITHHEOTO °
obyuaenus

Kak 310 HE yauBUTEIBbHO, IPU PENIEHUN TPAKTHUIECKUAX
3a/1a4 TaKAX IIPEJIOYTEHNI OKa3bIBAETCs JOBOJIBHO
MHOT'O, XOTsI OHU He BCETJIa JIe?KaT Ha IMOBEPXHOCTHU

o BaitecoBckuil anmapar IpesocTaBisieT yIo0Hoe CPeICTBO
CcTporoit (hopMasm3aIy TaKuX MPeIIOITeHIHi



kf{HOFOI\“Ieprle CKPLITBIE IEPEMEHHDBIE

Jlek 1.
Deemmeem
. e o cux mop mpenoarajgoch, YTO MHOYKECTBO

MAaIIUHHOTO

oByremms HaOJTIOJIAEMBIX IIEPEMEHHBIX ¥ BCEX OOBEKTOB OJIMHAKOBO,
B a CKpbITas lIepeMeHHasl CKaJIsTpHas

Kpomnoror

o QopMaIU3M BEPOSITHOCTHBLIX MOIEel MOKET OBITh
nprMenen (M ycremso npumenserca!) u g 6osee
SopEe CJIO?KHBIX CJIy4daeB
R —— e B yacrHOCTH, OCOOBII HHTEPEC IPEICTABIISAIOT CUTYAINHN,
Beposroctusie KOTJIa CKPBITBIE ITepeMeHHbIE 00beKTa MHOTOMEPHBIE U
CBSI3aHbBI CJIOKHBIMU B3aMMO3aBUCUMOCTSIMU

e o [Ipumepamu TaKux 0OHLEKTOB SABJISAIOTCS COIMAILHBIE CETH,
n300pakenns, CUTHAJBI U JIP.

obyueHus

o ObOyuarorasi BEIOOPKa IIPU 9TOM MOXKET COCTOSITH U3
OJIHOT'O CJIOZKHOI'O 0ObekTal

e MeToapl paGOTBI ¢ TAKHMHU OOLEKTAMEA PACCMTPUBAIOTCA B
kypce «['paduueckue mMojesn» (Ha MpaBax PEKJIAMBI ;-))



HacTpoiika napaMeTpoB Ha 00yJaloOILyTo

BBIOOPKY

Jleknust 1.
BeposaTHOCTHEIE

Mozenu B 3aJadax
MAaIIUHHOTO

pree— Pacemorpum nopox atomtyo Mozuesns P(X, T|0), saxanuyro
€ TOYHOCTBIO JI0 IApaMerpos ¢

e TIpsamoii crioco6 obydenus 110 obyqaiomeii Beibopke (X, T)
upenosaraer Makcumuzaruio dyuxmuu P(X, T|6) o
napaMeTpam 6, T.e. IPUMEHEHHNEe METO/1a MAKCUMAJILHOTO
MIPaBIOTIO 00U

e AHAJIOTMYHO B HECTATUCTUYECKUX METOIAX MAIMHHOTO
— 00y ueHus [IPEJIII0IaraeTcsd HACTPOUKA IapaMeTPOB IIyTeM
npobneMa ONTUMU3BAINHI HEKOTOPOTo (DYHKIMOHAJIA KAIEeCTBA,

MAaIIUHHOTO

o6y enuz OIIPEIE/IEHHOTO Ha 00yJalolieil BhIOOpKe

e Ho pasBe 510 TO, 4T0 Hy2kHO?.. Beap obyuaromas
BBIOOPK& KOHETHA U MOYKET COJEPXKaTh (M MOYTH BCera
cozepxkur!) momexu



[Ipobiema nepeodyvuenmst

IIpsimasi MakcuMu3aIUst Ka4ecTBa Ha 00ydJaroIeil BrIoopke Oe3
Mozenu B gax OI‘paHI/I‘{eHI/Iﬁ Ha HaCTpauBa€MbI€ ITapaMeTpPbl BEIET K

o6ywenms [IOJIy9€HUIO PEIIAIONINX [IPABUJI, CIIOCOOHBIX 00bsICHUTH BCE
YTO YI'OJIHO U HalTH 3aKOHOMEPHOCTH JlazKe TaM, IJie UX HeT.

Ocuosuas
npo6sema
MAIITHHHOTO
obyuenus




Crioco0bl oreHKN 0000Iaoeil crrocooHoCTn

Jleknust 1.

BeposaTHOCTHEIE Ha CeFO,HHHIHHI/Iﬁ JA€Hb €/IMHCTBEHHBIM YHUBEPCAJIbHbBIM
Mozenu B 3azauax

i Cc1I10cOO0M OIleHMBaHNs 0000IIaoIIeil ClI0COOHOCTI
e ABJISIETCH KPOCC-BAJIM AL

e Bce monbITKy mIpejioKuTh YTO-HUOY/Ib OTJIUIHOE OT
MeTo/a Tpob U OMMUOOK MOKA e TTPUBETN K
obrenpusaannomy perrennto. Hanbosiee n3BeCTHBI U3 HUX
cJeIyIomme:

e CrpykrypHas MuHuMu3anus pucka (B. Bannuk,

A. Yepsonenkuc, 1974)

o Munnmusanus qyueel onucanus (Ix. Puccanen, 1978)
S;:g;:j: o Nudopmanmonnsie kputepun Axauke n Baiteca-IIIBapia
Nem——om (Akamke, 1974, IlIsapm, 1978)

o Baiiecosckas perysspusanus (MaxKait, 1992)

o Ilocieauuil IPUHIKMII TPAKTyeT HapaMeTphl § Kak
cJIyJaiiHble BeJIMYUHBI U J00ABJISET UX B BEPOSITHOCTHYIO
mozens P(X, T,0). Boupoc onpezenenusi KOHKPETHOIO
BUJIA HAlle BEPOATHOCTHOU MOJEIU U3BECTEeH KaK 3a/a4a
BBIOOpA MOJIEIN



BaitecoBckas pery/ispusalius

Jleknust 1.
BeposaTHOCTHEIE

oo B SamAax ITapameTpsnr 6 cTaan 9acTbIO BEPOATHOCTHON MOIEN

MAaIIUHHOTO

oSyuenus e Cosmecrnoe pacupegenenue P(X, T, 6) moxer ObiTh
[PEJICTABJICHO B CJIEJLYIONIEM BUJIE

e V mac mogBuiics MEOKUTENH P(6), ¢ TOMOIIBIO KOTOPOTO
MOXKHO OPAHUYIUTH MHOXKECTBO JIOITyCTUMbBIX 3HAYEHU 6
U /WM BBECTH IIPEIIOYTEHNs] HA T€ UJIA MHBbIE 3HAYCHUS

OcHoBHas °

npobaema
MAaITHHEOTO

Yunreisas, uro Gynkmus p(X, T|0) mam Gbuta nssecTHA,
3a/1a49a BBIGOPA MOJIEH CBEJIACH K ONPEIC/ICHUIO
anpuopHoro pacupeesenus P(6)

obyaenus

e BpejieHne orpaHnYeHuil Ha BO3MOXKHBIE 3HAYEHUSI
HACTPAMBAEMbBIX B XOJI€ 00yUI€HUs [1apaMeTpoB, HE
VMHIYIIUPOBAHHBIX 00yYaloIieil BEIOOPKOW 9acTO HA3BIBAIOT
peryasgpusaimei



[Ipumepsn! 337189 BBIOOPaA MOJIEH

Jleknust 1.
BeposaTHOCTHEIE
MOZeTH B 3aJadax
MAIIHHHOTO
06y aenms

Onpenestenne 9nciia KJIaCTEPOB B JTAHHBIX

e Bribop koaddurnmenTa peryasspusanuu B 3a1a9e
ManmHHOro 00yvenus (Hanpumep, Kodddunuenra
saryxanus BecoB (weight decay) B HEHPOHHBIX ceTsX)

e YcTaHOBKA CTEIEHU IIOJIMHOMA, IIPYU UHTEPIIOJ AN

CILTaiHaMU
— e Bribop namtydrieil sipoBoil (PYHKIUU B METOJIE OMIOPHBIX
npobirema
MAnHOrO BekTopos (SVM)

obyaenus

o Ompesesenne KOJUIECTBA BETBE B PEIIAOIIEM JIepeBe

® U MHOI'OE JIPYTOE...
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