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CoaepxaHue npeablayLUinx NeKLni

m EM-anroputm. Vicnonbsosanne EM-anroputma ans otbopa npusHakos B
baiiecOBCKOIi NMHERHOR perpeccuu.

m BapuauuonHeiii EM-anroputm 1 ero ucnonbsosaHne ansi BbiBOga B
CMeCn Mofeneil NMHERHON perpeccum.

m OpueHTupoBaHHble rpaduyeckue Mogeny n ux npeacraenerue plate
notation. Kputepuii ycnoeHoii Hesasucumoctu d-separation.

] HeopI/IEHTI/IpOBaHHbIe rpacbmquKme Mogenn n nx CeA3sb C
OPNEHTNPOBAHHbIMMN.

m PakTopHble rpadbl n anroputm Sum-Product ansa ebiBoga B
ALMKANYECKMX rPpachnyecknx Moaensx.

m CkpbiTblie Mmapkosckue mogenu (CMM) v anroputm Butepbu. Anroputm
Max-Sum kak 0bobuieHune anroputma Butepbu.

m Anroputm bayma-Benua gnsi onpegenerusi napamerpos CMM.
m AnropnTmbl Ha OCHOBe pa3pe3oB rpacoB. ANropuTM (v — pacLUUpPEHNE.

m Anroputm TRW ans npubnum»xkeHHOro BbIBOAA B LINKANYECKINX
rpachmyecknx mopaensix ¢ obleli sHeprueii.

2/15



BbiBog B rpachuyecknx Momensix

(@) () —CD—Car-D— ()

D @N ) Cv ()

p(x, y) = p(x) [ [ p(zilei) [ [ p(vile:).

fyere 2 € (K], A = ] = ﬂ?m aves = D). m = Plas = b),

p(X7 y‘A—a T, B) :p(.’E1|7T) $Z|xl 17 Hp yl‘a?h
i=2

3agaun:

m p(z;|ly, ©) — anroputm Sum-Product;

® p(xcly, ©) — anroputm Sum-Product;

® p(x|y, ©) — max — anroputm Burtepbn / Max-Sum / Graph-Cut /

X
« — pacwuperne / TRW;
m p(x|y, ©) — camnanpoBsaHue;
m p(y|©) — max -
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ObyyeHne napamMeTpoB rpadpuyecknx moaesnei

(Y|@) - max p(X Y|@ HQ/)Z X YZ|@ )

Bonpoc Kak obyunTtb cTpyKTypy rpacbmquKom mopenn?

Y g

CL b,c e f,g wafe 1/’60 €, c¢eg €, gdjbg(b g)wa(b f)
p(a7 bv C, €, f7 ) - Zwae(a> 6)1/)fe(f, 6)1/)Ce(c, 6)1/){,9([), g)r
p(a7 bv ¢ €, f7 g) = Zi3wafec(a> f7 €, C)wefbg(ev f7 bv g)r
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MNpumep: Obyyerune cTpykTypsl M

.
nyCTby: [y17 gy YK] y Yi eRD-

1 1 1 & v
p(y) = S exp(=E(y)), E(y) = —EYTQY =-3 > vy

k,1=1
Q= O < yi, y; — YCNOBHO HE3aBUCUMbI NPU YCIOBUN OCTasbHbIX
MepPEMEHHbIX.
MNpes: Beectn anpuopHoe pacnpegeneHne Ha 2,
p(2) o< 1[2 > 0] exp(— A2 ).

log p(y, Q) o« —log I[€2 > 0] — \||Q|; + = logdem— —tr sz yi'
7=1
logp(€y, A) oc logp(y, £2) — max.

Bonpoc 1: Kak nsmenuts p(£2), 4Tobbl yopaTh paspexxuBaHne CTPyKTypsbl
BHYTPU KOMMOHEHT OAHON nepemMeHHol yy?

Bonpoc 2: Kak 060bwuts oby4eHmne cTpykTypbl Ha caydali ¢
HeHabJsllofaeMbIMU NepeMeHHbIMMU?
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OueHka runepnapaMeTpoB opueHTrpoBaHHoii ['M

d
p(y|®) — max, p(x, y|©) = [[ p(xi / yil Pas, ©5).
i=1
MNycTb BCe nepemeHHble Habnogaemble, TO eCTb X = ().
Bonpoc 1: Y7o namennnocs no oTHoweHuto k obliemy caydato?

log p(y|®) = Zlogp(yﬂpa,», ©;) — max.
i

Bonpoc 2: Yto moxHO ckazaTb npo 3agady, ecin ©; — Henepecekatowmecs
BO BCex dhakTopax?

Bonpoc 3: Mycts y; € [K], Pa; € [L]. Torna O = P(y; = k|Pa; = 1). Yo
nonyunm ans ©F7

Bonpoc 4: Yto genatb, ecan x # ()7
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OueHka runepnapamMeTpoB opueHTrpoBaHHoi [ M 2

d

p(y|©) — max, p(x, y|©) = 1:[117(3% / yilPai, ©;).

d
= i | yi|Pa;i, ©; )
p(y[©) /Hp(x / yilPai, ©;)dx — max
Npes: Ncnonbsyem EM-anroputm gnst noncka runepnapametpos O.
Baenen F(g, ©) = — [ () loga(x)dx + [ a(x)loga(y. x/6)dx =
logp(y|©) — Dxr(qllp(x[y, ©)) — max.

)

E-war. ¢(x) = argmiél Dk r(qllp(x]y, ©)).

J J
M-war. El EIE x) log p(x /yi|Pai,G)i)—>mé1x.
7 (2
Bonpoc: Yto gocratouto 3HaTh 0 ¢(x) Ans nposepernst M-wara?
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[Mpumep: Ouenka napametrpos CMM
(D —Co—Cn)
@ @ o D

3apava: p(y|A, B, ) — max , rge B = (m, o?)
A B,w
K N K K K
p(y, 2|, B, m) = [[m* [T T [T TT TTV @il, o)™
k=1 i=2 k=11=1 i=1k=1
K N K K
logp(y, z|A, B, m) = > ziplogme+ > > > zi1 xzalogag +
k=1 i=2 k=1 1=1

1
ZZZm( S logoj, — Q(Zyi—mk)2>~

i=1 k=1
E-war: ¢(Z) = p(Zly, A, B, «).

M-war: E;logp(y, z|A, B, 71') — Am]%x .
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[Mpumep: Ouenka napametrpos CMM

2 (M-war)

K K
) Ezig pzalogay +

k=11=1

K N
E,logp(y, z|A, B, w) = Z Ezix log mp, +
k=1 i=2
N K 1 , 1 )
ZZ Ezik | —5log oy — 2—2(% —mg)” ).
i=1 k=1 Tk
E,logp(y, z|A, B, ) = max .
, B,
N
T = Bzt agg o > Ezioy g
i=2
_ Zf\; Ezikyi o Zf\; Bz (yi — mk)2
mp=TN o Ok = N :
> i=1 Ezik > i=1 Ezik

Bonpoc: Yto Tpebyetcs 3HaTh npo ¢(Z), 4Tobbl ocywectButs M-war?
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OueHka napameTpoB HeopueHTupoBaHHoi [ M

(Y|@) — max p(X Y|@ sz Xzy YZ|@ )

Bonpoc: lNycTb BCe nepeMeHHble Ha6mop,aeMb|e x =0
MyCTb JOMOJIHUTENBHO BCE napameprl O; B pa3Hbix pakTOpax HE3aBNCUMBI.

BepHo nim O = arg maleog Yi(y; |G) )?
7=1

nyCTb BCE€ NEepeMEHHbIE Ha6mop,aeMb|e X = @
m

logp(y1, -, ym|©) = ZZlogwi(yﬂ@i) —mlog Z(©) — max

Vologp(yi, .-, yml®) =Y >  Velog¢i(y!|0;) — mVelog Z(O).

Naes: Ouenuts Vg log Z(©) n nocTponTs rpagueHTHbIA anropntm
makcumusaumn log p(yi, .., Ym|©) no ©, Hanpumep:
@n+l ®n+)\v®10gp(y1> SRR Ym|@n)
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Ouerka Z(O): Importance Sampling

p@@)ZE%Sﬂw@%Z@)Z/ﬁW@MY

Myctb po(y) — HEKOTOPOE MPeAIOKHOE pacnpeseneHue.

zz/mwﬂww:/mmlﬁ%wza/mm@”w.

po(y) Z00(y Po(y)
Zo N~ Blyn)
Bbibopo4Has oueHka: Z = 20 E ~p Yk , Y& ~ Po-
K~ po(yr)

Bonpoc 1: Yem oTanyaoTcst BbIGOPOUHbIE OLEHKM Z, MOCTPOEHHBIE A1si
pasHbix (po(y), Zo)?

57 lye) ?
pz= 205 (1 k_z>.
K? e~ (po(Yk:)

Bonpoc 2: Kak 3asucut gucnepcus ouerku DZ ot konndectsa camnios K7
3ameuanue: Cxema sacppekTusHa, ecnm po(y) =~ p(y).
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Ouerka Z(O): Bridge Sampling

P(y0) = ﬁm\ex 2(0) = / A(y|0)dy

Myctb po(y) — HEKOTOpPOE NPensioKHOe pacnpefeneHue, a
p«(y) — uHTepnonupyelee pacnpegeneHme Mexay po 1 p.

K - K .
5 _ LB o5 2N Pa(n)

~ Yi ~ Po; Zx =
* Kk_lpo(yg)’ RO TR
é Zp*yk ZP*YI:
P 1p0 yk;

Bonpoc 1: Myctb po n p, 3agaHbl. HYTo gononHuTensHo Tpebyetca B Bridge
Sampling npotus Importance Sampling ¢ py?

Bonpoc 2: Kak Bbibpatb p,?

oPt 250(3’)25(}’)

Dy — ~—— — 3aBucut ot 7!
ZOPO(Y) +5(y)

Z
Npes: VitepaTtneHo obHOBAATL A N py.
0
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OueHka napameTpoB HeopueHTupoBaHHoit [ M 2

(Y|@) — max p(X Y|@ sz Xi, YZ|@ )

MycTb Tenepb ecTtb HeHa6mop,aeMb|e nepemMeHHble, TO ecTb X # ().
d
1
p(y®) = Z(0) /il]l%(xz, yil©;)dx — max.
Npes: Ncnonbsyem EM-anroputm gnst noncka runepnapametpos O.
Baenen F(g, ©) = — [ () loga(x)dx + [ a(x)logp(y. x/6)dx =

log p(y|©) — D1, (q|lp(x]y, ©)) — max.

)

E-war. g(x) = arg min D (ql[p(xly, ©))

M-war. —mlog Z(0) + Z;Z; Eq(x) log 9i( XZ, yZ|G) ) — max .
7 %
Npes: Ha E-ware, camnimposats x ~ p(x|y, ©").
Ha M-ware - rpagneHTHbIli war B HanpaeneHnu ysenndenus F(q, ©).

13/15



Mpumep: Restricted Boltzmann Machine

E(v,h)=-b v—c h—v Wh, v, h; € {0, 1}.

1
p(v|®) =p(vlb, ¢, W) = m /eXP(—E(Va h))dh — bI’Tf%V-
E-war: hy, ..., hg ~ p(hlv, b", c", W");
p(hlv) = th|v P(h; —1|V)—O‘(CJ—I—V w;), W=[wy, ..., wyl.

M-war:

g(b, ¢, W) =—Klog Z(b, c, W) +c Zhl—i-v WZhl—> max .

=1 b,c, W
dg(b, ¢, W) _ _Kf)logZ(b , W) + vihy.

8wij 8wij

CsoiicTBo: Vg log Z(0©) = E(y, h)~p(v, n) Ve log (v, h|O).
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