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CKPbITbIe MapKOBCKNE Moaesnn: oCHOBHoOe
CneumnanbHble BUABLI MapKOBCKUX Mogenein

MapkoBckue Lenu

o MapkoBeckas uenb 3a4aéTCst HaYalibHBIM pacnpefeneHnem
BeposiTHocTelt pY(x) n BeposiTHOCTsIMK nepexoga T (x'; x).

@ T(x';x) — aTo pacnpegeneHne cneayroLiero sneMeHTa Lenn B
3aBUCMMOCTM OT ClefytoLlero; pacnpegenerune Ha (t + 1)—m
Lare paBHo

pHL(x') = j T(x'; x)p* (x)dx.

e B auckpetHom cnydae T(x’;x) — 3To MaTpuua BeposTHOCTel
plx" = ilx = j).
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JnckpeTHble MapKoBCKME Lenn

o Muel 6y,£|,6M HaxXoanTbCA B ANCKPETHOM Cly4ae.

@ MapkoBckasi MogeNlb — 3TO KOrAa Mbl MOXEM HabnogaTb
Kakue-To dpyHKLUM OT MapKOBCKOro npoLecca.
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JnckpeTHble MapKoBCKME Lenn

@ 3peckb x(t) — cam npouecc (Mogenb), a y(t) — To, 4TO MbI
Habnogaem.

@ 3apjava — onpeAennTb CKpPbIThbIE NapaMeTpbl NpoLecca.
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JnckpeTHble MapKoBCKME Lenn

@ [naBHOe CBOIICTBO — CieaytoLiee COCTOSIHNE HE 3aBUCUT OT
VICTOpI/II/I, TOJNIbLKO OT npep,bl,u,yu.l.ero COCTOAHNA.
p(x(t) = xjlx(t —1) = Xj,_1y...,x(1) = x;) =
= p(x(t) = xj|x(t — 1) = xj,_,).

e bonee Toro, atu BeposiTHocTh aj; = p(x(t) = xj|x(t — 1) = x;)
eLl€ N OT BpPeMeHU t He 3aBUCAT.

® JTu BEPOSITHOCTW U COCTABAAT MaTpuly nepexoga A = (ajj).
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o EctectBeHHble cBOliCTBa:
@ a; > 0.

o Zja;J':l.
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[Npsimasn 3agaya

@ EctecTBeHHasi 3a4a4a: C KaKOl BEPOSITHOCTLIO BbINAAET Ta WK
MHas NOCNeA0BaTENLHOCTL COBLITUIA?

o T.e. HaliTn Hy>KHO Ans nocnefoBaTensHOCT Q = Gy ... G,

p(QImopens) = p(qi, )p(ainlay) - .. p(gilgi ).

Kasanock bbl, 3TO TpUBUaALHO.

@ Y70 XKe CNOXHOro B peasnbHbix 3agadax’
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CKprTbIe MapKOBCKNE MOAENN

@ A cnoxHo TO, YTO HMKTO HAaM HE€ CKaXXET, 4YTO MOAENb OOJIXKHa
ObITb UMEHHO TaKoIi.

@ U, kpome TOro, mbl 0bbIYHO Habnogaem He x(t), T.e.
peasibHble COCTOAHMSI MOAenu, a y(t), T.e. HEKOTOPYIO
PyHKUMIO OT HUX (ZaHHbIE).

o [lpumep: pacnosHaBaHue peyu.
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3ap|aq|/| CKPbITbIX MapKOBCKNX Mop,ene|7|

@ [lepBasi: HallTN BEPOSATHOCTbL NOC/IEAOBATENbLHOCTH
HabntopeHnli B AaHHON Mogenu.

o BTopas: HaliTh «ONTUMaNbHYO» NOC/ENOBATENBLHOCTD
COCTOSIHUIA NPU YCNOBUW JAHHOW MOAENN U JAHHOW
nocnefoBaTeNbHOCTN HabatoaeHNA.

o TpeTbs: HaiiTn Hanbonee npaBaoONogobHYO MOAENb
(napameTpbi Mogenn).
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CocTtosiHust n Habatogaemble

@ X ={x1,...,Xn} — MHOXECTBO COCTOSIHWIA.

o V={vi,...,vn} — andasuT, n3 KoToporo mel Boibnpaem
Habntopaemble y (MHOXKECTBO 3HaueHNii ).

@ g — COCTOsiHUME BO BpeMsi t, ¥y — Habntogaemas BO Bpemsi t.

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



Mapkosckue uenu
BosHukatowme 3agaun
Pewenuns 3apay

CKPbITbIe MapKOBCKNE Moaesnn: oCHOBHoOe
CneumnanbHble BUABLI MapKOBCKUX Mogenein

Pacnpeaenenus

ajj = p(qe+1 = Xjlq: = Xi) — BepOATHOCTL Nepexoaa W3 i B j.

bj(k) = p(vklx;) — BeposTHOCTL NONy4MTL AaHHblE Vi B
COCTOSIHUM .

e HauvaneHoe pacnpepenenne m = {7;}, 7; = p(q1 = X;).

HanHble byaem obosHayaTh Yepes D = dy...dt
(nocnepoBaTenbHOCTL Habnogaembix, d; NpUHUMAOT
3HaveHus us V).
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KommeHTapuii

e [poue rosops, BoT kak paboraer HMM (hidden Markov
model).

Bbibepem HauyanbHOE COCTOSIHME X1 MO PacnpeaesieHunto 7.
[Motorlpo T:

o Bbibepem Habntogaemyto dy no pacnpegenenunto p(vilx;).

] Bb|6epeM cnegyrouiee CoOCTosAHMe No pacnpeneneHnto
p(Ger1 = Xjlqe = xi).
o TaKI/IM AJITOPUTMOM MOXXHO Bbl6paTb CﬂyanIHny
NnocnefoBaTENbLHOCTL HabaogaeMbix.
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3agayn

o Tenepb MoXxHO hopMann3oBaTh NOCTAHOBKY 3afayd.

o [lepBas 3agaya: no gaHHoit mogenun A = (A, B, 7) n
nocnegosatensHoctn D Haiitn p(D|A). PakTnyeckn, 31o
HY>XXHO AJ1s1 TOrO, 4YTODbI OLEHUTb, HACKOJIbKO XOPOLIO MOZEb
NOAXOAUT K AAHHBIM.

@ BTopas 3agava: no gaHHoli Mogenn A 1 nocnesoBaTebHOCTU
D HaliTn «onTumasbHytO» NoCiefoBaTEbHOCTL COCTOSIHNN
®Q = q1...97. Kak n paHblie, byaeT aBa pewleHus:
«nobutosoe» n obLuee.

@ TpeTbsi 3agava: ONTUMN3MPOBATL NMapaMeTpbl MOLEN
A = (A, B, ) Tak, 4tobbl makcummusuposaTs p(DIA) npu
paHHoM D (HaliTm mogesnb MakcuManbHOro npaegonogobus).
DTa 3afayva — rnaeHasi, B Hell 1 3ak/04aeTcst obyyeHmne
CKPbITbIX MapKOBCKUX MOJeNeii.
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[locTaHoBKa nepBoli 3agayu

o PopmanbHo, nepeas 3afaya BbIrAAANT Tak. Hy)KHO HaliTw
p(DIA) = Zp DIQ,\)p(D\) =

Z bg, (1) ... bgr (dT)Tq1 3010 - - - g7 _1q7

-dqT

@ Hwuyero He HanomuHaeT?
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CyTb pelueHus nepBoii 3aga4u

*] I'IpanmbHo, OTO TaKasd Xe 3afjad4a MapruHannsauumn, Kak Mbl
pellaem BCE BpeMS.

@ Mol Bocnonb3yemcsi Tak HasbiBaemoii forward—backward
procedure, Mo cyTu — LUHAMUYECKAM MPOrpaMMUPOBAHNEM Ha
peLLETKe.

] Byp,eM nocnenoBaTeNIbHO BbIHNCAATD MPOMEXYTOHYHbIE
BEJINYNHBLI BNUAa

o (i) = p(di...dsy g = xilA),

T.€. ICKOMblE BEPOSITHOCTU, HO eLL€ C YHETOM TEKYLLEro
COCTOSIHUS.
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Pelwexve nepsoii 3aga4u

Nunumnanuzupyem o (i) = m;b;(dy).

o LUar nngykuunn:

ae1(y) = Z ot (i ay (dt+1)

[Mocne Toro kak goiigém go wara T, nogcymtaem To, YTO Ham

p(DIA) = Z ot (i

o DakTuyecku, 3TO TONLKO MPSIMO Npoxog, obpaTHbI Ham

HY>KHO:

34eCb He noHagobuncs.

@ YT0 BblYNCASAN Bbl 0BpaTHLIA Npoxoa?
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ObpaTHbIil npoxos

@ OH Bbluncnsan bbl YCJZIOBHbIE BEPOATHOCTN
Be(i) = pldet1 ... drlge = xi, A).

@ Vx MoxHO BblYMCAUTL, nponHuumanmsnposas Br(i) =1, a
3aTeM MO UHAYKLMU:

Be(i) =) ajbj(der1)Brsali).

Jj=1

@ JTO HaMm NPUTOZMTCS HYTh MO3XKE, NPU PeLLeHU BTOPOIA 1
TpeTbein 3afauun.
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[lBa BapuaHTa BTOpOI1 3a4au4m

@ Kak mbl Y>Ke€ YNOMWUHaNN, BO3MOXXHbl ABa BapunaHTa.

o [lepsbliii: pewaTs «NObUTOBOY, OTBEYAst HA BOMPOC «KAKOEe
Haubosiee BEPOSITHOE COCTOSIHINE BO BPeEMSsI j7».

@ Bropoii: pewatb 3agady «kakast Haubonee BeposiTHas
NOCNeA0BaTENbHOCTL COCTOSHUM .
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[obutosoe pelueHmne

*] PaCCMOTpVIM BCNOMOraTesibHbl€ NEPEMEHHbIE
Ye(i) = plge = xi|D, A).
e Hawa 3agaya — HaliTn
qr = argmax; ;< ve(i)y, 1<t<T.

e Kak 310 caenatb?
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[obutosoe pelueHmne

@ BrbipaxkaeM yepes o n f3:

xe (1) (/) xe (1) (/)

i
p(DIN) X7y ae(i)Beli)’

@ Ha 3HameHaTenb MOXHO He o6pau.|,aTb BHUMaHNA — HaM

Yili) =

HY>KEH arg max.

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



MapKOBCKVIe uenwn
BosHukarowme 3agaun
Pewenns sagay

CKPbITbIe MapKOBCKNE Moaesnn: oCHOBHoOe
CneumnanbHble BUABLI MapKOBCKUX Mogenein

PelueHne oTHOCUTENBHO nocnengoBaTeE/IbHOCTU

@ YTobbl oTBETUTL Ha BONpoC O Haubosee BEPOATHOIA
noCnefoBaTENLHOCTY, Mbl ByAeM MCMnonbL30BaTh Tak
Ha3blBaeMblli anroputm Butepbu (To ecTb, no cytu, To xe
caMoe [MHaMUYECKOE NMPOrpaMMUpOBaHIE).

@ Hawwu BcnomoraTesbHble NnepeMeEHHbIE — 3TO

8t(i) = max p(qiq2...q: = x;,dida... d[A).

q1y..qt—1
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PelueHne oTHOCUTENBHO nocnengoBaTeE/IbHOCTU

o T.e. 8;(i) — mMakcumanbHas BEPOSATHOCTb AOCTUYb COCTOSIHUS
Xj Ha ware t cpeaun Bcex NyTei C 3afaHHbIMU HabnogaeMbIimMu.

o [lo uHaykuun:

Sciali) = |maxsili)as] bidhia)

@ M nago ewé 3anomMuHaTh apryMeHTbl, @ HE TOJIbKO 3HAYEHUS;
ans storo byget maccue P¢(J).
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PelueHne oTHOCUTENBHO nocnenoBaTeENIbHOCTU. aNropuTMm

o Mpounnunumanusunpyem 61(7) = 7;b;(d1), P1(i) = [.

(]

Nuaykuyns:

d¢(j) = max [0:1(i)aj] bj(d:),

1<i<n

P:(j) = arg maxXj<j<np [5t—1(i)aij] .

o Korpa poitaém no wara T, dovHanbHbIA Wwar:
* - * -
p* = max d7(i), qT = argmax;<;<,07(i).
1<i<n ==

o W seiuncnaum nocnegosatensHocTs: g = Pri1(qy ).
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Obuias cyTb TpeTbeli 3a4a4u

@ AHanutnyeckn HaliTu rnobansHblii makcumyMm p(DIA) y Hac
HUKaK He MoJly4mnTCs.

@ 3aTo Mbl PacCCMOTPUM MTEPATWBHYIO npoueaypy (no cytn —
rPafMEHTHBIN NOABEM), KOTOpasi MPUBEAET K JIOKabHOMY
MaKCUMyMy.

@ J70 HasbiBaetcst anroputm bayma—Benxa (Baum—Welch
algorithm). O siBnsieTcss Ha caMOM fene 4acTHBIM CllyHaem
anroputma EM.
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MapKOBCKVIe uenwn
CKpbITble MapKOBCKWNE MOAENN: OCHOBHOE
& BosHukatowme sagaun
CI'IeL\I/IaI'IbeIe BUAbl MAapKOBCKUX Moaeneun
Pewenns sagay

BcnomoraTenbHble nepeMeHHbIE

@ Tenepb HalIMMMN BCMOMOraTe/lbHbIMU NEePEMEHHbIMU ByayT
BEPOSITHOCTM TOrO, YTO Mbl BO BpeMsi t B COCTOSIHUN Xj, @ BO
Bpema t + 1 — B cocToAHUM X;:

E»t(’)./) = P(Qt = Xiyqt+1 = XJ|D))\)

o Ecnn nepenncaTb yepes yxe 3HaKOMble NMepPEMEHHbIE!

E:ir)) = Oét(f)aybj(dt+1)f3t+1(j) Oét(')aij '(dt+1)f5t+1U)
0o p(DIA) Z Z «¢(i)ajjbj(der1)Bes1 ()
o OTmeTum Takxe, 4T V¢ (i Z Ee(iy ).
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N pes

@ ) ,v:e(i) — 3T0o OXMAAEMOE KONMHECTBO NEPEXOAOB U3
coctostHus X, a y_, &¢(i,j) — m3 x; B X|.

o Tenepb Ha ware M mbl byaem nepeoueHnBaTh BEPOSTHOCTY:

7T, = oXuUpaemasi 4acToTa B x; Ha ware 1 = yq(i),

K-BO nepexofioB 13 x; B X; ) . &:(i, )
K-BO MEPEeXofoB U3 X; develi)

ajj =

K-BO NOSIBAEHWI B X; N HabnogeHuli vy Zt:dt:Vk Ye(i)

bj(k) =

K-BO MOSIBNIEHUN B X; B Zﬂ’tm

o EM-anroputm npusenér k uenu: HadaTts ¢ A = (A, B, m),
nogcuntate A = (A, B, 7), cHoBa nepecunTaTb napameTpsbl 1

T.4.
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Pacctosinue Kynsbaka—/leiibnepa

e Kullback-Leibler distance (divergence) — ato
NHOPMALMOHHO-TEOPETUHECKAS MEPA TOTO, HACKOJIbKO
AaJleKu pacrpeenennst pyr oT Apyra.

Dk (p1, p2) Z p1(x Eii

@ lI13BecTHO, 4TO 3TO paccTosiHne BCerga HeoTpULATENLHO,
pasHo Hynto iff py = po.
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[MpumennTensho k HMM

@ Mbi onpegenum

P(Q, DIA)
p(DIA)

p(Q, DIA')

p1(Q) = (DN

p2(Q) =

o Torga p1 n pp — pacnpegeneHns, n paccTosiHme
Kullback—Leibler:

DIA) DIA)p(DIA
0 < DLk (AN ZPQDM p(Q, DINp(DIV) _

p(Q, DIN)p(DIA)
~ D|A p(Q, DN p(Q, DI
- Z p(DIA) € p(Q, DAY’
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BcnomoraTensHast dpyHkuums

o Beeném BcnomoraTenbHyto dyHKLUIO

QM) =) p(QID, ) log p(QID,N).
Q

o Torpa 3 HepaBeHCTBa C/IEAYET, YTO

QAN — QIMA) _ log p(DIN')
p(DIA) ~ T p(DA)

o Te., ecim QA\A) > Q(AN), To p(DIN') > p(DIA).
o T.e., ecqim mbl makcumusnpyem Q(A,A’) no A/, mbl Tem
caMbIM bByfieM 4BUraTbCA B HY)XKHYIO CTOPOHY.
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DyHkuma Q

@ HyxHo makcumusuposate Q(A,A'). Mepenuwem:
Q\A) =) p(QID,\)log p(QID,A) =
Q
= Z p(QID,\) log g, | | age raebae (de) =
t

=Y p Q|D A)log g, +> p(QID,A) Zlogaqt vae b (dy).
Q Q

o [Mocnenree BbipaxeHne nerko gudepeHLnpoBaTh Mo ajj,
bi(k) n m;, 1obaBNATL COOTBETCTBYIOLINE MHOXKUTENN
Jarpat»xa u pewats. Nonyuyntca nmeHHO nepecHéT no
anroputmy Bayma—Benxa (nposepsrel).
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Cmecu BbINYKJIbIX pacnpeaeneHnii
Mpopo>XKNTeNnLHOCTE COCTOAHMSA

o

@ Mapkogckue uenn

o BosHukarouwme 3agaqn
@ Pewenus 3agay

o CrneumnanbHble BULbI MapKOBCKUX Mogenei

o Cwmecn BbINYKIbIX pacnpeaeneHuii
o [1pofomKNTENBHOCTL COCTOSIHUS

o 5

DA



CKpbITble MapKOBCKNE MOAENN: OCHOBHOE Cmecu BbINYKIbIX pacnpeaeneHnii
CneumnaneHble BUALI MapKOBCKUX Mogeneii MpofonXKNTeNbHOCTL COCTOSIHUS

HenpepbiBHble nioTHOCTY HabatogaeMbix

@ V Hac bbinu anckpeTHble Habaogaemble C BEPOSTHOCTAMM
B = (b;(k)).

@ Ho B peanbHOIi XN3HM BCE CNOXKHEE: 3a4aCTyo Mbl
HabntoAaeM HenpepbIBHbIE CUTHASMBI, @ HE JUCKPETHbIE
BENYNHBI, N AUCKPETU30BaTb UX UMW MIOXO, WIN HeynobHo.

o [Mpu 3ToM camy uenb MOXXHO OCTaBUTb AUCKPETHOMN, T.€.
nepeiiTn K HenpepbiBHbIM b;(D).

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKprTble MapKOBCKNE Moaesnn: OCHOBHOE CMECI/I BbINYKNbIX pacnpe,qeneﬂmﬁ
CneumnaneHble BUALI MapKOBCKUX Mogeneii MpofonXKNTeNbHOCTL COCTOSIHUS

CrneunanbHblii BUA NAOTHOCTY

@ He pnsa Bcex nnoTHoCTel HalifeHbl anropuTMbl nepecHéTa
(obobuwerust anroputma Bayma—Benxa).

© Haunbonee obwuii pesynstaT BepeH, koraa b;(D) moxHo
NpeacTaBuTb B BUAE

M
bj(D) = Z CJmP(Da Wim, 0-jm))
m=1

rae Cjm — KoabduumneHtsl cmecn () . Cim =1),a P —
BbIMYKJIOE pacnpefesieHne Co CPEaHUM L 1 Bapuaumeii o
(rayccmaH nogoingér).

o K cyacTbio, Takoll KOHCTpyKLMeEl MOXHO npubansute atoboe
HenpepbIBHOE pacrnpegeneHne, no3TOMy 3TO MOXHO LIVPOKO
NPUMEHSITh.

Cepreii Hnkonenko CKpbITble MapKOBCK/E Moaenun



CKpbITble MapKOBCKNE MOAENN: OCHOBHOE Cmecu BbINYKIbIX pacnpeaeneHnii
CneumnaneHble BUALI MapKOBCKUX Mogeneii MpofonXKNTeNbHOCTL COCTOSIHUS

BcnomoraTenbHble nepeMeHHbIE

@ v:(j, m) — BEPOSITHOCTL ObITL B COCTOSIHUM j BO BpeMmsi t,
npu4ém 3a D oTBe4aeT m—ii KOMMOHEHT CMECH.

o PopmansHO roeops,

(Xt(j)ﬁt(j) ijp(db Wim, Gjm)
YLy ael/)Bel) ] | Xy GimP (dey Wjmy Ojm)

Yt(j) m) =

@ Ecim M =1, 1o 310 yxe n3eectHole Ham V¢ (J).

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKNE MOAENN: OCHOBHOE Cmecu BbINYKJIbIX pacnpeaeneHnii
CneumnaneHble BUALI MapKOBCKUX Mogeneii MpofonXKNTeNbHOCTL COCTOSIHUS

AnropuTtm ans aToro ciy4as

@ HyxHo HayuuTbca nepecuuTeiBaTh bj(D), T.e. nepecuunTeiBaTh
Cim» Wim N Ojm.

@ JTo genaeTcs Tak:

ZtT:l YtU) m)
Y ety m)

FL' _ Zz—zl Yt(ja m) : dt
’ Z;r:lyt(j) m)

o X veliym) - (de — pim) (de — pjm)*
" S veliym)

G =

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CI'leI.I,VIaJ'IthIe BNAbI MAapKOBCKUX MOAEJ‘Ieﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTb COCTOAHUA

[pobaema

o KaK MOAeJ’IVIpOBaTb I'IpO,D,OJ'I)KI/ITeJ'IbHOCTb HaXO)Kﬂ'eHI/Iﬂ B TOM
AN NHOM COCTOSIHUM?

o B pguckperHom criyyae BeposiTHOCTL MpobbITL B cocTosiHAM | d

LaroB:
pi(d) = a1 — a;).

o OpHako anst BoNbLIMHCTBA DU3NYECKNX CUTHANIOB Takoe
SKCMNOHEHUMAaNbHOe pacnpefie/leHne He COOTBETCTBYET
aencteutensHocTn. Mbl Bbl xoTenun siBHO 3aaBaTb MAOTHOCTb
npebbiBaHNA B JaHHOM COCTOSIHUW.

@ T.e. BMecTo KoadhduUmeHTOB nepexona B cebsi aj;; — siBHOE
3agaHune pacnpegenenuns p;(d).

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CﬂeI.I,VIaJ'IhHhIe BNAbI MAapKOBCKUX Mo,qeneﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTh COCTOAHUA

BcnomoraTenbHble nepeMeHHbIE

o Beesém nepemeHHble
ot (i) = p(dy ... ds, x; 3akaHumBaeTcs Bo Bpems t|A).

@ Bcero 3a nepsble t WaroB NoceweHo r COCTOSHWA Gy ... gy, U
Mbl Tam ocTasanuce di,...,d,. T.e. orpaHnyeHus:

r
qr = X;, > do=t.
s=1

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
Cﬂel.lVIaJ'Ibele BUAblI MAapKOBCKUX MO,qu'Ieﬁ npOﬂ,Oﬂ)KVITeJ'IbHOCTh COCTOAHUA

Bbiuuncnenune o (/)

o Torp,a nosly4aeTcsa

i)=Y Y Tqupa(h)plcids... dyyla)
q d

ag,q2Pg (d2)P(dgy41 -+ - day+drlG2) - - .

«+-dq, 1q9,Pq, (dr)p(dd1+...+d,_1+1

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu

... delgr).



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CﬂeI.I,VIaJ'IhHhIe BNAbI MAapKOBCKUX MO,qu'Ieﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTh COCTOAHUA

Bbiuuncnenune o (/)

o [lo nHaykuum

n

D
ouelj) = Zoct dagpi(d) T bilde),
1d=1

roe D — makcuManbHas ocTaHOBKa B 1I0OOM M3 COCTOSIHWIA.

@ Torpa, Kak 1 paHblLue,

p(dIA) = Z our (i

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CﬂeI.I,VIaJ'IhHhIe BNAbI MAapKOBCKUX Mo,qeneﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTh COCTOAHUA

BcnomoraTenbHble nepeMeHHbIE

@ [lns nepecyéta noTpebytoTcs ewé Tpu nepeMeHHble:
o (i) = p(di ...d:, x; HaunHaeTcs Bo Bpemsi t + 1[A),

B:(1) = p(dis1 ... dr|x; 3akaHunBaeTca Bo Bpems t,A),

Bi(i) = p(det1 ... dr|x; HaumHaeTcs Bo Bpems t + 1, ).

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CﬂeI.I,VIaJ'IhHhIe BNAbI MAapKOBCKUX Mo,qeneﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTh COCTOAHUA

BcnomoraTenbHble nepeMeHHbIE

o CooTHolleHns MeXay HNMn:

O(:(J) = Z oct(’)alj)
i=1
D t
i)=Y ot g(idpild) ] bilds),
d=1 s=t—d+1
)= a;Bi(
j=1
t+d
ZBter Npi(d H b;(d.
s=t+1

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CI'leIJ,VIaJ'IthIe BNAbI MAapKOBCKUX Mo,qeneﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTh COCTOAHUA

®Dopmynbl nepecyéTa

o [lpueeném dopmynbl nepecyéra.
@ 7T; — NPOCTO BEPOSTHOCTb TOrO, HTO X; OblA NepBbIM
P 7 g (1)
= —— .
p(dIA)

@ ajj — Ta Xe cbopmyna, 4TO O6b|‘-|HO, TOJIbKO BMECTE C X €CTb

COCTOAHMNEM!

elweé n B, koTopas rOBOPUT, YTO HOBOE COCTOSIHME HAYMHAETCS
Ha cnefyloLem Lwiare:

g i xeagBil)
oy S aeli)agBi(k)

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CI'leI.I,VIaJ'IthIe BNAbI MAapKOBCKUX MOAEJ‘Ieﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTb COCTOAHUA

®Dopmynbl nepecyéTa

@ b;(k) — oTHOWeHNE OXNAaHNA KoNn4ecTBa cobbiTuli dy = vy
B COCTOSIHUW X; K OXKMAAHNIO KONNYECTBA Ntoboro v; B

COCTOSIHUMN X;:

/B(k) _ Zz—:]-)dt:Vk (ZT<t ( )BT( i) — ZT<t o (1) Bl ))
| L ZZ:l»dt:Vk (ZT<t ok (NPE() — D ey (i) Breli )) '

@ pi(d) — oTHOLWEHNE OXKNAAHNA KONMYECTBA Pas, KOTOPLIE X;

CIYHUNIOCH C MPOAOKUTENBHOCTBIO d, K KOJIMYECTBY pas,
KOTOpble X; BOObLE Cly4anocs:

S L egli )md() B bi(ds)
Zdlztlcxt (d)Bera(i) TTED,  bi(ds)

pild) =

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CI'leIJ,VIaJ'IthIe BNAbI MAapKOBCKUX Mo,qeneﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTh COCTOAHUA

3a n npotue

@ Takoii nogxop o4eHb noneseH, korga p;(d) maneko ot
SKCMOHEHLMANBLHOTO.

o OpfHaKo OH CUBLHO YBEIMYUBAET BbIYUCIUTENBHYIO CIIOXKHOCTb
(e D? pas).

e 1, kpome Toro, ctaHoBMTCS ropasgo bosblie napaMeTpos, T.e.
HY>XHO, BoObLLEe roBopsi, bonblue faHHbIX, YTODbI 3TK
napameTpbl HagEXHO OLEHUTL.

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



CKpbITble MapKOBCKME MOAENN: OCHOBHOE Cmecn BbiNyk/bIX pacrnpeneneHnii
CI'leIJ,VIaJ'IthIe BNAbI MAapKOBCKUX Mo,qeneﬁ npOﬂ,Oﬂ)KVITEJ'IbHOCTh COCTOAHUA

[lapameTpuyeckasi NPOACIKNTENBHOCTb COCTOSIHUS

@ YT0bbl YMEHBILINTL KOIMYECTBO NapamMeTpOB, MOXHO WHOrAa
cunTaTthb, 4To p;(d) — Knaccmyeckoe pacnpegaeneHue C He
CAMLWKOM BONBLINM KOMYECTBOM NapameTpoE.

@ Hanpuwmep, p;i(d) MoxeT bbITe paBHOMEPHBLIM, UK
Hopmanbhbim (p;(d) = N (d, wi, 02)), nan
ramma—pacnpegeneHmem:

n?/i d\/;flef‘q;d

pild) = M

Cepreii Hukonenko CKpbITble MapKoBCKne Moaenu



Cnacunbo 3a BHumaHue!
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