/MARKov, BAYes, Avp VITERRI

ONe  Possipee (Avp SIMPLE)  waY To Use BAYESiAn
ANALYSIS s To DECIDE WHICH MARKOV CHAIN (S

MoRs Ukery To HAVE PRoDUCED A Given ORSER |/ATioN .

Fore INSTANCE, ConsiER ThHe FocloWe MmpELs For A
f
FAIR CIN AND A weirp”' ColN.

7
Eaie Werp
PlH)-p@)= L Plh) = }% (sramiownry)

GCiven Av oBScRVATIN oF HeaDS Amp TAILL, SpAy
X, X, .. X WHiCH Coins (/‘Mﬁfcw CHAIV) IS fMokEe

Likeey Tv HAve GEVERATED TRE SEQUENCE ?

IN  oTHerR Worps, Compare

P(FAIR/Y,...Yn) ANVD P(WE“?D/XJ‘--Y")

P(Fair /x,... Xn) oc P (% .. x, /mee) P(FaIR)

USIne THe Mprkoy  PRofzrT Y
P (% ¥ |par)= Pl o
!

VHepre ﬁ\’x
Y

X b Xie,

2 FX'&XS T K( X

/s THE TRANSITIoN  Pro BARILITY Foenn
v THE  FAIR" MArkow CHAN



Bor WHAT 1F THE SEGUENCE X, ...X, lygs

CENERPATED BY DIFFERENT COINS AT DIFFERENT Tipmex ?

For s RIND  of  &VesTion, A Hipew mMapxov MoDE |

Is More  Apro PRIATE .

HIDDEN MARWKOV MODEL-

A HipeN  markoy MopEL. IS Glven Ry

- A MArcos CHAIN WITH A SET oF a7

ANO TRAN SrTron FPROBARICITIE =5

- AV AcPHARET D>
- EMiStornv PROBARILITIES -

eK [‘5) /s THE  PrORARILITY OF EmMTTIN &
Symbor be S smwre K, D €(b)=4.
b

THe  orsepuATIONS X, .--X, ARs Now SYMBous N S
He StateEs emrring These  SYymRolS Are UM KNOWN

(Hivpen). We Aso Asume Tre MArkoy PrRoPERT Y

P(Ti;l :gf/)(w-"’ B(’m,; 7173)""71.""‘":.): P[m:d/nmﬁt)

FoR
© A, WhEre T, STanps Fee THE StATs AT

TIrvE .



A EXAM PLE.(F"/HR Vs, PRIASED CO/N)

0.9 o.)
o\
).z P(i)= 0.9

4)5 e Plri=o. ]
Pln)- L

s )i
P(r) 4

THE BpYesian Ruesrion 1s: Glven' A4 SeGuewce B2t

To0szs  (# £T) ) WHAT s THE /MOST UKELY FPATH Tirnr—
CNVERATED (7 2 N CENERAL

Finp 7= T .. 1., THAT  pAxImy 2«

PO ] %) oc P (X-a | 17) P ()
= P(E,X,JWZJXZ, T,

---)//n,Xn)
‘:P[?TD) fém e"ﬁ(}(’)ﬁ" fnz(xzj___, 7‘3

T

7] n

e?r.,, (X")

VHepe T, s A ’jc:fcr,cmu;” STARTIN G STATE™ Jyitit
EQuaL 1RASI TroN PROBARILITIES To A oTwee <ra7es

/N Pﬁ/M;PLf; We can =Y Ats Pc’?.&‘,r/ﬂ?z,g }9;?77‘{_( AND

VMPuTE  THe pmove FRORARILITY FoR
IDENTIFY THe one W/ITH
BuT

SACH AT Awp
Me CAPcET po
THIS Is o EFEFICEN T, THeps SRe

MaNY  PaTHs.

OBA &¢, Ty

oy



THE V/Terp| AL &OR ITH

Let Ve (i) Be THe PROBARILITY o©F THe

0 —
PTIMAC PATH TG ... T, THaT CENERATES X,... X, .

AND ENDS /N STATE k. THer)

Vﬁ-:é‘()g)./max [7/‘ (i-1). ]
Kk ) K £ < ) ng
/N oTHeR Wwopps , SVCH PATH MUsT CenerATE Sympos.

X, IV State Kk > ST Have mape A TRAVS Tiond Te

STATE K fRomM  Seme  STATE 8, Amp MYST HAVE

CENERATED X, ... X;., OPTIMAWY WIHE & EMING I
gTﬂTF £ Q‘Q >(L'.—].

s RecupsivE  DEFINITION For Ug (1) witt Auipw,
Us 7o loupure Vi(r) FoR eveny K, Tren
K
7He  oPTIMAL fHTH.
To  CoMpUTE Vi (i) we ewvy MNEED VALUES
oF Y (i-i) . W& START WITH Vo (0) =1 AMD

Ve (0)=0 PR KFO.

9&16& X oy Xapo
0 1 \ B
o] eveey V(o) Meevs THE
.10 é-§, PREVIQys toLUMN Tv RBE
510 // LopMpyTeED . 7o Free THeE TARLe
] TINE IS PropoRrTovA L TO nk*
I/ wHe RE fg‘ is F STATEs:



EXAMPLE . THe Corn FreVipysLy DESCRIRED .
ASSUME WE oRSepvE HH.

H H
ol 1+ © O
A
F| oxozs 0.2025 Keep TRACK WHERE VYou COME Frgm .
0.040
Bl o 049, ¢ 5

<o THe OPTIMAL PATH s OBF wmH PrRoB. ©.2025.
/F WE Dprop THE IMITIAL TRANS/TION From © To R

THE oPTIMAL PATH IS BF iTH PROBABILITY ©.405.

PRAcTICAL  ConNSIDERATION

PROGARILITIES OF PATHS GET Too SMALL- FoR THE
MACHINE  PRECISION - /T MI&eHT Re BeETER 7@ WoRk WiTH

The oG oF PRoBABILTIES. LeT

\/K("): /?j Vi L37
Ek (k) = /Oj Cw (4)

F?@K = éﬁ ﬁ?k

e Vi () = Ek(b)’F ﬂjé‘”‘?([\/ﬁ-("“)+ Ek]

AND Vifo)=0 5 Vi(o=—c0 For K#0



