EM 5L 8] AU H

i

Rt

B KRS T TR KT 69 5 Fobf A Z 18 694 2R BE 3K )
AT o RATH) EM FR W SEERA P A mAL L )RR QR 498
A SR T AT KACAA R 5 2% B-step RARY Q %K, A EFIIE
B E@m A NG T, FAE ANERBETHE—/N4iE. EM Fk5%2
FFHOKSRAE, R A RAER R A ] A LB A . —ANE e ok
1538 I B H AP CM Ak VT AR F A A ik ROKA A EAA M. T
‘1’4%5' —ANEZNKX: AAE M MEF T Shannon 43 & R MEiE XL
2 8 G(BP 34 log(normalized likelihood)) 89 #8/MA. £ H 3% K G(f I~ 2 QF»
Bl R OFRT AT AR TN o FT 5k 69 0 AT VAAF B B AR E B —— i@ if
Shannon # A543 B & %k A FH HR 3] 69 T o F ik fe kR T ik, A2 UK
Ty ik FaiE AT B iR CM B kA EM Bk % MM H % (Neal #= Hinton
) HEANFIER, TUIERMNAF LA B R 2 M. CM E ik R LT A
TRAEA, LTARATFEEFIREHET T,

FKEEE: EM Bk, CM Hik; JRAHM; Shannon F18; 18 XE1E; B8k
F A% Shannon AAEE; Tl .15 5

1 5|5
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PRI E AEIE M Shannon 1518 AH BT RC SEBLTR A RIS, A H 2
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EX 11 FATH U FoRsefl =8, H XRRIBUET U eE Bl
B, B XEU={x1, x2, ..., Xn}. NETEIRES, BE® UL—%K. FH YV
ForbradiE), Y ZoRBUAT VhonR MBS E, B YEV={), )2, ...,
Yn)-

EX 1.2 = MR B TR, BRI D={(x(); y(0)|=1, 2, ..., N; x(?)
EU; yOEV}, Hrh t BREEBIT S, NRFEGLEE. — MR HFEAR D={(x(1),
x(2), ..., x(N)| Y=y}, N; /& &H v BRI ST

EX1.1.3 WATVH 0 FoR TN (ST 240 - Ay, A —
AT FAEEY 0;. 45 7 ; BT ) X IR 0 A A2 P(XN6; ) , BB 6
A Dy Z A1 ALLER R 2K

EX 1.1.4 % PXORFEAD G, P(Y)RFFEMR A, P(X)y)sE &1
KOA(ZFHHKE DG , W 6 F X 218, Ll 6 A X Z 18] 15 4
(BIAZ SN 43002 «

H,(X) == P(x)log P,(x,), HHP,(x)=3 P(y,)P(x|6,) (D)



H(X|6,)== P(x,|y,)log P(x,6,) )

EIR A1 WUERAEE X 1.1.2 BRSOy sl i N ANRSLIE] 73 A1 B
PR AR (E AR B ) 5 W 6 F1 X Z [8] (P S0 KR BE it 55 1
B 58 S

WERR: % Db x N AR Ny, 3 N ARORIE, P(xilyy)= Ny/N;. BONARAT ]
AR, TR X EIREE

3)
=N, 3P |3 log P(x[6,)=- N, H(X6,)

It CMBAER B 55 BT 35002 Ll 6;)/N=-H(X)0)). IEEE.

HHE, 75 P(X)0; )= PXy)CF T )N, 28 U/, FLra8 SO EK
SR FE oK.

[F3 0 F1 D 2 (8 MR logLu(0)= -NHe(X) . EM EiEH i H bRt O
Wt R BEA LR, BRI A A R [ 9% Rt -

log LX,Y(H)

= 1ogH[P(y,- WP(x(1),x(2),...,x(N )| 6,)] @
- NZ P( yj)z P(x,| y,)log P(x,.y |0,

=-NH(X,Y|0,)
2.2 AN IEREREM EERATRAER

BB n A e i 731 R (AR ) 2 -

PH(X]y)) =P(X| 6%)=Kexp[-(X-¢;)*/(2d7)], j=1,2,....n ®)
Hrp KA REL o R0, d @ briiZ. B —MERS T P2 A
AT R G

PX)=P*y)PH(Xy1)+P*(y2) P*(X]y2) (0)
Horfr PH(y1), PHon) R B IR A L. AT R g Ay 2 i oA B n=2, Jf
ARHEX LS H. BAEBAEI 5 NSEPOn), 1, e, di, do (P(2)=1-P(y)) .
AR 45 20 14 73 A7

PoX)=P(1)P(X|01)+P(y2)P(X]02) (7

Po(X)FIRT PXO)IIA XTI 5K Kullback-leibler 2 25 &

H(PIR) =3 P log ]’f ((’;)) ®)
WIER P A IR, MR 0, ELin /T 0.001 EbF, A4 mlt S ERAT1HE Xt
7.

EM EyERIE AR BAR R HINEASA PN 03K Lo 0)ik i KGN T4
X H(P||Po)istae/N). FIZE U@ IE 5 i EM SR AR A XU
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—NZZP(X)P(y | x;)log P(x,,y,160)

>L= NZZP(xi)P(yl. | x,)log
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J
Hh PXO)ETAT T P(XLy;, 6). A0S 930 DU & Ah A8 SUR A
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WREEAT, EREEH, BN 2] E-step.

Dempster f1 Wu % AN AN M-step 7] LAHE K 06|60 ), E-step EA#/D O,
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H¥XY) IRK, TR E AL HXY|0) A 8 K (/& U6 & LR B2
O=Lx A O) L BRI R A AR BE L vy (0%)=- NH*X, Y)IEK) , HEAAWE K
QO MIHRT.

tean U={1,2,3,...,100}, ERBIRLLLGIE PH(1)=P*(2)=0.5; EIRAZHL
& 01*=35, c2*=65, di*=dr*=d*=15. R MBI SEH R E di=do=d, F1 d*
AE, d 4y log 20K d F log ATAK) do Q HIZALTINZR 1 R

Table 1 A Counterexample against Popular Convergence Proof of EM Algorithm

& 1 RATH EM FEWSOE B 1 ) ]

left d rightd | O/N (bits)=-H(X Y|6))
True O* 15 15 -6.89
Larger O 10 10 -6.75, counterexample
Larger O 5 12 -6.59, counterexample
Less O 5 5 -8.11

AL H*(XY) BOK, A2 6.89 LR, W WA LB A1 S50 P(11)=0.5;
di=dr=d=10; ci1=c1*, c;=co*. WM FIEA 22 X H(X, Y|0) B/, #2& 6.75 Lt
FEo S left d=5, right =12, | H(X, Y|6)=6.59, H/IN. O Lt O* 5 K Fi
monmsKRT.
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TR SR 22 A, BEA A8 Ot 238 K. IX B USRE 0= -8.11N LA,
LA/, IR B 3G K O FE XS

BATHEBRATH EM SR SGE M 58 AN R, ZIEIAN E-step R
R ORI/ O, BRI/ HX Y)0), 13sSE ARG, JETHE] 2
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HX,Y|0), Bl O, A 3BT el sl BT A, AT 1 EM BRI SOiE B
R AR T 258 — MR

MM FVEE R AT DI PRaEARICSI, (E R i) @ e R, 2R F 76 E-
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AR MM S I R, (R EERFE 2 4b

3 CM &k Kk $iiik Be

34 EEEEREECM BEE) AT RARE

CM BiE i (EIB VLR Bk ——BRIE S ITE A Shannon {5 18 AH E. UL AL A 1%
REE. EHGHES Shannon 5 B2 K HKE R(D)E| R(G)FH T 54 L 46 A1
wEERA[10-12], GREXHAFE, R Shannon HAEE, R(G)Z4%
E G RIER/AME. ATRLER, AFRT— R(G)REE BRI, SFHE 1.
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Fig. 1 Any R(G) function is bowl like. It has a point where R=G, which implies P(X]y;)

=P(X|6;)(=1,2,...).

B 11— ROBHEIMABREK, Kb HFE =6 HHE, X PXY)

=P(X16))(j=1,2,...).

B P(X)y) =P(X]6;)(=1,2,...), #EH/IME RG)-G. B NEEEAR

=)
rE:

G =1(X:6)= Y P(y) Y Plx; |, log }()' 2
0,1x) () (11
X,
—ZP(x)ZP(y,|x>1g R

CM EACE Ll AR RAR AL log A7 32 FOUIAR Y (Right-step) 1 42 322 )
Shannon {55 18 (Left-step). G FHAth JLFR A X 2 [0 ) 58 R 2
G=1(X;0)=H(X)-H(X|80)
= H(X)+H,(Y)-H(Y,X|0)

12
H(X|0)= ZZP(x y)log P(x,]6)) (12)

H,(Y)= ZP“(yj)logP(y,)

H(X,Y|0)==2.> P(x,,y,)log[P(X | 0))P(y,)]
Hrp H(X)/Z X 1) Shannon . P ()2 %51 y, MER. H(X Y|0)= - O/N.
Fof TR A2 S e SCan A #(12) . CM JiEIR Ry =28
Left-step a : #Ji% Shannon {5i&——F1 EM ik ) E-step #HIF], &
X(10) X 13) FE—NA

Left-step b : % P(Y), BIFEIR A i i A 2 20 UR s AR



P(yj)=zp(xi)P(yj |xi)=zp(xi)P(yj |xi)5j=152""
P(y,|x)=P(x,|0)P(y)) 1> P(y)P(x,]6,), (13)
i=1,2,..;7=12,..

HE RG] PNAEE, K8 PTUY). XEEMUR R R, H10) 724
Shannon {518 P(Y|X)[F] P(X)F1 0 R AT REAAHITHL, B X P(x)P(Y|x:)#=P(Y).
HE(13) 7] LARIEAXT I H(P||Po)i/lS, A Q 3K,

WIERA X H(P||\PO)NT— A R/ME,  Lhn 0.0001 s, Nk,
75 ) 4k 25,

Right-step: 7£ N[ log ZLUAZIEILT, FATAL log J5 TR 2%
0, J RATE L HAS B

. P(x,|6)) P(x |6))
G=1(X;0) Z;P(x,-)—% ) P(yf')l"g—p(x,.)
(14)
43| Step a.
3.2 ATRAERR CM BEEWSTIERR

ZIUEFRIE RGBT : R(G)REZMET, R-G AF7EME—H/IME
0, IXB} R=G. XIE AR HP||Po)iEik R-G.
1 Left-step a(ak EM ﬁﬁg‘ﬁ’] E-step)Z J&i,» Shannon F.A% 5 I(X; V)25 K

. ZZP() %) p(y, yiog P )

( ) PO
oo
" P(x,|6)
) Z (x)P(y; | x) Z () p P
FA1w X
" P(x;16)) P(x,]0))
RY= 2.2 P00 oy Poloe—p s (>

25 FH] R G*H(P||Pe) ?z‘%ﬁ

0, P(x[0)P(;)
R=22 PO ey P( ) (j)log{m}

=R"-H(Y™"||Y) (16)
HYY)= ZP*‘(y,-)IOg[P”(yj)/P(yj)]

H(P||P)=R"-G=R-G+H(Y"||Y) (17)



CM BEF B =0T IR 44 A gt R, HY ™Y\ A G. 2R, UACSiciE ie
HEFE: MIATRME R B HY DI, HARITE LS, i, 43%47
B/ME HY DI, R-G UTH R, 75 R™-G Ae/h. WK
sE, FRATAT LR AR A# Shannon 15 5 H R AL R(D)H B 19728 7 5 A%k
RITIEEE[16], p. 316) UEH] R-G FERE— 5 R AE Il /N -

CM BGEWSGIERA : IR Po(X) YRS E] PO AR EE B H(P||Po)S I E
0. HEBANEY CM FEME— D H/ME IX1)-I(X;0)——EEE—1
Left-step a & AR (19)FHY R-G. B, Right-step /Ml R-G, FN'EAEH K
. G IRHEASAE R )R 1 in) @k &2 1UE B Left-step a Al Left-step b 414
/ME R-G.

A7 K A# Shannon {5 B 238 % FLBR AL R(D)HI 2 138 73 J7 1 AEARTT
K(BHE(16], p. 316). WAL, KEE d; B MNiE G EE I(x;0)=
log[P(xi|6))/P(x;)]; RD)REMISBEL s B 1. AT /ML X N-IX0), B
T HAS BA H e 73t P(YIX) AT P(Y). ARAL P(Y| X)) FR il 26 14 =2

D P(y,|x)=1,i=12,..,n (18)
J
Al POY) I PR il 2 A A2
P(y)) =2 PCc)P(y; | %),/ =1.2 (19)
Bt LAHiA% BH H bR 202
F=1(X;Y)=I(X;0)- 1, ) P(y;|x)—a) P(y,) (22)
J J

AT A P(Y|X), FATEE F iy Poy)FE A4 OF /0Py, |x)=0. T
AEAFEILALET P(YIX) (FEILBH % D)

P¥(y;1%)=P(y)P(x,10,)/ D P(y)P(x,16,),i=1.2.....0n; j=12 (23)
k

X 1E & EM Hykrh E-step 1 CM &£ Left-step a F 2 A7 A 20
AT AL P(Y), BAEE F i) Poj) I H4 0F /0P(y;)=0. T4
FAL T P(Y) (VLB % 1)
PXy,) =2 POx)P(y;]%).j=1.2....n (24)

X IEJ2E Left-step b HEIFI A BA(23)—EALE Left-step b H AN /Mb
R-G, /MG H(Y||Y).

AT P(YX), BATEE F ) POy)IFH4A OF /0P(y,lx,)=0. T#
REALE P(YIX)(ZE(16], p. 316) :

P(y,|x)=P(y)P(X |0/ P(x,),i=12,...n; j=12
RN P(YIx) AL, BI(18) AL, BT LA



P(y, IX)=P(y,-)P(X|6’,-)/ZP(y,-)P(X|6’,~) (20)

IX1E /& E-step fil Left-step a 2| A, FTLA%G € P(NAISEL O, R”
#& Shannon H.A5 B I /MA. Lesft-step b 38 P(V)2C A P (FIH13) %4X) ,
Z IR R RD) & B S HOE X 21 R ERIEA([16], p.326) , 113 P(YIX)RE
W 2(20), WITHD P(X), B X POo)P(Y|x)=P(Y). FTLA Left-step ( a fl b)
I8/ RAL R, T/ INFE XS 85 H(P)|Po) . MEEE.

3.3 i CM BEUE KRR AR BB F

N2 CM B R AR SRR M. O TR IR BRI AT E R
M BB SR 00 A P(X), AN WNFEAR S T3 E] P(X). AR
KIS, PSS RN % —FE. BRI, PiFPgh BBz AR H R, % n=2, K
5I Shannon HAF B R*=G*=H(X)-H*(X|Y).

5l 1 ¥)44 Shannon HAZEJE R, R<R*, ISR R K. A KR W,
2 IR, BFE B EMAEXEE R-G) B2 I B 2 Fios.

Table 2 Real and guessed model parameters and iterative results for Example 1 (R<R*)

* 2 ATAFN RSB RIERER (R<RY)

Real parameters ~ Start parameters Parameters after 5 Right-steps
H(P||Ps)=0.680 bit  H(P||Ps)=0.00092 bit
c d PYY) ¢ d PY) ¢ d P
Y1 35 8 0.7 30 15 0.5 354 83 0.720
2 65 12 0.3 70 15 0.5 652 11.4 0.280

Y

0.1

Entrop

start Lb R1 La Lb R2Z La Lb R3 La Lb R4 La Lb RS
Step
Fig. 2 The iterative process as R<R*. H(P||Ps)= R"-G decreases in all steps. G is
monotonically increasing with R except in the first Left-step b. G and R gradually approach

G*=R* so that H(P||Ps)= R"-G is close to 0. Five iterations are needed for convergence.



K2 R<R*ATIEACIIFE. H(P||Po)= R"-G fEE—H/>. GRIFEAK, RMBIFELR
(7 7 Left-step b) ; G A RFEHHERE G*=R* 113 H(P||Po)= R" -G Hilt 0. 4% 5 K5
s

IEARUCERIT, T 53 A5 Po(X)FISE B A8 P(X)E S 1E L an &l 3 o,

0.040

o
o
(W]
o

0.020

Probability

o
o
frd
=]

0.000

Fig. 3 After 5 iterations, predictive distribution Py(X) is close to sampling distribution P(X)
B 3 AR SN, T 234 P o) FFEAR 53 A POO#RIE
AT EM SIEISGE & B, iR E B, 0 5t
18 H'(X Y|0) 3G K. H2 R+ A .
5 2 ¥14f Shannon HAZEJE R, R>R*; AT FEH R IR/, XA

FreXt EM ByERIBkR, N O & AT RE R R, IE/& R NTE E-step ' 0 & F
F%, R A vl Redkin R*. BREIEME RSH L 3 FE 4.

%3 ALFEUNSEIIERER (R<RY)

Table 3 Real and guessed model parameters and iterative results for Example 2 (R >R*)

Real parameters ~ Starting parameters  Parameters after 5 Right-steps
H(P||Ps)=0.680 bit  H(P||Ps)=0.00092 bit
c d P ¢ d PO c d P
1 35 8 0.1 30 8 0.5 38 9.3 0.134
y2 65 12 09 70 8 0.5 65.8 11.5 0.866

10



Q is not motnotonically increasing

1.000000

QfN+7
0.800000

0.600000

R
0.400000 ’  ERENE— _— — =R

Entropy or Information (bits)

L’
0.200000 J\ G
\‘ - R-G
0.000000 I e e H(P||Ps)
O « mMm O N M O M © O < © O N T O
s s [ S i o R e [ S s S [

start

Fig. 4 The iterative process as R>R*. H(P||Po)=R”-G decreases in all steps. R is
monotonically decreasing. G increases in all Right-steps and decreases in all Left-steps. G and
R gradually approach G*=R* so that H(P||Ps)=R -G is close to 0. Five iterations are needed
for convergence.

K 4 R>R*BHEIEMRERE. H(P||Po)=R -G TEA—F/N. R HiHE/S, T G EME
Right-step 34K, fEFrE Left-step /N, ¢ Fl R BWiHn G*=R* , {18 H(P||Po)=R -G ¥
I 0. AR 5 IRJF IS

EE, EXNMITFH, Q 7555 A Left-step a(tBii & E-step)s& M,
WA TR, WIERSL. BN O BRS04 1 0* I8 K. EM BRI
SGIEA R EE A X B, AR SHGE: P*(11)=0.1; c1*=35, c2*=35; d\*=S8,
dy*=12. O*/N=-6.03 bits. IEACHT LB EHE T -

Left a: P(y1)=0.5; log &£ A5 SR 2 ¢1=30, ¢2=70; d1=d>»=8. Q/N=-6.68

Left b: P(y1) N 0.1617. Q/N=-6.34.

Right: log 11 Z ¥ N ¢1=37.8, c=66.6; di=8.5, d>»=10.5. Q/N=-
6.01>0*/N=-6.03.

Left a: 2 XIS HATAMIFE; O/N A HN-6.077. X —5 1 O FEI /M .

HE 470, QL QAT H(P||Po)#E 0.

4 CM HZEM EM HiEK MM Z 8B &R

EM SESEA 2 30T PSR

L(O)>L=0+H 1)
WIS A8 X T (PR LA N) 52
-Hy(X)=-H(X, Y|0)+Hy(Y]X) (22)

KT EHJLMER E X, /1) M12) . s B in £ Shannon 4
HX), ErT LA

-H(P||Py)y=H(X)-H(X, Y|+ H Y|X)
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=[HX)+Ho(Y)-H(X,Y|0)]-[HAY)- Ho(Y|X)]= G-R"

Bl H(P||Pg) <R"-G. W] W, EM Hi%kA CM HyFEAEM. (HE CM BERH
F 2 Jensen ANEZE 3.

WERIRATE EM HiEF ) M-step Joifi % P(Y)(IH% H FIA 2 KL O,
1M & Z 8 Shannon {S1E & EE, 41 CM HikH Left-step b, A4 E LS
fir. WHE KRR

EM B2 E-step = CM 5L Left-step a
EM ] M-step =~ CM 5.7k [ Left-step b + Right-step

R4 EM EiR K2 FIRE? mTREMR R Z: DHEAE A IEE] R
s 2)FENIAEE PONFERLAE L S AE L, )N HETREIAE T P(Y).
BT RE MM 5k, R 288 N, B AR R F T LUS Al

F=Q+H(Y)=-H(X, Y|0))+H(Y)~ -Ho(X]Y) (23)

AT F 2% X 538 O, -~ F AT RE PPN #P(Y), H HoY)
AR R-Ho(XY). BN G=H(X) -Ho(X|Y), JRA F il E KA &
GE G XFEAL FRiT DR CM HIE ) Right-step —FF, AEUE P(Y), T A
A 0. X WAL 4 MM BRI PSR, {H72& Neal #1 Hinton A #K E-step
Wi KAk F, Xt CM B3R 1. CM HIETE Left-step b HIA%E P(Y), 1
AR G R RS Gl HA KR, G & FB— W BT E 4.

MR TR ZEREARIRECE, TR R EM BEeidudE iy EM B9k, 1%
RIRBUCRZAE 10 IREL_1[4,17-19]. 10 CM EiE R ERIERRBKZTE 10 K
PARL

Neal fil Hinton F—/Ml 7 ELE T EM ByEM MM Bk, XAMEFrf—
A E AR S A E W AT E O IR IRATHM R 67 & F CM Hik
BRI

B 3. FELAFFIESHIRE LU W3 4 B~k H Neal #1 Hinton
[4]), MIRLREHE X045 236 i I X 45 A 02 X=20(X°-50). H cM
ik, WFEE 9 A left-steps fil 8 /) right-steps, AN IA F] H(P||Po)=0.00072 bit.

Table 4 %1 3 F ESEFUFMI AR S HFIEA LS R

Real parameters  Starting parameters ~ Parameters after 9 Left-steps

H(P||Ps)=0.680 bit  H(P||Ps)=0.00072 bit

woe* PXY) p o PXY) u o P(Y)
y 46 2 07 30 20 0.5 46.001  2.032 0.6990
» 50 20 03 70 20 0.5 50.08 19.17 0.3010

U6 CM 9% %) EXCEL 30 F#k:  http:/survivor99.com/lcg/CM-iteration.zip
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* 5 BoR T =R ENEIST T E kA, Hd M BEEMIES
REBHAE LT B SR, CM FiEREREE MM BEr—F, 2
EM &1 1/4.

Table 5 The iteration numbers and final parameters and ratios for different algorithms

Algorithm Sample Iteration Convergent parameters

size number U o1 02 Ply)
EM 1000 about36  46.14 49.68 1.90 19.18 0.731
MM 1000 about 18  46.14 49.68 1.90 19.18 0.731
cM oo 9 46.001 50.08 2.03 19.17 0.699
Real parameters 46 50 2 20 0.7

CM FAREA R A 5 frs.

2.5
Q is decreasing in some steps
\.

5.0 / / Q/N+7
1.5 Ply1)
1.0

....... G*

- R"

Entropy or Information (bits)
= o o9 o
o (8,1
|
wa
1

o5 mnwpr%mgvmgmmnwm_ar\m_ommm
< q:_l_ls_l_ln:_l_lg:_l_lg:_!_Am_l_ln:_l_lg:S_g
05 -5 — — e H(P|| Po)
-
[}
1.0 [ P
[}
15 =

Step

Fig. 4 The iterative process of the CM algorithm for Example 3 used by
Neal and Hinton [4].

B 3 WE AT EM SYRUSSOIE B B 5], RUAAEAE H(P||Po)”% /NER
LR BE B S Q Wi/ INIE . 7EH 2 H, Q 7E2E /™ Left-step a B E-step &
ANy TIAER) 3 Fh, QTEUFJLA Left-step-b i/,  BI#EFE Left-step b H A M-
step, HANBELRIIE Q HE X FMBISR B 38 K — 2.

RN Left-step b HAHE P(Y), HitHSLEk NAZ I MM 575/ E-step Z
A% BTLL, CM HIEFRZ RIS MM RE AT 75 ZL N T i —. .
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5 ZwAvtie

WATH EM BEiET ) O BEOT DAER AR A f MBS 28 SO, AT EM
FLVRSCSAOIE B 2 A T W46 ) QT ERXTHSLMW 0%, wLIN: 1)Q HBEAY
uﬁfﬁiqﬁ“ﬁz 2)E-step R 0. 5 AR IEIFHE G T 58— M
s BT —BEEAY AL EM BIEA 5 20 7RG P(Y)RIR%EE, BT A
zﬁﬂl&cﬁﬁzx&. ASCRNFE SUE BT RS 3 — Rl R VL ——(F 18T
Bekiyk, Rl CM Bk, BEERE, AR R AR HXH=R(G)-G. AT
FERGIEE] CM B35 $——H Shannon F1J5 3k % SR #7135 5.2 06 B ok BUH 31
FRIAR 43 5 1R FIEAR T ¥
SEFRIERE TR CM FIETERZHUE0 ISR, B FHA5
A B S H RSB0 _ BT P AN ). IS, AT Jordna[2013ERH T EM Sk
TEFRERL > A A K E A WG O A B 1 U SR, e H A5 2 1B
TAR, XA ATE 1, RN E A /DI BT S0 A 0 HXX V),
FHN (AR O* oK, AW K O #ft T LISk,

ﬁﬁ%‘E%?‘i&ﬂ?ﬁ#{tnn@%é AANCEH R, (HR#E A HRE L EER
BN EAS S R(G)BREEN R(D)RELT]— /\Mﬂ%ﬁmx, HEEMRN %G
iﬁ%%%%& VR B ALY i) R 2 B K TN JE SR (R e 4 1l
XA AR Z I f@%ﬁ%ﬂn*ﬂ%ﬂﬁiﬂwéﬁiﬁ%ﬁ%ﬁﬁ@J. fZIET
o SR v DUFH T AN o] L Seqg) 43 2R CF BB 5% 2D [2 1) 2 hR 2853 2K[22]. ‘BAE
B RIFEA ANF(TE Left-step 7] fg i KALTE XAE B BUALSRE). T LATIH,
518 VL AL FRA 7E 5 AP T 1) 2 5] A B 3R I

Bt 1. Af/ME R-G AL P(YIX)FD P(Y)

N P(YX), %

oF 0 Py, 1)
P(x,)P 1
G, 17 Ay ) 2 P Ptee T "
22 PO)P(y, | x)log (P(' [P, 1%} =0
TR
P(xi)[1+logp(yj |x,.)]—P(xl.)log[P(xl. |ej)/P(xt)]_:uz =0 @)
log[P(y; | x,)/ P(y))]=log[P(x, 10,)/ P(x)]+(4,-1) / P(x,)
2 log(1/h)y=(ui-)/P(x)), THA
P(y;1x)=P(y)P(x,10,)/ 4,i=12,...n; j=12 (3)
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KA F X P(ylx) B B S50k T 0, A B Bt 100G 1) -10xG0) ik 1
AN XN P(Y )R VA— 11, BT DAL P(Y|X) 52

ﬂ:

P¥(y,1%)=P(y))P(x,10,)/ D P(y)P(x,16,), i=1.2....0m; j=12 (4)
k

NT AL P(Y), &

=)
s

oF P(y,
oP(y;) ~oP(y )[ZZ PEPOy llee =, 5 P(yj) o ZP( )1=06)
=~ PO)P(y, %)/ P(y) +a =0 ©)
1
P(y;) ZEZP(X,)P(,V,» |x,) (7)

A F X POy B —Brim FHOKT 0, FrbA B8 100G D) -1(XG0)iE N XX
RNY P*y)=1, Frbho=1. Kk, ALK P(Y)2

PH(y;) = 2 PG)P(y, [ %), =12 ®)

QED.
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Problems with the EM Algorithm and the Way

Out

Abstract To solve a mixture model, we need to maximize likelihood or
minimize relative entropy between predictive distribution and sample
distribution. The popular convergence proof of the EM (Expectation-
Maximization) algorithm uses two conclusions: 1) We may achieve the
maximum likelihood by increasing Q (a negative cross entropy) continuously; 2)
0 is non-decreasing in every E-step. However, some counterexamples prove that
the both conclusions are wrong and that the second error covers up the first error.
The EM algorithm often meets with convergent difficulties because component
mixture ratios do not match the sampling distribution. An improved algorithm—
—Channel Matching (CM) algorithm——may raise the convergent validity of
mixture models. It is proved that the minimum of the relative entropy is equal to
the minimum of Shannon’s mutual information R minus semantic mutual
information (or average log(normalized likelihood)) G. Increasing G and
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decreasing R repeatedly can minimize the relative entropy. The convergence of
the CM algorithm can be strictly proved by the variational method and iterative
method that Shannon and others use to analyze rate distortion function. Using
predictive information and cross entropy as analytical tools, we can understand
distinctions and relationships between CM, EM, and MM algorithms better. The
CM algorithm can be used not only for mixture models (non-supervised
learning), but also for semi-supervised learning and multi-label learning.

Key words: EM algorithm; CM algorithm; mixture models; Shannon channel;
semantic channel; rate distortion function; Shannon’s mutual information;
predictive mutual information
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