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1 IEig: EM EEANEESRIE

1.1 EM BEZpERE

EM FIE B H bR, SRS A AR 2 R LR s 2k, N1 2 & B S5 b1t
M X XM RIS, Z ZoxWA SRS 5 R e E (N, 3OO0k 5 A~ 7
), T @S LR AR IEAT EM Bk

o fEE 5, WS HMYIMER 6°9, Bt Xt Z KI5 550 A1 K H1EE, 15 B8R o 5

Q (6,6°) Zlnp (X,210)-p(Z]X,0);
o 7£ M 22, i1 f KA LR R 4L, ﬁiﬂ%ﬁﬁ%&
0"V = arg max Q (0, 9°ld) :

WL EPEABHEAR, EE ||emeY — 69| Feah, s Is HIRE R K, BRI B HA T 6.
WHEEGL R, AT IE, ik v(2) = p(Z]X,6°9), £r Z EESH 6° FHIEI . HidE
Bayes A1, A oAt E A

1(2) =p(2]X,6°) =

) (Z 16°)
Z|001d

p(X

2 p(X

Z

p (2|6°7) % Z 5K 070 F ISR .

1.2 EM BEZEmRE
EM B335 B LS B 77 0k S0 0 1 A5 AL SR ik, 3 B e DA A A0 00 804 £ D428 o 4
L(6). % R INBE 1Bl ok £
L(6) =Inp(X|0) =In > p(X,Z|0).
N T £(0) —AFAL BIN Z E@~4\ﬁfﬁ‘éﬂ%z\%ﬁ@‘& q(Z), I Jensen AN 313
L£(8) = lnz % q(2)

p(X, Z16)
22 02) =

Z )-lnp(X, Z|0) — Zq YIng(Z
z

zZ



F(q,0)=> q(Z)-p(X,Z|0)-> ¢(Z)lng(Z),

WA 6 > F(q,0) MAERRI 0 g BOL. F) F(q, 0) VB EHEE. EM H%52hr L
« (£ E D, HKE
¢"" = argmax F (q,0°%);
q

o £ M 5, 3
0" = arg mgaxf (¢"™,0).
W LT, SRATHIE — A F (@, 0°%) > F (¢4, 6°%), IR, 3T AR T 5.
FTLUIERA £ (6°Y) > £ (0°). AWrikAT %R, Rl s KA R R L £(6).
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(4) T B IETH AL IR,
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2.2 IEipEAH
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2.2.2 EM BZERIERAR

Wwy, w9, -+, 2, AU P EE T IETE R RS, IHS 5091 = (099, 099, 794, 7o),
MFEL EHEMN X =2, F, Z ME%5 A
Vi (A Hold) — (90Ald)xl ) (1 B e?ﬁxld)mixi ’ ﬂ—?{ld
o (659)7 - (1= 09)™ 7w 4 (05) - (1 - 0g)™

(3)" - (L= )"

i (B’OOId) = (pold) i old) "% 1d 1d % 1d) ™M 1d’
(04)7 - (1= 029)" ™ -t 4 (059) " - (1= 059)" - 7
HAZHHIE A
Z T /-}/1(147 001d> Z T 'Yz(B, 001d)
gnev — l . 1<i<n gnew l ) 1<i<n
! n Z vi(A, 6°9) P n Z vi(B,0°9) ’
1<i<n 1<i<n

1 1
ﬂ_iew _ E . Z o (A, 001d) 7 ,/T%ew _ ﬁ . Z o B,HOld) .

1<i<n 1<i<n
23 HESER
231 ERMHBEAEK

A AR I, BT & HEAT n = 10 YOl ORI A AE Mk E m = 10, JF
BERE M A IR _E RS2 0.3, il B LT L AOHER A 0.6, SEEXEIAEE M A IR 0.6,
B REE T B FIMEARGE 0.4, A MBI AE 3R 207, /7 f#fEdata_1_1.mat .

= 2: B

N \ 1 2 3 4 5 6 7 8 9 10
f@mh B B AABAAU BB A
FEX# |7 6 3 3 7 2 2 7 6 3

T4k, B FEREAT n = 1000 Kik5E, A2 AR A7 if fEdata_1_2.mat H.

23.2 EM EEHLER

W32, hEldata_1_1.mat FIEHE, 3 EM 5ok, 1FEER 0, = 0.2774, 05 = 0.6392,
4 = 04953, 75 = 0.5047. FXfdata_1_2.mat FHIEIEATIHE, 83 6, = 0.3082,
Op = 0.6146, 74 = 0.5959, O = 0.4041.



233 SERWE RS

HAENFMN

TEHEATRU, RIUG TSR 04, O, 74, 75 MISHIN S Z BB, RN, 34T
H Rl — AN AR AN R A, A R DL RS 2 A 25 R 2 8] R Z 5 thBOR. R R BUR 44
MZH 04 = 0.3, 05 = 0.6, 74 = 0.6, mp = 0.4, HEFATHIL, FRBELLIEAT 10 A5,
UORIS AL T 10 K, 7530 Sl T 0 gk 3.

" 3: FECBAEAT 10 Rikse, BRI 45 R

D 1 2 3 4 5

64 | 03342 04109 04319 04400 0.2644
0p | 0.5372 0.6609 0.5782 0.4400 0.7058
74 | 05280 0.7635 0.6030 0.5245 0.8286
75 | 04720 0.2365 0.3970 0.4755 0.1714

TERF U, #H 04 < Op, 7a > 7, (BRZEAARE K. FI H BRI 451, A
WIS R EOR D A UNREEAT 1000 URikSs, [FIFE R EE M 10 WX, 4R Wk 497K,

7 4 TIBAUEAT 1000 YOS, = RLLR 45 R

EEDN 1 2 3 4 5

64 |02962 02961 03303 02772 0.3087
0 | 0.6151 0.6191 0.6228 0.5794 0.5984
74 | 0.6209 0.6418 0.7045 0.5563 0.5709
75 | 03791 0.3582 0.2955 0.4437 0.4291

FER BRI RE MG, 04 ~ 03,05 ~ 0.6, 74 ~ 0.6, 7 ~ 0.4, X KA Tk
HUKREA BB 0K, A BT A 5 th 45 R A,
VBRI

TEERIIT 46, BN TR BYMEBE SR B LS HUE. %X data_1_2.mat K%
HEAT AOB, (ERTE X BB SOWIE, AGEE EM S i 2 75 28] b i i 45 52



® 5 BUSHUNYIME, BN Z5

0 H¥E =~ ¥ME 0 7

(0.3,0.6) (0.6,0.4) | (0.3082,0.6146) (0.5959,0.4041)
(0.3,0.6) (0.9,0.1) | (0.3082,0.6146) (0.5959,0.4041)
(0.3,0.6) (0.1,0.9) | (0.3082,0.6146) (0.5959,0.4041)
(0.1,0.9) (0.6,0.4) | (0.3082,0.6146) (0.5959,0.4041)
(0.9,0.1) (0.6,0.4) | (0.6146,0.3082) (0.4041,0.5959)

MRIEA USRI, WER P4 WHME AL 04 < O, MATHR G RA A KKK,
SR, A12R 04 > O, BJEAGTH RIS BOR MR Je i 45 R S ). X2 04 HhoE 78T
A, T O L€ 7RET B, WERPINZHcH TALE, AT DYONRE “U08” AEM A
ST B, ML B HIGRMEM A, X207 Al ORI SO AR 1) 2 B0 .
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HAZHRIE A

new 1<i<n new\ 2 1 - 2 new 2
= ) g = - T, — )
e, Z Ny (k, 0°ld) (%) n ;:1 (™)
1<i<n

LA K

3.3 HESR
331 HIERERK SRR
EEDEE

A AR IEARE I, AT B FEREA R n = 300, £ — N IESEAEN N (=5,1), 3 =D IESE
R N(0,1), B=AESESMA N(5,1), KE =AIESBARFIMER 5358 0.2, 0.3 F10.5.
A AR W E 1R, 2 59 MR E B — N IES SR, F 93 SR EE A IES B,
H 148 MREA B =AIES LK. BHRAAMEE L Fdata_2 . mat .
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30
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10

0

1: B

HIHIE

U SRk B A i S B AR, A2 — et GERKE), Bidi&
123, = MARIIIME S 51 5.006, 5.936 Fi1 6.588, J5 24> 7124 0.3489, 0.5110 1 0.6295. IHi
HEG I EE 28T, KIKZA ] LA =N IES A B, B R A5 iris . mat .
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2: 150 S ANFIRALI & BAE I 7 K

3.3.2 EM EEMIZER

EEDbET

Xfdata_2.mat MH EM &%, 214 2 AR, 1HHEAFE] o = (—4.9320,0.1451, 4.9858),
— (0.9370, 0.9338,0.9315), 7 = (0.1903, 0.3161,0.4936).
SCHHE

T iris. mat N EM H ik, &3 2 UOER, THEARE] fo = (4.9073,5.8534, 6.6184),
& = (0.2836,0.5198,0.6523), 7 = (0.2596, 0.4326,0.3079).
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333 FERHVERD

IERH I NaN BYJR F

BRI T B T3S 70 A1 1 55 52 R N, A8 Y PR 8 normpd £ (x, mu, sigma). ZATW, 7E
AT AR PR I i AT, %of T FE LA S0 B, i L 0 2 s R e NaN. 38 0 B OEAR IR 45 S
AT A R, T IS AR 7 Z /] e/, FERE P TS0 4 24 1 0, T IE &S 70 AT B 5 A
BEN 0, 1IXH 2 F M normpdf (x, mu, sigma) = NaN.

AT ERZIAEE, BT RS T REifixednormpdf (x, mu, sigma). qIEZSARM

JiZEFRor/N (BN, 721X BN 0.0001 I, 485 20 mua 19 5070 A R RE R 5 R ek B
TR0 FINE 2% BE e 4. X R, BUAT LAMZ IEnormpdf (x, mu, sigma) FiA) .

W BEWEXS S AEE B K

N

1T

function p = fixednormpdf (x, mu, sigma)



if sigma < 0.0001

if x == mu
p =1
else
p =0
end
else
p = normpdf (x, mu, sigma);

end

end

AL, FIEIMEAAE, TR v B 0, 12 45 5 H BINaN. X5k 75 ZHRA 1E I
HIERIVIA.
BEERINNER S

EIX BE AR n = 300, =N ER LA N N(-5,1),N(0,1) FIN(5,1), KE =

2 7 HE R4S

BN f o 7

1 | (—4.8651,0.0160,5.0255)

2
3
4
5

(—5.1248, —0.0030,4.9971)
(—5.2781, —0.0432, 5.0064)
(—4.9777,0.1144, 5.0673)
(—5.2118, —0.0812, 5.1286)

(1.0869,0.8971,1.0337)
(0.9847,0.9134,1.0851)
(1.0731,0.7807,1.0363)
(0.9857,1.0912,0.9758)
(0.8073,1.0113,0.8991)

(0.2628,0.2604, 0.4768)
(0.1773,0.2872,0.5355)
(0.1667,0.2934, 0.5399)
(0.1787,0.3272,0.4941)
(0.1572,0.3265,0.5163)

RIEERKEI, o ~ (—0.5,0,0.5), 6 ~ (1,1,1), & = (0.2,0.3,0.5), X 5K S H 2
U, XS TR I R

334 ETEMEZXMNSEL DL

£ B LAl b, FATR S RBAC MR K, RS BAE#EAT 702K, & oG, mRIEAL TP
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B2 TR

(11 JAEHE w5 5] M) bt TEH RS 1 R, 2016.
(21 . geat 5 3] 75 ik M. dbat: TR i, 2012.

B %

A 18R

RILfEF MATLAB 5, fififffcode_1.m Y, Hdata_1_1.mat. data_1_2.mat [{H

hh A %E

clc;
clear;

close;
AR &

% load data_1_1.mat; % 3 MK FE1

% load data_1_2.mat; % i B % #2

1000; % KB KK

m=10; % BRABLMRE T W RHK

theta0 = [0.3; 0.6]; % B M E @& #H L oy Bt £

pio = [0.6; 0.41; % #WE H AN E T oy #f £

¢ = randsrc(1, n, [1 : 2; pi0°]); % 1K ~% WA, 2% ~# TB
x = binornd(m, thetaO(c))’; % 4 ik % #l 4 &

[=]
]

%% EM&E &

theta = [0.3; 0.6];
pi = [0.6; 0.4];
gamma = zeros (2, n);

for i =1 : 200



gamma (k, :) = binopdf(x, m, theta(k)) .x pi(k) ./ (binopdf (x,
m, theta(l)) .* pi(1l) + binopdf(x, m, theta(2)) .* pi(2));

end
theta = sum(x .* gamma, 2) ./ (m * sum(gamma, 2));
pi = sum(gamma, 2) ./ sum(sum(gamma)) ;

end

WhomoH £ R

theta

1 2 BUACRY

RILfEH MATLAB %% '5, fifififEcode_2.m ', Hdata_2.mat. iris.mat [A] H k.

b

clc;

¥

clear;

close;

h AR

% load data_2.mat; % iz B Wl ¥ 1E
% load iris.mat; % 3 B E £ % E

n =

mu0

300; % MEAE
= [-5; 0; 5]; % EXRRMKWHE

sigma0 = [1; 1; 1]; % EARAKWM T £

pio
c =

x =

= [0.2; 0.3; 0.5]; % RELTEHESREKHOEE
randsrc (1, n, [1 : 3; pi0’]); % kK E FFEIEA o &
normrnd (mu0(c), sigmaO(c))’; % 4 & # 1l & 4

%% EMHE &

[-5; 0; 51; % [5.006; 5.936; 6.588];

il



sigma = [1; 1; 1]; % [0.3489; 0.5110; 0.6295];
pi = [0.2; 0.3; 0.5]; % [1/3; 1/3; 1/3];

gamma = zeros (3, n);
for i =1 : 100
gamma = pi .* fixednormpdf (x, mu, sigma) ./ sum(pi .* fixednormpdf

(x, mu, sigma));

mu = sum(x .* gamma, 2) ./ sum(gamma, 2);
sigma = sqrt(sum((x - mu).~2 .* gamma, 2) ./ sum(gamma, 2));
pi = sum(gamma, 2) ./ sum(sum(gamma)) ;

end

hhodH &R

mu

sigma

o2 H B &

xspace = min(x) : 0.1 : max(x);

plot (xspace, normpdf (xspace, mu(l), sigma(1l)), xspace, normpdf (xspace,
mu(2), sigma(2)), xspace, normpdf (xspace, mu(3), sigma(3)), °?
LineWidth’, 1.5);

xlim ([min(x) max(x)]);

legend (P EX K tk1’, "EA K K2, "EA K K3);

grid on;

il
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