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odef calcEM(height):

N = len(height)
O e gp = 9.5 #girl probability

bp = ©.5 #boy probability

gmu,gsigma = min(height),1 ##%. E£Z= W=/ E
bmu,bsigma = max(height),1

o 11801501692 1.0 217 geamma, = range(N)

bgamma = range(N)

cur = [gp, bp, gmu, gsigma, bmu, bsigma]

now = []

0.05

Height For Person

Fact: 41 =180.00, 01 =T7.00, 2 = 160.00, 52 =5.00

times = @
while times < 10@:
i=20
for x in height:
ggamma[i] = gp * gauss(x, gmu, gsigma)
bgamma[i] = bp * gauss(x, bmu, bsigma)
s = ggamma[i] + bgamma[i]
ggamma[i] /= s
bgamma[i] /= s

i+=1
160 170 180
Height
e Height For Person . . gn = sum(ggamma)
gp = float(gn) / float(n)
Fact: ul =180.00, o1 =8.00, 42 =165.00; 02 =8.00 bn = sum(bgamma)

0.035

bp = float(bn) / float(N)

gmu = averageWeight(height, ggamma, gn)

gsigma = varianceWeight(height, ggamma, gmu, gn)
bmu = averageWeight (height, bgamma, bn)

bsigma = varianceWeight(height, bgamma, bmu, bn)

0.030

0.025

now = [gp, bp,gmu,gsigma,bmu,bsigma]
if issame(cur, now):
break
cur = now
print "Times:\t", times
print "Girl mean/gsigma:\t", gmu,gsigma
print "Boy mean/bsigma:\t", bmu,bsigma
print "Boy/Girl:\t", bn, gn, bn+gn

0.020

Probability

0.015

0.010

0.005 -

print "\n\n"
: : : times += 1
000935 170 180 ] return now

Height
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Repeat until convergence {

(E-step) For each i, set
Qi(z(i)) — p(z(ﬂ‘.ﬁ'_’:(i); 0).
(M-step) Set

p(z®, 20 9)
0 := arg max Z Z Qi(z log 0102

n]
=2

B
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Hir
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Remark. If we define

1 3;( 20 - 6)
ZZQ ())log (z)) )

2(%)

the we know ¢(0) > J(Q,0) from our previous derivation. The EM can also
be viewed a coordinate ascent on ./, in which the E-step maximizes it with
respect to (7, and the M-step maximizes it with respect to 6.
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EMBYHSTSE

Expectation—maximization works to improve Q(Glﬂ(t)) rather than directly improving 10gp(X|9). Here is shown

that improvements to the former imply improvements to the latter.
For any Z with non-zero probability p(Z|X,8), we can write
log p(X|6) = logp(X,Z|0) — logp(Z|X, 6).

We take the expectation over possible values of the unknown data Z under the current parameter estimate 6®)
by multiplying both sides by p(Z|X,9(t)) and summing (or integrating) over Z. The left—hand side is the

expectation of a constant, so we get:
logp(X|0) = > p(Z|X,0") log p(X, Z|6) — Y p(Z|X,6%)logp(Z|X, 6)
Z Z

= Q(0)6") + H(B]6Y),

where H(9|9m) is defined by the negated sum it is replacing. This last equation holds for any value of @
including @ = B(t),

logp(X|6") = Q(6"16") + H(6"|6)),

and subtracting this last equation from the previous equation gives
logp(X|0) — logp(X|6") = Q(6]6") — Q(6|6") + H(6]6") — H(6")6Y),

However, Gibbs inequality tells us that H(Q]8®Y) > H(8|8")), so we can conclude that
log p(X|6) — log p(X|6") > Q(6]6") — Q(8“[8").

In words, choosing @ to improve Q(8|9(‘*)) bevond Q(G(t)w(”) can not cause logp(X|@) to decrease below
logp(X|9“)), and so the marginal likelihood of the data is non-decreasing.
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M-step

# 500 oA Ao G Mo~ G 5PN

T

p(z?,29; ¢, pu, %)
Z Z Qi(z log 0.z

1=1 (i)
_ Z Z 0.2 = ) log p(z®]z = j; u, D)p(z® = j; ¢)
i=1 j=1 Q(z(t} :j)
_ Z Zwm log e e (=3 (2 — )5 (20 — ) - ¢
i=1 j=1 w}z)
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EJ em3.py X |

odef calcEM(height):

N = len(height)
O e gp = 9.5 #girl probability

bp = ©.5 #boy probability

gmu,gsigma = min(height),1 ##%. E£Z= W=/ E
Fact: 11 =180.00, 01 =T7.00, 2= 160.00, 32 =500 bmu ] ,b,,.S,,\,i,./g,mMaw = max ( h Elght ) »1

e =TT 1692 200, 2477 ggamma, = range(N)

bgamma = range(N)

cur = [gp, bp, gmu, gsigma, bmu, bsigma]

now = []

Height For Person

0.05

times = @
while times < 10@:
i=20
for x in height:
ggamma[i] = gp * gauss(x, gmu, gsigma)
bgamma[i] = bp * gauss(x, bmu, bsigma)
s = ggamma[i] + bgamma[i]
ggamma[i] /= s
bgamma[i] /= s

i+4=1
160 170
Height
e Height For Person . . gn = sum(ggamma)
gp = float(gn) / float(n)
Fact: ul =180.00, o1 =8.00, 42 =165.00; 02 =8.00 bn = sum(bgamma)

0.035

bp = float(bn) / float(N)

gmu = averageWeight(height, ggamma, gn)

gsigma = varianceWeight(height, ggamma, gmu, gn)
bmu = averageWeight (height, bgamma, bn)

bsigma = varianceWeight(height, bgamma, bmu, bn)

0.030

0.025

now = [gp, bp,gmu,gsigma,bmu,bsigma]
if issame(cur, now):
break
cur = now
print "Times:\t", times
print "Girl mean/gsigma:\t", gmu,gsigma
print "Boy mean/bsigma:\t", bmu,bsigma
print "Boy/Girl:\t", bn, gn, bn+gn

0.020

Probability

0.015

0.010

0.005 -

print "\n\n"
: : : times += 1
000935 170 180 ] return now

Height
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odef composite(band, parameter):
cl = parameter[@]

mul = parameter[2]

sigmal = parameter[3]

c2 = parameter[1]

mu2 = parameter[4]

sigma2 = parameter[5]

p1 = []

p2 = []

for pixel in band:
pl.append(cl * gauss(pixel, mul, sigmal))
p2.append(c2 * gauss(pixel, mu2, sigma2))

scale(pl) # /=L

] i Scaep2)
I EE==C o = return [p1, p2]
0| N
E i EE ! if name == "_main__ ":
i D R T im = Image.open( ' .\\Pic\\test.bmp")
an ! print im.format, im.size, im.mode
LPicture.bmp | 2.Red Channel.bmp
im = im.split()[@]
T nb = [] it (o B = 1 3 1
data = list(im.getdata())

parameter = GMM(data)
t = composite(data, parameter)

EEREE

e iml = Image.new('L", im.size)

back.bmp fore.bmp
iml.putdata(t[e])
B SR T S S 41/58 &%=



Bt: pLSAtEZHY
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d; d; (W; | zk)
pLSA1‘;+E'<ii2 p(di) 5 p(zx | di) - p(w Z;@

DR A XA, ZRA2HM(RE£5]), WRAEA;
B P(d) & F XA5d, ¢ & A E,

B P(z|d)& 7 x44d F 2 27 ¢ & A,

B P(wjz) & F% 2 M7 & IEEW, 6948 F
H#NEMAAAEALBANS T 2H, AL A
Fr A £ A8 L ARAN % 3R A o

EANXAE 6 4 A 242 R X A6

B UP(d) & b ¢ x45d.

B UP(z|d) st ¢ £887,;

B UP(w|z) g F ~ A —ADNEEW o

n]
=2

N
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d; d; (Wil zx)
pLSA*:E'éi! p(di) 5 p(zx | di) - p(w Z;@

R 28 A (W), Mz ABAEE
P(di’wj): P(Wj |di)P(di)

K

P(Wj |di)=ZP(Wj |Zk)P(Zk |di)

k=1
& P(w |z, )Pz |d)st & T @4 3R o6, &
HAENXHGEAoF, A2z GHE
% 8 4% o

nnnnnnnnnnnn

BB AT S E T E 44/58 mlllé%—'?ff's



SRR w7Ed S BE R % n(dw)

N M

L= TP, w)=TTITP(, w )
=Y n(d;, w, )iog P(d,, w;) )P 6P

- Y3l w og Pl 14 (@) ITETI

:Zilzj:n(di,wj)log( P(Wj | zk)P(zk |di)jP(di)
Plw, 12,2, 14)P(d,)

=ZZjln(an,-)|09£
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£ 17 & & | :ZZn(di,wj)log(zK: P(wj |zk)P(zk |di)P(di)]
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1% Bl & k&G Dk
B mzP(z]d). Pwlz)&4, XBREE T2, 6 5%ME,;
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KBR2LEEEDz N ERHTER

=2 P(z|d). P(Wlz)e 4%, K& EE24
/5 o

P(z, |d;,w, )=

P(w, |z )P(z, | d;)

ilP(w, 2, )P(z |d,)

a(d,w z) 84k @aRT, K£T 5%
P(zkld) P(Wilz,) & 42 4 & .41 2 éﬁjﬁik{ﬁ
1% 7| & A RP(2,]d,). P(wjlz,), #~t—%
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(Tl

X TFSHP(z,|d)P(wiz,) HIELIA R 2 HAS

| =ZZn(di,wj)log P(d,,w,)
_ sz:n(di,wj )Iog(P(Wj | di)P(di))
= Zzn(di,wj Jlog P(w, |d,)+log P(d,))

_ [sz:n(di,wj Jlog P(w, | di)}(zzn(di,wj Jlog P(di)J

| = [Z;n(di,wj Jlog P(w, | di)J
E(,,,)= Zzn(di,wj )kZ:‘ P(z, |d;,w, )log P(w;, 7, |d;)

K

=> > nld;.w, ); P(z, d,,w, )log P(w, | z, )P(z, | d,)

o
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Lagrange & £ #
Lag = ZZ n(d,,w, )} Pz, |d,,w, )log P(w, | z, )P(z, |d,)

+ZK1:fk[1 P(\tvjl|zk)) Z (1 kZK;,P zk|dj
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:iZn(di,wj)P(zk |d,,w, )=
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)
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)

mNTl i m=1
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m=1 i
M
AL EELS >Zn(di,wj)P(zk |di,Wj):ZZn(di’Wj)P(zk |di’Wj)D(WJ' 12.)
n m=1 i

= P(Wj | Zk): Zi:n(di,wj)P(zk |di1Wj)

> Yonld, w Ple. 10w

m=1 i

n]
=2

N
syl
Hir

BEXMFT AT LS ETnE 52/58



B

SHE-NER

2l

KA ot €9 E——M-Step.

| Zn(di’wj )P(Zk |di,Wj)
P(WJ | Zk): M :
;Zn(di’wj)la(zk |di’Wj)

Z (di’WJ)P(Zk |di,Wj)
ZK:ZJ:n(di’WJ)P(Zk |di,Wj)

k=1

P(z,]d;)=

P(W | Z,

;F;r T E'Stept P(Zk |di’Wj)

(z1d,)

> P(w|

=1

P(

Pz

(z 1d;)

BEXMFT AT LS ETnE 53/58

nnnnnnnnnnnn



PLSARY B 45

PLSAE A FE A4 %, dik. A#BETLA
32 5 43k, PLSAK & %44 oA Fo £ 8 07,
1 AEMY ot £ % g A %
EHMF% I AL, EREANKT & FH,
R AR, ERACKE,; s, #F
A2 A TEMA ok, &2 S JEMEL 20T
2 Mo

BEXMFT AT LS ETnE 54/58



pLSA—5 B 2

taztF “HET @R NtHRL, TH4EE
@7 "z XA RaB MGl AN

E—~RHEGHEA? o o
PLSAR & & £.3015 8.00 T 2 A& .*H,

f1 F 9] E AR 4o
FhEHRZGEKT, E2A4
¥orKa2 €] %) 9@ .7

2. LDA# A,

B = 24 0ot 44 (B )>(%) ,..

] '% 248 ﬁ #5 ke[1,K] ne[1,N,,]

me[1,M)]

BB AL SIS 55/58 m ]clhlina a

= M
g 4
Hir

p.cn



222 3 HR

Prof. Andrew Ng. Machine Learning. Stanford
University

https://en.wikipedia.org/wiki/Expectation—
maximization_algorithm
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