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Improved Automatic Lipreading by Multiobjective Optimization of
Hidden Markov Models

Jong-Seok Lee'

- Cheol Hoon Park™

ABSTRACT

This paper proposes a new multiobjective optimization method for discriminative training of hidden Markov models (HMMs) used as
the recognizer for automatic lipreading. While the conventional Baum-Welch algorithm for training HMMs aims at maximizing the
probability of the data of a class from the corresponding HMM, we define a new training criterion composed of two minimization

objectives and develop a global optimization method of the criterion based on simulated annealing. The result of a speaker-dependent
recognition experiment shows that the proposed method improves performance by the relative error reduction rate of about 8% in

comparison to the Baum-Welch algorithm.

Key Words : Automatic Lipreading, Multiobjective Optimization, Discriminative Training, Simulated Annealing

.M B

A% B¢ gae 44 $4YL BRI 24 9
Hake A%l $49 AZH ZHe Aol AHHe
S4AAAN BEAY AR F8a AT F e
53 gl EAtE AA 94 BANA AT 4L
Fase dol £go] Wri12 2a Ang olgd 7|
Eo) £HANE Fgol Yt BAAAE 4P B A5
& wolAw, Fgol A AS A4 Aol A A3t
He wiel ik Bee Aol g BHA 2oy 4
BE o §% 24NN Wal Aol thh WA &

® 2 Q7 20079 $338169 BR2L ARI1&AITe Slael A A
2.
P43 d:aaseled Adaany dragy
g 8 9 agAR e ARANAY g
R 2007d 7€ 199, AAEE 20073 9€ 17

nle_,

<= 370 1
AHg-d

43043 ”P&ﬂxlfé
hidden Markov model)e] o]

Ulo
oX

Shins

o 2
LY
AHE
e
52d938t7] A {3t
AHEEH7] SlElM = WA V)
TH 328 SAJLE g3
. AS7HA HMM9| 8ol 7H &
W2 Baum-Welch &) FoltH3], o] &
glolge] o3t -‘%E(hkehhood o s}sh=
2 232 39 HMMS
HEHo R AAFORHN FFS FYPT ML
o 91?& gevg g Y2 2 FES QT e 9

B4 FAE 7 292 doge g8 2¥E F

rir &

ol
ol

i

DOI: 10.3745/KIPSTB.2008.15-B.1.53



54 FEXe|s=2X B M15-BH H1x=(2008.2)

Aew dZstud e Aoz ¥ & v WY Fold  HE 4T & dE Aol Yok APS Fa A
doEe] $EE HMMOZ A8sl Rd3¥ 9 8 7]¥ol Baum-Welch 23e)% % 7129 2984 7ol
& HolEsl 93 Foldtw MLE BEEZ a: #5E  va 2 94 452 YHue oy,

Fal 249 A4 4% s

3 S dg 4 ok 2y AR ofst =R THL TeH 2o 0L FAME A% =
& HolHE #3s,

i 49 A7 £ AFAsY B3 & A]*E%ﬂ s AEeh 3o M= AotslE HMME
o digt 2 4o] AsA o} HMMel ols) 2 REZ A g A% HAG 7F 9243 JHsE 9
et BdysA] £ F= Q7] g ML d5ol o3 G E, 13] gdd JF T A4S 53 94712
AeE A A7y sl PR £ = A4l TAsE A 2F HAFE A9 4F0ME A¥da
ML#= @8 HMMS Q14 458 Eole 28 g & £ Ho|1 5N HBZ =L Py
%2 8te %<5 (discriminative training) 7S] Aok
g vk gitH56] ML FAdA+ syl HMME] 8ol 2 AE E2
A 229 dolgwre ol gk ww, Buss M -
Me & 94 H5s 47 s g Fex B o 5 5
y ¢ DA A Fs ¥ ooh e sve god ge Bgez aRen. St
0 Sd29 dolgE 3 ol &t FHEEE YA g &9 HgosieEls S8 siate] dse AL 7]
N “ - Y e - =81 % —re = [e) H Ta=
%—B_T‘Sl- Z‘l”\"c_’.— ?_l};} }‘5]6‘% 5(‘)]:%/\]%_} T 9»117 g}% ‘E‘y‘ = /E‘Jj 235 ZOIALS. 0’1.‘—_‘_]:}. 7IEQ 01*]-0“/& ARG EXO =
A 2RSS A3 HAH3} 7|HS dEe Aot 7E R ete dhE et SIMRS ehe TR 50w X
ettt Tovm T v e AN UL 1N 3 olg AR strd Q47]d SRz A4 A3
o gEAHQ] 2dEIdEF /YR HAEFLFMCE 2 gy
minimum  classification  error) 7]%[5]34 3]‘;”}6}»3—;@5’— ‘7_}_ 03%01]/\1 _7[:%5},\__‘_ Ez 0 01%9] ﬁ-mk]oi-‘?—ﬂ o)
. . ) —— L (e I s < | = — T
(MMI: maximum mutual information) 7I®[6]& & & 9 o WA (29 Dol Bl Az po] SBMAe] 1479
o MCE 7IANE 20488 2ASE SAUTE B g0 ary o wEe del "y Ang a8 A5
o9& guwg® 54 HANgeneralized probabilistic 2 2238 4 gl EAS A7) 9§ < F ZHE o=
dosoert] %73}501] o8] 0|2 Hazas ﬂg-ﬁokgi — = TEE T R L HE v S WM T EmE AT
o BPuEE Baan A s ezl AR(qG)e=RdH AAd b0 © LL..LY &
= 978 . MMI H = === 2 = =0 o]l X 2
o Syl o chsadis e olg A% 181 o] Folgg Y& UMIE Yo A
ek HMMZ} 1 Sefj2o] &3k dlo]E Alo]e] JaAn b e i e o o
( . . AgEEE AL =g = T3E HFT EAS derh 4dF A9 A A 4 =
mutual information)7t HdZHE 3 SR . . . _ o
= " S o ol H|giAoelr] Wi F&F BFE AMEsE o] Q4o
Baum-Welch €253 FAFeE Jeje dagFel 93 o o
HVME St off wade el Aness gm0 S 14 54
NE 3 12719 AA Ex i C
2 S Baum-Welch QmglZd] ws) o 2 o 12A 73 12789 A d(static feature) ¥} T &0

oA AZF vl o7 A= F24 EA(dynamic feature)
AeoH3] ek ZF GAnit F 24399 EAWEE
o, WE FA3E Ea) 128709 FFol(code word)FE

)

ot oz FHA AW, d¢ FueFel BF A9 4
=2 2
= N

9
Yot g&atr] qio] 27150l wak A7)
] A

Ao

r
i
Ha
-3

dEs A 7 e 543
Alekslal o] sHEE F s
J(SA: simulated annealing) 7]®[7]
HA3 719 st HMM

A% dolE7t Fo4E o
88, & $E& AAlst

AYs Y. 22
< g

fru
-
=
L
:
| Mz
mlm m&
o
£ o
fel
rE
e
®
e
ofN
it
o ©
o o

il
o do oxr

<
oo
RV
o

W

?*é%ﬁ}. 3h it <] HMM
o=

o id
ot L
ol 1ok

2w oy

o
&
o, &

]

!
DRI (o}
>
X
rr

Kot =2 &
.
=

nj}
o
x mlo
lo
Job ol

,%J*L

2
£
fy
o zy LY
4 Mo
rir
N2
2

b R

W

ofy

N

o3

o oo 2o

N

o

10,
A
oX
olf

<
b}
rir
X n
of
-~

dlojiol of
daAE e
Agkahe o
dlojelol o

2y i
N
= B
e o
Kl

rl

iy

e
[

o
S
i)

2

Z HMMell disl a3 S
ER e
ERE T o] F
ASEZH o] EPE HMM«] B
A2 AZ" EolA=
A3 SAd 7k % A &
.ol dugEe Add 72E

i=}
AL gl 7|E £y WS 28 A9 HA (721 1) EX =52 93t ol 2M Alo| HAHX

LT =
2

rlo

@ o
R, T
oo 2,
sy
J}UF{FE
B e
w2
mlnl:%kié‘*%ﬂmy
oL rlo
Ly 2 o rlo
ioﬁ(rlrbﬁ
rlrg
pos
mlc>§
}g_%
rlm

T
2

1o

B !
2

o)

T
i

o
o



238 94 FHA A
o] o =4
Hol= HMM<

> rlr
&8 o P

et A A

25 HMM Mg 38l 1461 MLA E¥E 295
(log-likelihood) 2 Zth3}sls Ao 24,

ElogP O; )

Maximize f(X

2 FolAh 4714 Ot WA 229 jAA S b
oJHoli N;& °] F#29 f—’}% dlelg 9] Aot 4
o} —y‘:q_%o] 7]_7(]- ul—o]
o gaFe AF HRow AHgsle 21

EE %}_%7}’\12 - °“3}[3].

=

ox MU off [l =

a1 Aok gk A
fAolElel Gl

T’U_‘O]]/H’E I‘HV[N[E‘ 'E"‘ =

HMM Mo} 85 Z¥E

Minimize f,(\)= ElogP o; AY)

Minimize f,(\)=

o

=
i

g, w= F a"*ﬂ/\«} T
HolE e Foltt. AwAl ZHFSE f
®9 2ok o Hzg BAZ w3 A8 A &
35 =tk HMM9 2l E 919 SR o8 353

aga NE wdA FE29

o 4o s

2 37 FH2 doled i 2I1¢EE
g 2729 dolEd gg EJTEE ZaAE A
otk mehA, AXAel Fe ko] REHo] F4€ HMM

Jznz‘nﬂﬁi

@9l % REE A L o Al
gEo] olo] ti# e sz FolAA wom A §

T g Garel a7k 2R, olgh 2e BEAYE
95t BAGIA el & 27} Be o yE AMas
22 BA340 va] z7h yuoh G ga Hojw
shpel ZAPrd dAHE o7t o 2L AL ofvldc
o7ty AWM B3 yE o2 AWM 2L W T 8
= Az $guAs) goa @ 9RAEs A48 24
| 440 sl =Caret) % G, SHAE 4 Iy
oE ofm dol JNE AuEA e 4 @9 42
Rl g SHE AXAE Fohe WEE e A 2

2 HoME SA 7IHE o83 UEHFT HAAJE T
a Aetsle TS SE A 2F HAstee TS
Attt SAE Kirkpatrickell o8] #Alote 57 A3}
]‘ﬂoi’*] ekt FokellA WHAE= HA s ZAENA

EHE 7(1-7] 93k H‘-tﬂOiM«] AegAog _%5101%1;}
[7]. Z719 258 AFEA A2 e FEHoR AN}
of Hrieta, @A s MEL A AAS FH He
HHE (iteration)®] e AHse AL HEFOEZA F
A3LE Pt SAdA T8 FHTEH] 2R HES
HE AAste ARG o Y HA FAsted,
gFo] JYIFE 2EE ¥FE F5d #H'E 9 A
2 #7F FEEEE ) SAdAE A SR Y g
729 Ao|7} 0nTt £ FEE dojuy] wRe XY HH )
g Hojd & glu uepA A sFdeA g gl Jhset
t} SAY 54 F sy dugsd o3 7k 19 HA
2 FHgo] FIHoz FHH drk= Ao HH9)

B =T ARlete dagEe SAE o83t 4 (2)
2 FolAe tEAT HA3 EAdA FHE f¥ES
7] g Foln, SA9 o] e F WME FH S=94 F
Hol= w2 SA(fast SA)[10] 7]Hel 7]vtsicy,
= AAs7] Y8l =4 (Cauchy) EHEE LIS
At gad HAS 8 BRI g Bl st
E3E ARSI agla Agkshe dadsdME
A e &= P4 H8 AG A5 7IHE 3 AL
st} g F AAS AAL g 2

=
fitl
Ho M

o ol r|r it JN rlo
rfo

) PAY 2718 (¥} & FANZ PHsta 27) 2=
ARG sl &) ALE o4 HMMe sl
I, A% B @5¢ ¥d Fu= BE Rolth

Ao Aag {(M)zry Aze g {(\1)e

rBL ro, mlm



5 FENcISs=&2X B M15-B A 1=(2008.2)

3)

5)

BB %,
NP= P+ AN 3)

714 ki WStk pud el Wakd AN
£ ngos Fold: 34 FEREFS o9 ¥
87402 A48Tl

a, Tk:

AXp) =
SN = g+ 7

(4)

4714 T kWA BEdAY LE ne el
HMM stehvlge] A4, 89 A49), 293 q,2
Aie A% Arolh FuAFe 279 2wzt
oW A7l 2 %2 44 #8o] ol 9l Wsh
2 7bsAel Bobn et We FelMe @A
o et vz QueFe Fukl 2w} vl
AW e Wek F FEol wobA wAH e =
Aol 7Fsst,

o rir

= 4*4§}§ ?5}“1,
g RS w2 A St
r1e EAREgA £ fo,8 A @6 g8 A
g ngoz A4 A (v AR E EiH
A% {N2}e ¥43(cost function)e] #H& ALt
o B &8 AZYd % FHE 7 vz
Aogei2], el & zo vgdsa Clz)e
A st AZX e F 25 Avste A AT
2 Aodrt (o) AW FHx) &I @ol FEF
& 02 g o8 AwEA d&S grsnz o F
< ot
aAe Adg ()t Az A8 (NjdA b
HHES 9%k prle] e Adggich sl dAl s
2R AYE & F e ddse AHe P
FE3=d, qrlde WEZEH: 7]%‘01 AHE-E Tt
[(13l. &, Aist \23 \"771 Aag 85

1
—{ [cop-awm)
ex __n—

FolAT. A wel, AAe And EE AR
B4 AEs, 137 gow Az de 48
gud Wgage At 4248 48

i C0) > o)

) otherwise ©)

X
Fl

0O:

J...%’}m
1(‘

Ho=w

i

< A 9 HdA ARG YE HE AYT &
L 2&d gEde AL £ F Jdud, ¢nyF:
Z7)9 TE7F oW JEEE0 AN AR Y

sze) Mol 47 st A AHAE ol 4
A 82, g7t sl det dAuc e e
HUBEE A7 Fo50] L HE FAFUAN A%
A2 SRS e Aol

6) LEE Teo B3A HHol o8 ok

T,_Ty/k ®)

7 U a¥x go
W QUAR Eolzitl 2ExA0ZE Hu wEs S
= ARg3t

a4l H=iE BEHe A2 de iﬂ Q%v‘i— °ﬂ
o3 FAelz AYHL & W] Baum-Welch ¥irz]Fo]
o& T Woldt. ojAH A9 A3} WS ARFe=
N R A $E8 FEA7IL 2 88 & 7 At

Z &9 v g ‘SHE Vg v ger Addr.
71E AT FHE 7 B 8FTE AHESE SA 7
B gEA e HAs YoM EE el A9 A3
o 124 FHFS FHHez BAG2] e & 29
S E 7wk vg e v 2ol Aojdn

= f dom (y,z )dy (7)
s

o714 Se AA & IS JvEd dom(y,x)e

_J1 if y dominates x
dom(y,a:)—{o otherwise

®
2 AoE. (19 2E AR S v Edre AES
Warl e BRI F AL W BAGS Fuakl
A Al H @, y, 28 JEd ol S, 9o )
H5e o8 Avenz 3o HE Jw v g
S,7b Ak s yo Hge Sl 2 Aw

s e zAaA @)
Cly

2 N o

Mol zo Hlge 0otk
)> ) > )e B 5 e ol 7 se teE
A4 AT Aole] AT HITL T 4 Ak

284 4 (M AW AAAE AHAE Zie
A AT Tk Ao Aot Bad, o= 44
qow HASHT. o A% B8e A% 2ol AL 9
A A A U EHEE T



A
SXst4 2
y
et
SRR

o
A%3) Hat 22%0| #7F EXE 5 UEs BU

a(x) = Z dom (yp,x) 9)

p=1

A71A4 y,= P @A s PAY AEE & F pHA
& <fujgitt.

gEAs HHsE I 71y HEL Mg ¢y
Folu FAA dagF wkete A7 B1d]. ol
o dngFEEL Ao A AAAA HF FL L2579
7t AsA R AddEo HA sRdel BT e sz
FHEste ddol A BAs =, ol WA Y o
Gde draty] 98 AFE FH(fitness sharing)olt 3
o frE(niche induction)®} 722 F7F4Ql 7|Ho] duEF
Well Al o] &5 7]= FoH15]. 2 B =EoAM AetEe
1S sl sfef 22 RE Q| A= &) Abo]o ARt
Aol dojuy] wite] F74HQ FA §lolx |HT A
7} e 2 £EE 7heAde] e Aol EAolth

N

33 A7 #4
Zh e zol dis AT fle AHe BEe F

rlo

5
-2.8‘10

-2.85
2.9

N -2.95

-3.05 °

324 1.26 1.28 1.3 1.32 1.34

f1 x 10°

(a)

ou nl2az 2y (SN HNES S8 IS 520

00t

fof o7

oIr

—

g, 2 FY2nit sue s, & shvel HMM el g
Age Adgsta 2 HMMS 2oz Q7|& FA ok
ok F WY ZEavt A 7 Fdand MRe] H
Fae QAT A2y TS 98 M Asd =
oA s Adsor st gy 1 BE 2§ EF
AN E = Q7] died e 22 eE AYE
TFAGY 74 ZH29 HFH AFAM FAAR AHE 3§
U Addstn a5 2FoR AN E 7T F S
glolglo] tig JAE&S FA oldF AAS oY W
M FE A4&E Hole 2¥E HF A7)

- % FelA oy HHHE F

p =
T2 IH7IE HAsEY =2

Y

N

AgoA Atgst= dolgulolae 1899 AH(EA 8
4, 4z 10%8)7F % A0 SR ‘DA E 9
WA wod AL 30 Hzo Zd Hl&E 7|53 dlofg
oj2o|thg]. 8HY L& &g, YA 2We EEE <
A H2Ed AL 2 942 360x480 HA A7
7155 ATt 2% Aue A7 o] 7+ Jdvitt 2434
o EAS FFstn WE FAE B8 128709 2= F
R o4t WA, 7 ol 89 HHE /e
o]AF HMMo. & R el g slg)tt.

Atsle sy SuFoME 5749 AAME AHEEHL
m(Z p=2%5) 7] LEE 1002, A vHE34E 500004
o2 &k Aetsls duEEFS Baum-Welch €183,
MCE 71" ¥ MMI 7|93 vugo, F $3835 71He
AHEAZE Aok ste daEFE v HE e oy
He A¥S 53 & A5e e ez A3y

(29 3)2 At s 7YY 242 A& AF Y
d& EAES FzhlA Jepd Zoltt 7 dojuit} o 78
el SEBA e HE &

[o

2.2}

-2.25

N 2,35
-2.4

-2.45

2. . .
a7 138 139 14 1.41 1.42
f, x10*

(b)

(22 3) ZXol| oo AT sief o (a) THM S22 (b) 8 SahA



51.1

4 H[1=2(2008.2)

-~
-
il

Xl B Xi15-B
55

=
L

[

=

I

=

dEHMeElE

58

BOBE N W N R A B ®"oor 5o A ®
i%%%ﬂﬂ% anwwﬁﬁémwﬁﬂ
— o - = _
aameﬁlﬂam_lﬂlﬁ mﬁoﬂ.\mﬁ:r_7mﬁx, oy K|
o W =— n T o
m]ﬂ.m,:,_Aﬂl ™ %oﬁoEEMW
um.o]]fe % DX ol ~) BE ~ N~ B
= 0o N —J® o = PRI iy & (s —
,_ﬂul7lol_|7 e ;omax.|7MAﬁfE
= B3 g o X oo o D o) A T
% ALOL]M] 77.%‘%]_0\_%@“
o Az © 2 o S N
B o 2T SEEI L
W@ ‘,m_._l7‘._moi\w‘|w W om B _M||7HL 90
T oo N KXW g TEHTR N ol
o - Jo o T ogs AE gy
1) - = o LR o — T omr e ok
N K = oy Alm T N Jo M ™
2 N A T RRED =
a U A L - < A
o - BoELma o AW .
o H — e e i ™ — Hr Ao == ._lnui = o : K
= s mm o » Oﬁ KB o ! o oo Nl ,Dl.ﬂAroq
T 2 0 ~ do 9 B W O L owr oo
Bl K o 7 N B <
o|_u= T T =% —_ ™ 5 o i e e 2 A
g o owmHg T e X W he B
o : N = < p sl x e ™ o) o up
= doT 4 o - o BT o BoAm
& W ol s - gl = 7 o O A
; O o IS F s o TR o " N=dh Lz
1 5 = R 3 s b e
< = 40K o o FoMo ] M W op o
I P K X £ _;o,ﬂ%ﬂmdﬂm‘f
= Ao T T M w R e 3 & S %
" A Ajn o] B " RN WO A~ AR T do
<)
ol
= e —_ e ot e A — — ~ —~
; 5 IITEIIITANEL tirenErgst
N s O i A TR T TN % K
= = R ST mmpgp " ®m BMgle O F o
N o oy B o KBRS O ooy WP T T O
._M_.\._ .ol‘,fwmﬁ,q%_wuatﬂonﬂﬂﬂ% E%.ﬁﬂlATogo_aAOtio
= % o Lin W 7 ;
~ S e B aPT TICINTRE . U N ]
£ FET TR T MR S gy WY L
2 = N B T o W R o B ~, B Bw o B X%
O o N Ko — or 4L 9 D gn ER OO T o OF ok = Mo =3
o 2 7 ~ N o X oo Frx®me prRI Ty . BPo
o M Hﬂmﬂﬂ4m¢.ﬂ77l FooxEEIR T
-~ — < < 5 — N i s i o
< X -~ O 2] X = S o
- hrriawERTE, S IRTNOTEES
© _ oS M ] T UG Ao 7 = T BN oéo wr MT <
E ? RUTS T Ewasrd CRUE _ TaaRs
0 o o) © = = °C ! = ) N
o < < ® mEMdLiﬂ:ﬂB%wzoﬂ Mto_mm?amvx S o oor
B oF ' NH |y AR N i N ‘Hr o
(%) Adeinooy PP wrw o L ey o T T T T o S
A R R w@mz_ﬁﬁmﬂ%wnﬂﬁWB
_~ f O K kel f _
o- = o —_— O s R
L =y o) O A L e W HF
= JT X T o N 7 W To o
LR R R R R e R S i
WBuEFEe Mg ESMwSrN T hET L
S FTxoszlopE i slTr 8 %
A 2R boet Somde " ﬂuﬂ%ﬂmLA I A X0
ﬂuﬂogﬂa%dﬂmxoﬁuﬁodrﬂﬂu_.m‘%mw CIEIENON T
e il e 9 B = L.
D g Twe R TgapyPWqgysy gy
TTRITTVELSFRAEATD T WHFBTFFT TN

speech
Cerebral

”

enhancement of
environments,

noisy
Cortex, Vol. 17, No. 5, pp. 1147-1153, 2007.

in
[2] C. C. Chibelushi, F. Deravi, and J. S. D. Mason, “A

Javitt, and J. J. Foxe, “Do you see what I am
Exploring  visual

comprehension

[1] L. A. Ross, D. Saint-Amour, V. M. Leavitt, D. C.
saying?

J

oE

3 972
bl Qo]

°

[e)

486%°] <

=
(==

2147]
Frarel &
%2 otz

2

A=
3|

o

=

Z#29] HMMe] 3t HAAM A=

27
23
2 ALt

=
=

Atk w2HA, A
2

ol A3 3



review of speech-based bimodal recognition,” IEEE
Trans. Multimedia, Vol. 4, No. 1, pp. 23-37, 2002.

[3] L. Rabiner and B.-H. Juang, 'Fundamentals of Speech
Recognition,” Prentice-Hall, 1993.

[4] W. Chou, “Discriminant-function-based minimum
recognition error rate pattern-recognition approach to
speech recognition,” Proc. IEEE, Vol. 83, No. 8 pp.
1201-1223, 2000.

[5] B.-H. Juang, W. Chou, and C.-H. Lee, “Minimum
classification error rate methods for speech
recognition,” IEEE Trans. Speech and Audio
Processing, Vol. 5, No. 3, pp. 257-265, 1997.

[6] A. Ben-Yishai and D. Burshtein, “A discriminative
training algorithm for hidden Markov models,” IEEE
Trans. Speech and Audio Processing, Vol. 12, No. 3,
pp. 204-216, 2004.

[7] S. Kirkpatrick, C. D. Gerlatt, and M. P. Vecchi,
“Optimization by simulated annealing,” Science, Vol.
220, pp. 671-680, 1983.

[8] ¢]F4, A8, Aard, EE ‘A=A ¥ 28 X
AgtelA deFAde AR EAFEE o] & vt
oYt 24914 " Telecommunications Review, 143
1%, pp. 123-134, 2004.

[9] R. L. Yang, “Convergence of the simulated annealing
algorithm for continuous global optimization,” J.
Optimization Theory and Applications, Vol. 104, No.
3, pp. 691-716, 2004.

[10] H. H. Szu and R. L. Hartley, “Fast simulated
annealing,” Phys. Lett. A, Vol. 122, No. 3-4, pp.
157-162, June 1987.

[11] D. Nam, J.-S. Lee, and C. H. Park, “n-dimensional
Cauchy neighbor generation for the fast simulated
annealing,” IEICE Trans. Information and Systems,
Vol. E87-D, No. 11, pp. 2499-2502, 2004.

[12] D. Nam and C. H. Park, “Pareto-based cost
simulated annealing for multiobjective optimization,”
Proc. Asia-Pacific Conf. Simulated Evolution and
Learning, Vol. 2, pp. 522-526, Singapore, 2002.

[13] N. Metropolis, A. W. Rosenbluth, M. N. Rosenbluth,
A. H. Teller and E. Teller, “Equation of state

calculations by fast computing machines,” J. Chem.

Phys., Vol. 21, No. 6, pp. 1087-1092, 1953.

[14] K. Deb, A. Pratap, and T. Meyarivan, “A fast and
elitist multiobjective genetic algorithm: NSGA-IL”
[EEE Trans. Evolutionary Computation, Vol. 6, No. 2,
pp. 182-197, Apr. 2002.

[15] E. Zitzler, M. Laumanns, and S. Bleuler, “A tutorial

multiobjective  optimization,”

Multiobjective

on evolutionary
Metaheuristics ~ for Optimisation,

Lecture Notes in FEconomics and Mathematical

Systems, X. Gandibleux, M. Sevaux, K. Sorensen,
and V. T'kindt, Eds. Springer-Verlag, Vol. 535, pp.
3-37, 2004.

o & 4

e-mail @ jslee@nnmi.kaist.ac.kr

1999 @=3}el7)4 9 A7) DA s
spal

20014 B27457149 A}
FIAA

20064 B=3}8t71%9 AR A}

2006 ~& A S strlEd AAAASE dA-dFd
5 S

ok A7 $494, HERG QB



60 S=EAMelSt=l=FXI B M15-B7 HM1(2008.2)

Ht
=1

]

e-mail : chpark@kaist.ac.kr

19844 Aoistn WA3E ot

1985 Caltech A#}3-8t2 F82 A}

1990\ Caltech Azp&-stz &

1919 ~ & A =374
HAAAAEHE w4

B Eop: AL, AFF 2, HH 3 2 FA o




