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Mutate(xs, X4) ;
Evaluate(xs, X4) ;
P(g+1) = Select({x3, xa}UP(g)) ;
g=gt1;
WHILE NOT (termination condition met)

3.1 oI5

ABYEYT FRE J3YG3}= WY
dneE] Ao AFH o2 JFE 7
83 Aol £L d3g WYL BE ARy
ENI FRE FYA BFEY & Jojor Ik
£, §3 e W ARJEHI M=
ou] e HIE " 5 e Aol upEHs}
ok gk QlEg W] AGERNE W= )
E e § gud fAgnwiEel Y A
oz & dugdF olx AGRAE HE
€ e AATS AN A UF F e
Aol Aot

HENAA 4A EAC AF AHEHE F 7}
Q3 WHL Prifer 913935 33 A=)
[12]. Pritfer 9129 e =5 Ze B
%9 &4 Eg(spanning tree)E n—29 A7)
2 1914 n Atol9] £ Wiz diY oi$
4 F e 5L =0 Prifer 32 49 7
A3t H&EHe VENT oA & ¥EE do
7122 A4 3% E & (minimum spanning tree)
o 7ke E ET VEYA A4 FAE )2
sted €Rth 3 AQFFL 7 g3 £ o
& AR 32 AE02 Yehle WAooz
HEYA HASE AT FALnYFAN =2
ARSI QT B =EAE A 279 Ak
A A8 uhe} o] P37 =g 7NhE
W xZ AZUEST FRE FE3}

X rle

(]
m
LI
hue

ofM X

i
2ot oY fL0X

o4

o

=t

32 MHHZ =715

A FALRYELE 273 44 5¢ P
Mo MEHA FRE YA PO FrHsch
%7] WA x9) 4 HEE 059 FEE 0 EE 19

< 7HAA B} 2713 A ¢ FE g
Zo AgHA gong 27 AT A=A
S BEEA g ANS THL & Ut

33 BYgx

Az EHA A EAS d24, A4, »
T Agxde 957 3 fRgaYEd B
Hghro] M AES F/HT §, ARvES
A x9 HEFF CA 924 2 AHAY B
da Zvx09 wEF B F ZpE T
o (6)F o] P Z(xE BT

Z(x)=(CX)+Zy(x))Z,(x) (6)

NX)E T F MY & == B
S g 9434 2 4348 AXE v, ,KE,
112 Fojgic}. 240 e == % i joll Hisf
e A (D3 Zo] F3 Zo| dyoll viHsle ¥
A& Rl

Zy@=c, 2 d, (-7, @
ij=

whel, AFA ARZAT FolATH 4 (0%
S = 2R jo) B8 b ofRe) i
& 0(=2 7hedtAl dow) B (=T 7hEd)
W)Y e 7Hd 5 ok ek F Al a4l
AdzAo g FojAH =& i2FH j2o 47
L R EE BT Y
A9 A= 492 5 A F, a0 i
ZAge vE =59 339 AFz Asn

SR EA|AH S| =2X| M13A M3% 20074 98 107



e

>
02

bi(x)8 i25H j2o] 9A8-& B 98 Z
FHQ =29 Fa9 g &AL xelM ==
iZ25H j2 =2 713 4,008 A @) 2
o] st & E7Fssd 022 A3t

Wi,j(x):: ayja::(x) sz (8)
9 Bl wet AFA T APHE B3

A

= AZYEYIE 2134 ¥ ARZYEYAR
o 34 o AL EAYS e Zen

nEF Wy e A2VEYI Ao HY)
= WEFo] gAY AT AFFEFHRY

a9 =2

1
a

A5 ol 2 uge o8 ErlEES
SN2 & A0k B EEAHE 4 © Fehe) B
5% 44 s AHEE

max'r(x
( }=max]|1, [ ]
ot 1R 2 457 HAY" 5 glow B =
BoAME o =48 AHE@TH
3.4 OFEAEY ME AR}
AP FHEREFS AY 7 fRdD

2]Z(generational genetic algorithm)#= %E],
& A £5(FE i e F)9 Aews
’%’”ﬂq AEE A& AAEL 4 A W
B2 AANEH BT F U Az A2
37} AR FRAH AL TAZ L 7 A
Ao BA{FE AN AYRY 9F R E
Bdshe B2 Aol AQEE MZUEYA
A7 EAC] AR gt
B =2dA Agtsle HAdE AE Akl

108 SI=RXSHPAAMSSI=2X] 132 M3z 20074 98

o Adjeict T 52 A i3 xF A9y §
A AHES A2 AL F F AE T x4

g AT AYD FHgnaEe A AAT
°o2XH x# & A9y A} <9 719
2% Ae diARE ARgdith o] At
X AT e ZE NS ZAT 284
w02 A3} gz Fojd YA b ke
RS} AT Z7) |Plell tial, [0, In(|Pl/x+1) B
e U3 EXE 2= F o ud wE XS
F, ([k(e™ = DI+ 1A ([k(e”— 1]+ 1)
A AANE xF 2 A43c) g2bA wt e
£ Mel ¥ (selection pressure)o] Z7Fl 7}
55 A9 o] otk

e Ad Azt F8
&3]l (local minimum)29¢] %
e Aotk o]F ®AAE7] H3 Atd
YuEe 2 k ¢S ARSI AT el
# A EAE 38EA deth $AE
3171 98l B ApEo] AAT W ofd A
g FYE A, 2 ALE RE AAER BAA

ANA gz WAL,

—c:s_‘!.

K

=
=

o g Mo

kT
—Llo{>l=l°1m.>i
- N B0 T T3

Y
=

3.5 mx} HAK}

AYd FALRHF L ped FEZ B

= XF 79 ux} ‘_/&Z}(umfonn Crossover op-—
erator)E AHE3TE & F A& pod HE=
ME 2L X9 %@x}g 059 B358 w3}

AU, 1—peol 52 W3l glo] A 363 A
g3ye 9 ¢ndEE AXA Ao

3.6 48] YIS

HIS el 7 xo AEHE VRS 33



0
A
i
kd
jr]
]
o
i)
o
o
B
og
2
H’]
>4
o
I
Hu
e
im
0
W
[l
B3

rk
i)
oX
L
=3
ik
i)
4
30
By
4
iC

) B39} A
£ Qe ¢z 4
29 #9388 7/IAx )
A GoW O k=2 RY AFHA ¢L k= J}
U 7V 7k B Aleld] Bag S48
FESo| FEI F9 AEY YaEL %1
At Aol dFARE
e g8 dAYEE HF VEYFY dEAS
BASAE gt AT A¢E dndEe F
7HA] o2 Q3 =u JEY YA F e &
g 3A, 9 ¢ gnEe 1y He
|dFs daz It EA, ALz E 3
T 3 999 A4 e JH vE
7] M AldzAs B g A )

Aol A Fart dok

X

s d

% FElE AE AT FAD A%EAE BF
WA AA Rl EBR3 PA7} F7HE] 3l
= 5 A0BE pyo) FER PA AA EAN0
£ w3 G A& AV FoR Aokz
A 7 st olde WA R, pyd] HEE
F3 371 2QW0lE #3¢H 43 AA 9

dole A el EASE 99 9ag shi
Hege ol AAsW, 2 F7} Sddol:
AR ol 243 S Jele) a8 st A
gt} o2 Al F71a.

4. M@

1)

2 AdAe AgE HRdE fRgae
o7 714 ARV EYA AA A FL3
ARE g APS A3 BE ¢
C++¢lo 2 3359 21 Intel Pentium M Processor
16GHz®) CPU AolA H2EFT <X 1>%
2ol Q)Y F 7HA 47 Az F 714
A4S 23 U] 7HA] AZVEY A HA 54
< 183tk OBJ17} OBJ2E A= 34H] &S )
Azttt OBJ13% OBJ32 dZA Afznve,
OBJ2¢} OBJ4= 7 @7 42443 us# A4z

$ B 1@ OB}/ 71 B84 Hz
WEQD 87 BHod UE BHES 349 o
UE 7Ht) A £9], OBJ1S 2= H2HES
2 47 BAE o5 AY=W BAL)Z 1572
% gl

\}

ol oy
flo o o

<E > U I MREUEH{I 44 =5

ol5 H| 2 Cx) HetxH

OBJ1 G, (x) AAM

OBJ2 G, (z) T oA M 2 nEEt

oBJ3 | C(z)+Clz) | AN

OBJ4 | Gz)+Cylz) | o 2N 2 nEY

4.1 FELTIE HE

B =Rxe Aotd fALnYE v o
A 7HA Wg sl gad AzvEdas 4

SRR SHEA| A S| =2X] M137 M3z 20074 98 109



o
r
02

ol HXE FFS oldsy] f8 B4 24
(analysis of variance)2 AM&-3l%ich.
(D) AAMZ =27} : IPle {50, 100}
(2) A9 g : k{10, oo}
(3) &2 guEZE A % : rE {false, true}
(4) 23} 4% 8§ :p.E{0.5, 1}
(5) EdWo] At &E : p, {05, 1}

AME g 7R 59 dFEe] 44 F 7}5‘]
< 7H & Aok 7H3kl, A2 &
F Z23E 2te 3271A ‘rr"‘4°‘3’—\"42°] :IU"]% T
At o] 32 FHgRFS 7HY A2 E
A3 AA EAER @7}3}"4, % 96070 9] dlol”
AFES FE3I9GY. A2VEYA 44 EA=
oA 71A) 15)¢} 5 744 &
Z(0BJ1, OBJ4)l th3l A=A == 9
29 tia) iA). B3 FF2E 2 65 AHS
At AZVEYAY 7} == A= [0, 100] x
[0, 10019 44 oA L= AAHJLH, d, ;
= F =& 7t9] A#l(Euclidean distance)® 7}3
HAk ¢, 8 T ;5 242 {20, -+, 15033} {20000,
-, 150000} B¢ WM g2 ARFHUS. ¢, 7
t;& 47 13 283002 FojF ) e SHu &
o] A2 b3} o] FojFth

¢ ;(x)=3107°-1, ;(x)+107°

_1

e A

- T(n: 11’ ey

o]

HA

A}

1 E] o] A o] A= 100004 th
T Wl A 78 ol AR Z(x) ge
Mol ez Asioh

Aol Ay <E 2>~<FE 5>°1] A
>=da N 58 4 ol %
x)9 P-gES 5'.04%‘—1 At 2zt
o 59 W47t 00020181 P—gtog Z(x)ol
o] Sle YIS RS ¢ F Atk <HE 3>

Ll
r e o~ :(o

e 2 0
G i s

A F
F

.l
g
1z

in
3R
)

N

=
Ee)
=

110

FIRK| M HA| A B e

| M133 HM3E 20074 9%

<E 2> Z(xoll thet 24t A ZBt
Source SS df MS P @t
|P] 2446732 | 1 | 2446732 | <0.001
k 5546804 { 1 | 5546894 |<0.001
T 2402868 | 1 | 2402868 | <0.001
Pc 3865643 | 1 | 386564.3 | <0.001
Par 546922 | 1 54692.2 | 0.002
|P|xk 66360 | 1 66360 | 0.268
|P|xr 149153 | 1 149153 | 0.008
|PIXpg 622104 | 1 622104 | <0.001
[P[xp,, 313045 | 1 313045 | 0.016
kxr 36825 | 1 3825 | 0.268
kxpg 159903 | 1 15990.3 | 0.086
kXpy, 569800 | 1 56980.0 | 0.001
TXPpg 139690 | 1 13969.0 | 0.109
T XPar 45240 | 1 45240 | 0.361
Po X Py 140454 | 1 140454 | 0.108
error 4867138.1 | 899 54140
subject 29613492956 | 29
within group | 2966216433.7 | 928
total 2968004501.0 | 959

€ 4 =4 dg ol aig Z(x) 9 BEgks v
g3lgth. o]2RE | Pl =100, k= co, r = true,

pe=19 43 1§80 ) 2§ERT © 3
g—s]- MNZYELAE SA3tieE 422 Y &
itk BAF EAe) A £ 59 W g, [P

<E 3> Zt 53 W ol B 22l ok

=9 ¥y e Z(x)o} "k

50 2089.88

|P|
100 2057 95
. 10 2097.95
oo 204988
false 2089.74

r

true 2058.09
05 2093.98

Pe
1 2053.85
05 2081.46

Dar
1 2066.37




FHYDRIEE 018F &

HHIAE MU EST M

% pe, kSt py Aoldlx v gle BATE &
< RAYFED <E £HEEH |P=100% po=1
o) 2] Z(x)ol mAE Fko] dzte] JggRr
O 45348 ¢ & ok £F <F 5>ERE
k= coo]7]gt W py0] Z(x)dl| v]X& Go
oS & 4 Utk

<E 4> |P|2t pe ol WE Zxel Bt

|P|=50 IP|=100
Pe=05 2101.90 2086.07
pc=1 2077.86 2029.83
<¥E 5> k2t py Aol WE Zx)el "ogt
k=50 k=100
Py =0.5 211320 2049.72
=1 2082.70 2050.03

£¢0] B UEdT. ot AzvENZ
A B} B AG HAd2 A gl
A9 g4, 5

25 dee A = 4
FolMe 4 £ ‘ﬁ«l éﬁri—rﬂ F Hed=
IP|=100, k= oo, r=true, po=1, po=1%&
AR-3tc

42 E} 272|E119 Hlm

ARE FRLNEEY AL oA A"

Sk 271 2 AT SnF191 F A A
eaeF9.20]0) el AMEHCh B} 2

&12Z&< BnB, GAl, GA2E E7|8I712 Fhc}.

BnBE £7] ¥ Ajg €318]F(branch and bound
heuristic)d] ¢FAE ¢4 UEY ¢xgFrts
WE A2t el A9 & FF. BnBe T
o AzvEAZ A EAE HH3H ol 4
e A FE VIFLE sh oY 39 &
AEZE Bk 449 39 £AEd sl BnB
t EE 8 FEE 3T + e EFY FEE
AR &4 NES EF3e o] EY xR
EF AgAA FET A Bo2N 59 &
A AFHNE 7T 5 UA ek 2} o] A7
A 77 9A g329 o g 7)slarHes
ZF713tE R, U EL =9 27} AAH BnBe &
A AIZE o) e 78 5 gith

GA13%} GA2%E Deeter and Smith and Dengiz®
o3 AgE Ao 71t MEL A dAS fHgx
HE2ZA wf Adheitt AT 59 & AE
s 5 AATES X BE ASE
sl ul-g 9 A%xd Hrht ojFo| Ao}
2, GA19} GA2E= A¢hd fRgEERY g2
AL TS %9& & 45T 7 Utk GAlX
8 ¢SS AMEHA gE W, GA2e F
SuFES AHEET GALSE GA29) Bt A
AT W& 5 A& 38 vius
& e =X AM8-H BnB, GAl, GA29] ¥
FES IR ARSI

2 dfoMe Agd FH¢18FS SSGA
2 FAEA W] guEEES Al 418N 2
2 iAo g AN 24714 MZUEY A A £
Ag HL3A) o] EAEL 9A 714 ==
$(n=17,89 10, 12, 15)9} ] 7}x ZHES =
gHate] AAE . 7 HAEd g Z(x) g3t
A re] 715 H AU BnBE A3 e =
Al FEHAI, ALY F S-S 10000471 A

do oz W

SHEX|SEEA|AMES| =X M138 M3% 20074 97 111



e

]
o2

<EF 6> OBJIS = MZUEYZ MHA 22X <E 8 OBJ2, OBJ3, OBJAE = MBUES
oll st SSGA, BnB, GAl, GA22l Z(x) 3 MAH £Ho tig SSGA, BnB, GAY,
oWt GA29| Z(x) & HAMA|ZE "k
2x 70 B =x SSGA GAT GA2
3
2% | n | SSGA | BB | GAI | GA2 g3 n |20 |15 2w | | 2w | S
7 | 2744 | 2718 | 3882 | 2995 = — —
10 | 487 | 59 | 820 | 732 | 567 | 934
8 | 2980 - 4042 | 2477
T 2 oi2| 12 | 704 | 107 | 1445 | 1426 | 841 | 1509
OBJ1 4470 | 2881 15 | 1874 | 271 | 4223 | 4034 | 2246 | 4011
10 | 2514 - 5353 | 308 10 | 1634| 29 | 1865 | 390 | 1668 | 504
2 | 2923 - 10192 | 4351 o3| 12 |3022| 43 | 3621 | es0 | 3082 | 889
15 | 4273 : 2072 | 815 15 | a817| 76 | 6508 | 1116 | 4971 | 1258

) BuB= n>70] i3 8AIRE ol 812 2w A

<E 7> 0BJIS = MZUESZ A A
CH&F SSGA, BnB, GA1, GA22| ¢ thA|Zt
gou

=H LA ZHE)

S | np | SSGA | BnB | GAl | GA2
7 125 | 42980 | 2107 | 2232
8 16.8 - 2900 | 20438
9 | 217 - 3722 | 3762

OBJ1
0 | 262 - 4423 | 4724
12 | 389 - 6458 | 8580
15 | 66.1 - 14157 | 14284

g Fo FEHNAD okfY EE
Aol ot Hagkolch

OBJ1d] W& Qe <E 6>3 <E 7>
AYsUth BnBE 37 & AIHE 2#3= o
AN Bo e, 2820 NZYEYA A
o] AAHE FA} 2T 1 o)} =& 5
Zhe BAld didAE 8AIZE olulel HHE +
a2 2Tk v SSGAE F2 A4k A1 Uid
HAP S T3 WA GALlH GA29] AXHA
7+ SSGARTH A3l Aew, 189 Z(x)
7t 9] SSGAS) 2RRT 2 AS HAFU

Ane 25wel

112 =X SHEAAHES| =X M13A X3= 2007 9¥

10 | 1733 | 59 | 2044 | 637 | 1745 | 1043
OBJ4| 12 |3234| 114 | 3960 | 1179 | 3258 | 1740
15 | 5808 | 281 | 7939 | 2588 | 6071 | 4003

ARz YREY Az dis) GA1F GA29] 3
FTHE 10004 ojHd Y HH3) ZAZ T3
o] A9 wWA VoA Eﬂt}.

A 7HA §ALnE)ES OBJ2, OBJ3, OBJ4S
e AZYEA 474 EAd 488 2d=
8o A3ttt BnBe o W3] 3A7He] AAHAIZE
oZw 3E 3R Pk I, SSGAE 4H
3 GAlolu GA29l & o Y& 35S RYS
o 4= 9t} OBJ3# OBJ4ol tisixe SSGAS
GA2¢) Z(x) ol & ztel7t i o)A
Al go] ZAZ FrHE N2 F3H 8
A% A S 7] AEA BB Z(x) %9
A zto|7} Zol&S <jvldtt. OBJ3% OBJ4
d tF ¢uE e AT AolE FUs] A
&, 150709 AZe] s} & t-8l 2 E(paired t-
test)® A <E o Y A t-EHX
E A =W SSGA7ZF GA2RTH 9] Al
=2 /K-L‘:__Q_ Eo]_g_ oL e gl\;]. 157];94 _‘1‘_59—}
210702 #=E Zte FA9F OBJ49l disl GALTH
GA27} YA 2 & A Axe] AAATHE e =



FHLD2|EE 0ISE LHHY TR MU EYI HA

<# 9> OBJ3zt OBME = MBHESYZ M
A EHoll thEh SSGAt GA22e| Ax)

7t t-HAE Aot

gn2lg | @ | EFER | T-& | P-g

SSGA | 37460 | 150632
958 | <0.0001
GA2 | 346583 | 161084
she Wi, AgE AL TYEL 58 oy F
EFUT. ol AdE duEFo] 5= W 7Y

-
b
o
PV
2
v

A-F AU el 3l g

(29 4= AgE fALTEol n=159 &
A A& 7l JHo YEJAES BoFa
At OBJ1¢] Fol3 & 7%, fALnIYZ L 4
BUE [2% 4] ()9 2L £ g YEH=
% T OBJ3o] FolHE A%, F3dn

A5< TN o] A, WA vl EolM HF &
HH&9) vl go] F71E-E YEYT U9 g2
T 37k Aolth OBJ2%} OBJ47} FoH & 73
, g EL [ 4] (0, D)9 e 237
tHE ] MEQAES FaW o] MEYAE
AA HH EYI grhd 2AHEA & F
gloey, BE k=50 nEHo] ¢, 9 /e

g9 & A

o o

¢

[o]

—

tle rir

B eRdME 28453 2w A2y

(28 4 n=159 2ol thsh Meke Fug
nLENESE EREREES

EAE A3 A% FAgudSS A
St 4 ARV EHIE U YEYAR
22Uy g 3 048 9 §ANE, A SAuE,
A4y, A, AF5FS d53e PHE AA
4k o] MFZMEY A 2dL suro g A
EA AA TA -3 AdAE A8 ¢
A3Y fFRgnEs MEsdn. Agx4d
0F7) 8] ¥y dE, FdgnmE A
HEE Aor] Aol & 7] 2adS A
AxALE, wf Aldiviet AGE & A &
A& g1y 93 e ¢nEEs, A9 34
3 FHdA Y £ £R& F7MA7]7) A
38 Ze Eddo] AAAE AHEEAT. 43
S MRZUESYT HA3 FA o ¢ 73
ZE H5E ARAL, o)A AtE g

>
[

e e o

B

SHEXSHEAAMSE=2X] H13H H3E 20071 98 113



o3y

neEHe) HRE T ALE FREIFY
s& AFsU

7] fsiMe B 7HA sdsior & A7} etk
AA, & Ao 7o Site d& IFs= YEY
2E A AR Yol A HaMe 94
A, A5 2 w5F Aokzde] dig Fo4r A
ZUEHAY FEA ARE BE AT Qo) BT
g 5 Qe Wiol "edith MZUEYT $H
g 3} o4y Ruz wdsy 3y FxE
HEo dis) AAA, A L a5 FS &3}
€ 7ol 3t bHo] & £ 918 Aot EX, 3
A9 Fele A FF o3y IA vEE /A
o FH XPAEY FEFE A HEZ 1 o]
g B =RdAAE 537 oy Adyt A
A AZUEHZ Aolle Fo] ofd k=7t EAE
F o2 1 YRF AGA APstd g
AZYENI A A £t st Ax
8.3 olqpo|th AR, B =Foe il 21 m
ol t, ;9 T ;o T Avkn HFH L
W, Fold &4 uEFd tis) ¥l 2 Az u%
FS A% AL & UE A3 FAE A
209 71 5§ 53 sjds oo g}

(F5) o] MEH & L2|E
1. RELDEE 1120]

#AL1EE 1(GADL Deeter?} Smitholl ¢
3 AtE VIE A AH3} FAYnYE S 4%
TR A oAk GALS B2 AFY S A3}
o 40709 27] AAE G5 AL T3 AT
o} Ajielct GALS EA) AAT Wl £A)3}
= 71 A=t 22 AAE og A AT

114 s=2X|sHEAIAH S| =2X| #138 35 20074 0¥

o $470 2 HAGth I F v Al AAE
£ FAY YA AAES A7) A3 o=
Lo Alg ARgRTh 94 o)A #97Iw AE
Axtel o3 A AAL HAM F e FE A
Ag Add &£ 1
&8 058 e 9
of A8 I F A& AAE YHsto o
Al ARl F71gt o] AL o Al A
A 7ol $4E HrA PHEI

m

U rx

(B o F
o,

re e
2

to

-

s

Rl

=

2

2. FHYTEZF 2[9]

A

oL

#ALRYF 2GA2)E A == T
dxAE UEIe A g FA Y
A7) 8 ALHASG. A dx
F 292 A + g FEd dsA
oA A¢E ANAE A&3AT GA2E 7t
o] Ay AAYE A&t 50709 7] A
WrE AT ojgA A48 27 AAE
58 ¢ngdES AX BE ==/ FolF 942

NEY 238 w3719 T2 79 I&

Y2z 252 289 9 Adsld GAZE

(2
i)

im
o

=

(s

rE e o
fo ot oy Mo Mz mx X

rie

hch
i)Y
el

>

3

1) k=109 2 g QFE T3 F 7
EAA x, 3 x, & @A A HATLE
2E e

2 079 &&= et 2L ux g 59 @
e B F AE A x; 3 x, & AT
t}. B2 039 FEZE x, 0B IHE x5,
x| EARGT
Ax 3 x,0 FFHoE sk ¥4

£2 5 A& M x,3 x, 0] BAH,



B : 9} x30] AAAS 9HE3E DE olF
gtk

C:xy7t 23S U5 7R xole &
AT xz0 EAFA Ye FAE
xzol Y F713ich

D:B, C& x,o tsiME wEac}

E:x;9 oj" 837} x300 EAEA] =X
gldx of Fasg xo F/kRith

F:x,9 ofd §37} x, o] SA3A YA
g8t o] FaEE x,;o F7RRI.

(3) 039 F&E=2 Ed¥o] At $2 BHY&

AR x3% x, & e AT EARch

gtoF ok AT 48709 AR EA s

¥ x,5H BARI

o= Al AR wpA = g ZAEs @4 A
0 AR FheE P AE =) "Held A 2
Aot w3 9 SdHe] date] 5L o =F

AM 78 g IUZE AHEIATH

(1] AGA, AAL, “AEFolg= ojdFE o]
£ WA AT AT FFASHEAA
Q338 <o) 32(1999), 195~202.

[2] 943, “AFAFASAF A2HY Tz
249 7%k £5%5Y F7 AoAEIHA A
38 =8X AAEA,

[3] Garey, M. R. and D. S. Johnson, Computers

and Intractability : A Guide to the Theory,
Freeman, San Francisco, 1979.

[4] Aggarwal, K. K, Y. C. Chopra, and J. S.
Bajwa, “Topological layout of links for op-

timising the overall reliability in a computer
communication system’, Microelectronics and
Reliability, Vol.22, No.3(1982), 347~351.

[5] Ventetsanopoulos, A. N. and 1. Singh, “To-
pological optimization of communication
networks subject to reliability constraints”,
Problem of Contr. Inform. Theory, Vol.15
(1986), 63~78.

[6] Glover, F., M. Lee, and J. Ryan, “Leastcost
network topology design for a new service:
An application of a tabu search”, Annals of
Operations Research, Vol.33(1991), 351~362.

{7} Pierre, S., M.~A. Hyppolite, J.- M. Bourjolly,
and Q. Dioume, “Topological design of com~
puter communication networks using simi—
lated annealing”, Engineering Applications of
Artificial Intelligence, Vol.8(199%5), 61 ~69.

[8] Randall, M., G. Mcmahon, and S. Sugden,
“A simulated annealing approach to com-
munication network design”, Journal of
Combinatorial Optimization, Vol.6(2002), 55
~65.

9] Kumar, A., R. M. Pathak, and Y. P. Gupta,
“Genetic algorithm based reliability opti-
mization for computer network expansion”,
IEEE Transactions on Reliability, Vol.44
(19%), 63~72.

[10] Dengiz, B., F. Altiparmak, and A. E. Smith,
“Local search genetic algorithm for optimal
design of reliable networks”, IEEE Transactions
on Evolutionary Computation, Vol.1{1997),
179~188.

[11] Pierre, S. and G. Legault, “A genetic algo-
rithm for designing distributed computer
network topologies”, IEEE Transactions on
Systems, Man, and Cybemetics-Part B:
Cybernetics, Vol.28, No.2(1998), 249~258,

[12] Gen, M, R. Cheng, and S. S. Oren, “Network
design techniques using adapted genetic

BIRX|SHBA|AH SE=2X H13A M3E 20074 98 115



e

>t
02

algorithms”, Advances in Engineering Software,
Vol.32, No.9(2001), 731~744.

[13] Chou, H., G. Premkumar, and C.-H. Chy,
“Genetic  algorithms for communications
network design-an empirical study of the
factors that influence performances”, IEEE

Transactions on Evolutionary Computation,
Vol.5, No.3(2001).

[14] Won, Jin-Myung, F. Karray, K.-M. Lee,
and J. S. Lee, “Guideway network design of
personal rapid transit system: a multiobjective
genetic algorithm approach”, in Proc, 2006.
IEEE Cong. Evol. Comput., Vancouver BC,
Jul(2006), 7979~7985.

[15] Anderson, J. E., “Fundamentals of personal
rapid transit”, in Proc. 4th Int. Conf. Auto-
mated People Movers, (1993), 516~524.

[16] Anspach, G., “PRT 2000 operational char-
acteristics and modeling”, in Proc. 6th Int.

116 SRASHEAIAHSBI=2X| M13H &3z 20074 9Y

Conf. Automated People Movers, (1997), 497~
o07.

{171 Floyd, R. W., “Algorithm 97 : shortest path”,
Communications of ACM, Vol.5(1962), No.6,
345~1962.

[18] Lawler, E., J. Lenstra, A. Rinnooy Kan, and
D. Shmoys, The Traveling Salesman Pro-
blem: A Guided Tour of Combinatorial Op-
timization, New York : Wiley, 1985.

{19] Jan, R.-H., F.-]. Hwuang, and S.-T. Chen,
“Topological optimization of a communication
network subject to a reliability constraint”,
IEEE Transactions on Reliability, Vol.42
No.1(1993), 63~70.

[20] Deeter, D. K. and A. E. Smith, “Heuristic
optimization of network design considering
allterminal reliability”, in Proc. Reliability
and Maintainability Symp, (1997), 194~199.



FHUULL(EE 0|88 LAY TR M2UEYT MA

Abstract

A Genetic Algorithm for Guideway Network Design
of Personal Rapid Transit

Jin-Myung Won'

In this paper, we propose a customized genetic algorithm (GA) to find the minimum-cost
guideway network (GN) of personal rapid transit (PRT) subject to connectivity, reliability, and traffic
capacity constraints. PRT is a novel transportétion concept, where a number of automated taxi-sized
vehicles run on an elevated GN. One of the most important problems regarding PRT is how to design
its GN topology for given station locations and the associated inter-station traffic demands. We model
the GN as a directed graph, where its cost, connectivity, reliability, and node traffics are formulated.
Based on this formulation, we develop the GA with special genetic operators well suited for the GN
design problem. Such operators include steady state selection, repair algorithm, and directed mutation.
We perform numerical experiments to determine the adequate GA parameters and compare its
performance to other optimization algorithms previously reported. The experimental results verify the

effectiveness and efficiency of the proposed approach for the GN design problem having up to 210
links.

Key words : Personal Rapid Transit, Network Optimization Problem, Genetic Algorithm
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