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We focus on resource allocation planning in container terminal operation planning problems and present
network design model and genetic algorithm. We present a network design model in which arc capacities must
be properly dimensioned to sustain the container traffic. This model supports various planning aspects of
container terminal and brings in a very general form. The integer programming model of network design can be
extended to accommodate vertical or horizontal yard configuration by adding constraints such as restricting the
sum of yard cranes allocated to a block of yards. We devise a genetic algorithm for the network design model in
which genes have the form of general integers instead of binary integers. In computational experiments, it is
found that the genetic algorithm can produce very good solution compared to the optimal solution obtained by
CPLEX in terms of computation time and solution quality. This algorithm can be used to generate many

- alternatives of a resource allocation plan for the container terminal and to evaluate the alternatives using various

tools such as simulation.
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3 31412 2 23 0 3 2 3 1 1 3 1 0 1 0 0 3
4 312 ] 4 7 13 5 2 4 2 1 2 2 0 0 0 0 0 1
5 2 3] 4 13 15 0 1 0 4 | 2 1 4 0 0 2 2 1 0
6 4 1213 |27 0 0 1 2 4 |3 4 0 0 1 1 0 1 0
7 4 | 2|3 1 19 3 3 1 0] 2 0 0 2 4 0 4 2 0
8 2 13 4 4 3 5 3 2 210 0 0 0 1 0 3 0 4
9 3142 2 1 1 3 0 0] 1 1 0 4 1 1 3 0 2
10 31313 8 8 3 0 1 | 3 1 2 0 2 1 0 2 0
11 4 12 |3 9 2 6 3 4 0| 2 0 0 0 0 3 1 2 0
12 313 3 2 12 1 3 5 0|0 0 1 0 0 3 0 0 0
13 4 13| 2 14 2 13 2 0 6 | 3 2 1 0 0 0 3 0 0
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5.3 Al g(Selection)

BAGY] RE BEES rank based quadratic procedure
(David, 1995)E o]-&:5}e] AMeB3Ic) rank based quadratic procedure
WA B ¥ EES A (finess)E 71T 02 HF3I |
RE N7HAY £ E FA3it) 03 VN Afold A 9ol &
AE A3 1 g AFIAL A5 ol E AR o |
& gttt o gho] MY Bro) £A7L ok F HA B
o MEE 22 s wiEr YT FEI HeYEHE A2
g0l gt - x 7} e g w7hR] wHE i

5.4 aLxHCrossover)

w2z el e frAxe] 4o & M 7F o g Adatd
T RERZHE 247 Add S R 2EHYANS 4ol
&g AAEte 9A nAke F R A9AE e old o
2}, 281 g REERE FEHQ ¢4 E dotgoly, &
R 2HH 7 JE A £XE FA 8o WolEole
A 2k Fol T2, 1997).

B Ao 2 Ak o] d wate] Yntste FE<l ¢
oF W xKuniform crossover)Z AR&-3ich o] wal e F B
2o 22 A9 gle KA ' FllA st HE
3te] 2=9] 11 YR o)l A3t i) o & Eof
7} X1, Xo2HH

2

4t o

X1=032574
XZ = (2, 2a 3; 59 5)

olx, YIE FF AEH (1, 1,0, 1, 0)d o, T AL

Cl = (35 2: 3) 7a 5)
C=2,25754

o} 2-& Fejr} Aot

E AFM 4 AAE # 717l U Ad EFAYolmR
n 71700 st 1 EBE B s ARo] 717HEE £ A
& AEITE Q0. F, 7)700] 49 9 FER 0] (1,0, 1,
0)ol2Hd AH& 12 BE 19 7170 13} 7]71 3¢ 2k €AY
&, B5.29] 7|7k 28} 7171 49) AHY BFA G & F&rent
A& 2E B2 13 22 8E YR )z g Y 8%
A& "ok webA 2 71709 718 A e tiE A
oG o] 7) x| Y 9] Aol 7hEBlTt

5 &9 o](Mutation)

EA¥olE i3 EE 43 8 T2 o]20]d £ e
o, A71Me frd A8 B9 F, 7128 thsted EQHol}
g BB 2717t N, 2 Eddol&ol mold
& Aol M FI (VX mx A 71270 9] 717l M B

o]7} dojdrh. Edwold 7)o] N ™ 1 7|3t oi g
A4 83e 2o 73kt

56 A= 97}

Aol Yt +1 A7 BANA RS thre
Mol FPsshE A3 st vk e B8 e 9T
848 o831 o] 2ok

B FA% dne B e vt esE 2T 234 A
At E AR A 7Hss) o} vizbs sl A el
2ol ¥k s E H&ahe Aol HH s 248t
FE YRR I A Aok 2 Hl7bss ) dig e
Fod AAE A Gt 132 A A F3 Tk

2 ArolMe 858 AdE o] &t d7) ol & - He}
A 2% Aeold Y #3& ZAstw, Ao AR ¥
ol §o A W FrE At W71zt ke 29

ol fr o
2L
_clﬂ_t’
N

712kl % - HatE ¢ Sle Ao 7] Ha, & - H3}
A XL 3 e ode g 7179 £22 YA
Aute] 7)ol 3] ol i AE o7t Tk HIZbs
Z 93En old B¢ AAY Hxe SHTFgAT 2
S WA gho] Ak

H7bs a7t A2 AEHE G5 wF7| st ¥
< ¥ FA3 -

6.4 ¢

Ze o] grde Wi <19 2>9} Zo] WM 3N, F& A
go|u e HAE %t 4709] ok=(Inl, In2, In3, Ind) o} 5§
Aol & A3 oF= 47)(Outl, Out2, Out3, Outd), 33
4 °}= 47}(InOutl, InOut2, InOut3, InOutd)E A % 12749 o}
=2 FAHA ok 4 A= F g9 A4 3 (CC)e]
AR E Y o, Aroly % - A3} FF weh A4 Z
Ao g 23S F - Aot AP SR} A A oF
=(] & E9}, Outl, Inl, InOut1)7} FEO 2 6] ot A
QA(YCyE AHE-31a 1tk F AGV dj =& 30|t

FAHYA FAE E7] A8t ©A B4 A Aol H
ojdel URYZE e ¢ - &3 diolE & o] &3l AlE# 9
AL FHEAY 1 FH2 doj Agloly Budy A
S 832 U9 2 AGVE A% AH oY Hrjd&
7HR8S g A

AN agd&F 2200
AGV &3 : 99.684/hr
o= Iy BF  :20.0Mr
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2183 Adute] thg dloj B & th&-3t 2

Autez By

Aupg o3l ul & 1 47%

Auted A3 vl & : 48%

WE/ET AeolY Bl&: 5%

Yard &4 74 s ok31A] 991/}
5] 7.95/0kE

110358

frAZ ¢ F9 FerHE o5 & ARSI

5+ GAMM(663, 0.751)

At etz

2R F7)(m) : 100
Z Nt (n) :50
WAE(P.) 125
EHOIE(Pr) :5

7+ A9 17 w43 WE vl§-L Zaffalon(1999)8 Fx
3tof AR-SHST.

A4 TG BA AH2E Sol7ke AdH} HlolE ) e7h <i
1> Yeht lok

2 a7eM A 4 7kl 879 AU 3
(PERIOD, CCI1, CC2, CC3, AGV1, AGV2, AGV3, INI, IN2,
IN3, IN4, OUTI1, OUT2, OUT3, OUT4, INOUTI, INOUT2,
INOUT3, INOUT4)9] JejE 7hx| 31 et w2tA 3k &
1PELE T e <R 2> 2T

IRge Adut dlolE $ A& 15U thste] 12438

X3 FA4 LY ET A 2 2F

FAE -

4 ¢

F 7|12 B 7HE(F, 1470 71zt tiste]) A& W33t
ATk AL SHFE 10%H F7HA7|0M 9 AR 0%
THAE HHAE 78 5 ek AP A £FE180%
A F7HAFIRA 2 E9om, sun ultrab0 A K3 E A
o H A &)= CPLEX 6.58 AMg-3te 15107, 34 ¢
e CHE 7Y

AY 237} <i 3>o HFEjE o) gick HoA *2 BAE
& CPLEX7} ¢ 341 9] A48l (Upper bound)o] tt.

A4 gl disiA F2z2 G e A A5
Bl iE <3 63 2ok RE £ A Ao gl
ACGAZOM . 100(5)9) 45¢ Wmah 23} B 080%
2N FR2 G 5S ol &5t -5} vl 2 E S
78 ANk

(GA-Opt)/
Opt*100 (%)

0.82
0.81
0.81
0.80
0.50
0.79
0.79
0.78 — S
0.78 - —

0.77

i
13
50 60 70 80 90 100 110 120 130 140 130 160 170 180 &3

29 6. 497 22257 Aa)) SAYS

FAA G E(GA) 2 3j)(Opt) Objective Solfution Time
#3304 Objective Solution Time(sec) Objective Solution Time(sec) (Gél-(())(i?/ﬁ())pt Opt/GA
50 2402095.05 2.25 238334].42* 7655.09 0.79 3402.26
60 2402115.05 1.87 - 2383245.49* 8155.55 0.79 4361.26
70 2402105.05 2.14 2383177.32* 534747 0.79 2498.82
80 2402225.05 2.14 2383135.05 1854.44 0.80 866.56
90 2402075.05 2.20 2383135.05 9017.19 0.79 4098.72
100 2401925.05 1.97 2383085.05 905.59 0.79 459.69
110 2401715.05 2.19 2382975.05 648.94 0.79 296.32
120 2401985.05 2.42 2382865.05 844.84 0.80 349.11
130 2402205.05 1.75 2382855.05 419.49 0.81 239.71
140 2401955.05 1.76 2382845.05 266.15 0.80 151.22
150 2402115.05 1.75 2382845.05 338.69 0.81 193.54
160 2402135.05 220 2382845.05 450.60 0.81 204.82
170 2402155.05 2.09 2382835.05 540.43 0.81 258.58
180 2401845.05 1.87 2382835.05 559.31 0.80 299.10
Average 2402046.48 2.04 2383001.42 2643.13 0.80 1262.84

* A7k okd A48
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27§24 2025 AR5 AR AR

<ag 7>& FAA G EE ol &N e 7 At
HA5) g Fate v 2P ANE BAF D Ik A £ F
7k71-100 %(A 28l o] A wle]E ] 2H)) o] o] HE H A E
e d Aale AZRe B 55267224 108¢t A3
£ 78 7 AU 2V &7 Al tights) A HHs)E
Tat7] A AL wf - wE S22 F7hslo] AF 70 %7
B} Sun Workstation ultra60ol} A} H&s)|& +& 4= gk 2
o 8] fAA G BAHE P37 AFNF A
£ 37 gEe] FiHoZ T¢I AHET 2.04%) Lol 3
£ 7800

<23 M HAs) e A AL FAA ¢ F AL
A7k 10008) o] Fo] &8 Hrhe AL ¢ 4 ATk

ojde] Aag T HR A Lol AYH R BF
g AgolA HAsg 78] HalMe o 5ol Hold
t=doi7t BrHoln g Tk A wE E AL
o Fect 29 vldte] H4%4 ¢ EL &L AT ¢l A
Aaiot 27T e 78 & deH, A dngEY g9
54 djgo] FYg FA0 thete] AdPArict =2 8
2 78 4 Stk ol T O dige] AEE e, AL
A AEFod T8 TF Ui WrE TN Qi
AHE AT & Atk 53] AL g S B 5 RS
37} e e e Aol BrAoly) Wil fAA &
e e EFF =T E AR o dETh
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YEE AASAT HWEAT AA 232 Hejo]d Hy
49 e #4E Adstn glon, Ad gAY S A
o At FAE AT Utk EEAM AT e
YL FF3o 4%, £9Y of= WA E ALY F A=
5 ol= 34 % & A sl Ay e W18 7= 3
o fER duEY YN gejd wolve] =9 &
& Hojy Al e £%#2 FARR e AM BEE ol%
3o YIEH T AA 2AE F3A ¢ 5E ol 85t 32
& 4 AU

AR A3 FAR LLYFL A WE AR Ao HH3
S BT 0.8%9] 2ol & Kol 3 & 7& & AUt fhA &
d1 5L EE8A g S S, ol E Mg o
ALz grlehe 59 9 24 BFol 7Hs e Aolck
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