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A 2% e AT L A 39

o] AolA= & =iolA dAFtstaat st EAlel gk 7] Aol

& 2 D BAC sl 4ol W B ATe] BHe] s LAstad

o 2
=

2.1 7]1& 4F &4

2]
old FoR IFHE EEsk wWeol ¥d AL&E T (mai et al
2005). ol#gk MY 2AF FAE dukgo 7 HlAAE A (Discrete)S! At

23} %2 (Continuous)d) Aoz zbzh dApwm w2 M4 3
1A A7 &A= BAPD(Discrete Berth Allocation Problem)Z} s} ©]
Ale g Ao 3 tho] wivk 93-S 5=l (Imai et al 1997, 2001,
2003 : Nishimura et al) ©] ¥xl& w7} =& Ao Y7} A AHY [

H 113 2ol g o] vl 3 Aot XS ekt



— T
Arrival Ship1 Ship2 Ship3 Ship4 Ship5 Ship8 Ship7 Ship8

Berthing Ship1 Shipé

Ship2

[2¥ 1] BAPD oA FEXE=Z F3dE XA A& (Nishimura et al 2001)

o]¢} w2 BAPC(Continuous Berth Allocation Problem)Z 2]+
A MM (A EA7} g o Fz AAM oA Asle] Aol
o]FolX = FTE EuYS gdeR 3l BAPCE [2¥ 2]9F 2o
Hj7F A o] i glo] o= A =X viAE 4 Jlow g & fA
4= JAIRF NP-hard &

=o1717F o] g@tt(Imai et al

—lN

T8 BAPE oW Aubs g o®-shi=Ael me} Static®t Dynamic
o] F 7pA Ao w2 o] At "y Staticd] A-¢= AY Al A
BE AMulo] et I AlFo] AFETM BE MulEo] T2k o] MubE
o 4P Azte] AAHE 4FS Btk F2 Aure] 277} Av e
Hupe] Eupei Ag Hrdel gael A ATt o] T gt
(Imai et al 2003, 2005).

Dynamic®] Z-%-oll= A& Al Z=FebA] &2 et ojn] =gt A
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2l »a}Oﬂu} oo e sz 7 e A7F (Imai et al. 2001,2005 )
HA7HA o] FolHTh 1EL BAPE Dynamico. 2 #43dto] skt
5 AT A BE A FAle]l At HAHoR FAE A
ﬁi%tﬂ Nishimura et al. (2001) AAJo A 9] F=4]9] Zlo]d u}&
Arb et da Alks Fksle AFE AT A4 A=
:fL VS

L

o] E-A o we} Lagrangian relaxation % subgradient methodZS ©

EstAY =& FAA dagEy 22 H 435 BAVIEES o] &st
= 2 %=Z319 . Kim and Moon(2003)S BAPDo| o3l
T H3 k. ©] ¥ Guan and Cheng(2004)¢] 2|3l Tree
searchs &3l AHe] & AFAIZEe] HASE 9I5 2714 FYEEDS
dHste] A dZAE EAE Fo] selth

L3 BAPO| I\ URE 2

(BAPC)7} A5 A =d Park.and Kim(2002)> wjeo] &5 x| ol A=
H1g-o] Hasts HAHo R bz BAPCH ! o3&l 5kl en Kim and
Moon (2003)<> Park and Kim®] <1l subgradient methodE #-8-AlA 3l
E =3t B3k Imai et al.(2005) Imai et al. (2001, 2005)° 4 o1+
glEl BAPDZS Multi-user container terminal®l]l 4] Continuous? Q1 A}2}o]] A
o] wA® et s Totr] Sl A dagEs AR
Cordean et al.(2005)> DBAPo|A AHH EAEHH F 71X A8 B9
AT sl Adu dA AFE 9% 27kA FelR9It tabu search
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ZAdoly Erde ¢k AdS o] &a] AL HAIE o] FaL
A}t = AlE CAP(Crane Allocation problem)2Z} 3t} ool CAP <A
S BAP9 /¥ EAlR vhFolAal vk dinkgre] AgrEo] A4
2AE"E S v ALE dElelA A silal £AF FEurke st
dute] Bae Fol disiad ds aelshA] ol A A olA] o
CAP7} 3% A= E3F BA &tk dA oo #HE AT 2=

Daganzo(1989) < Branch and Bround 7]&2 o|&3)] F-FolA wje]
of W& & HAsE S a84 A 2A=L el A
31, Kim and Park(2004)%= ¥l2] turnaround time®] A4 3}E 93] 54 4l
E W om Al FE dotoles 2AlE Aol walA Ateith
123l BAPSE CAPY EAl A= i Sage] Ak EAlss
tl Schonfeld et al.(1985)7} &%+ &FH]-&-S HAs et HAof ¢ A
Aol v Cranee] # 2 Z8toll el Agskalnt. A&l 5(1998)2>
Adold A E9S 9% FHEI S 74 dagss o83 ey
A Al 83T}, Park and Kim(2003)°] A3 ZER Ao digh A
AL o] 5 732000yl o8l FEEEH 7S ol&s HH A
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A3 F TR

3.1 BAP 333 =9

o] dolld= A R AUl HA dA AY ZAE 7] fdl A

)
N
fol
il
A
B
2
ot
td
ofk
flo
B~
=
ot
v

3.1.1 Notation

2 ASgAM AL EHE= Z 7|3 ES WS (variables)$t ES

(parameters)® s 4 Qi 0F BEFdE uSy 722 ASe 9

<EF>
w; =1 7o AAEY A=)
a; = w7 o] =& A
d; =u 7o % 89 AIFE
S; = vl ;o] Zo]
Ji = 7o dE W oA Al

pi; =8 ol A A A &9 oigke] whE Al Azt
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g; =il A A A g7 A ggEE ad9

q = AlA ¢ oA ddE = A S

I
__>|’I_'4‘
T
>
o~
o

N
N
o
B

|
iy

I
o2
o
rly

2 NE SR
I I
& X
Jo e
)
o

Il
2
‘1 (
2 2
o
°x
=
1o
b

o) AbA AW (decision variables)Ql S8 HF-ES &3 7},

<AAWT>
C; = wjio s A7k
T;ise 7 1 (f lower left cornenvof vessel rectangle is
located at grid (s,t) by using ;" crane
assignment)
O ‘otherwise
Yise = 1 (f grid (sit)-is covered by-vessel rectangle i)

0O otherwise

_12_



3.1.2 IR

oh g PEo} A4S Ag ANI® Bk Avkel AT A
Hod St A A4 2AZL o) mRd AN 7T & 9
N N
Minimize z= ozEwi(cZ-—ai)-l-BEwi(di—ci) (1)
1=1 1=1

subject to

S—S,»+1 T_Pij+1 2
>3 A vi @
jeJ; s=1 t=q;
N
Zym <1 Vs, t (3)
i=l

S—s;+1 T-p;+ S—s;+1  T-p;+l
z Z by 'xijst+z Z Z P X =G Vi @
jeJ; s=1 t jel; s=1 t

S+S,- -1 T _[7,:,‘—1
Z ( Z Z Yimn _pij'Si'xi/‘st)_(z xijst_l) M=0 Viasat (5)
jeJ; m=s n=t ‘ : jel; !
N S—s;+ pt
Z Z Z z qi}' 'xijsz Sc]z Vit (6)
= jel, s=l =p
‘x[/‘st s .yist = 007"1 Vi,j,S,t (7)

_13_
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3.2 A3 =&

AEF qAE el ol AR FERP e dAE =Ecr] A6
48 HA3 2xZE0IQ] LINGOE o|&3te] Forgtth A= &3t
12% st & Algel 9die] Ag S zﬂr‘e R e a=ads
E e A4S v H8ske] & 8o wjel dis)
13k ol HolHEs Y49 staL %Oiiﬁkﬁ}.

[32 1.] Ak 19 o)y
Noluwa| wammen |sswmen|mss| €2 |20u|ReN2| 2o | Hane| eoy | sewa
1 1 2009-10-01 3:00 2009-10-2 321 4 2 5 3, 4 4 3
2 2 2009-10-01 2:00 2009-10-2 322 B 2 5 3 4 4 3
3 3 2009-10-01 4:00 2009-10-1 415 3 3 5 4 4 5 3
4 4 2009-10-01 2:00 2009-10-1 162 S 1, 5 2. 3 3 2
5 5 2009-10-01 1:00 2009-10-2 534 3 3 6 4 5 5 4
6 6 2009-10-01 5:00 2009-10-2 251 4 2 4 3 3 4 2
7 7 2009-10-01 3:00 2009-10-3 252 5 2 4 3 3 4 2
8 8 2009-10-01 1:00 2009-10-2 384 3 3 6 3 5 4 3

o) ARE WROR HHS vPOw W Roluw o Fe HE
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Model:

Sets:

Ship: a, s, w, c;

opt;

time;

loc;

assign(ship, opt, loc, time) : x;
grid(ship, leoc, time ): y;
alt(ship, opt) : ngc, ptime;
jst(opt,loc, time);

endsets
data:

shp = 10;
len = 12;
tim = 15;
tge = 9;
m = 993995;

ship = 1..shp;
opt = 1..3;
loc = 1..1len;
time = 1l..tim;

3242153132;
s =43335453653;
w=3 3122132221 ZL;
d= 10 9 9 10 12 13 14 11 ;

L I R T

~

MMM WS WD
W W W kMW

Ptime = 5 4 3

G U R I (R T )
W W Ww oW
Wwwhn BN W

enddata

@sum(cime (t) |t#GE$a (1) fandétiled (tim-prime(i,3)+1) : (v4poime (1,3)) *x(1,3,K%,t)))) = c(i));

@for (ship (i) :@for (opt(j) :@for (loc (k) :éfor (time (t) : (Bsum(Lloc (kk) | kk$GESkFand$kkELES (k+s(i)-1):

€sum(time (v) |viGE§c#andiviled (tiptime (1,3)-1) 1y (i,kk,v)))-peime (i, 3)*s(i)-(x(1,3,k,t)-1) * m) >= 0)))):
@for(time(t) : @sum(ship (i) :@sum(opt (j) :Esum(loc (k) | kile# (len-3 (i) +1):

@sum(cime (v) | v#GE# (t-prime(i,j)+1) #andéviledtingc(i, 3)*x(1, 3,k v)))))<=tqe);

@for(ship (i) :@for (opt (j) :@for (loc (k) : @for (time (t) :@BIN(x(1,3,k,t)))))):

@for (ship (i) :@for (loc (k) :@for (time(t) :@BIN(y (i, k,T)))))

end

[2¥ 5] LINGO

iR
)
)
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(chromosome)?] AW, AL (fitness)

Apol4 o] gle}

: v (population))

2. A(point)°] o}l t}# (multi points,
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3. G ¥]-§ HH(fitness function)E ©]-&3}H, blind searchg %
otk (keI e FUEAQl A AE a9tekA] ke,
4. 2B A qFHo] flaL FEA AAAE AREste] FalE T
oj¢} A2 SAS JHor & HAS "@AVIMelY 2 HA s}
WHE Zo] Aitel] &g W vl 94 g 72 7hsAdol
o tE HAs) = el dla wE AgAkE THHeR a8
Aol

o AgelM = oy A Alfx sl HitskAl Edal NP-
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2009 9 1 2 | 2009 9 2 21 | 29| 1277 | 2 | 15 | 3 | 15| 4 | 15 |NGLS-36
2009 9 1 22 | 2009 9 2 23 | 22| 84 2 10 |3 /10| 4 | 10 |[MOTA4
2009 9 1 7 | 2009 9 2 7 351 1129 | 2 | 13 [ 3 [ 13 | 4 | 13 [XNHR-9
2009 9 1 10 | 2009 9 2 6 18| 1224 | 2 | 14 [ 3 [ 14 | 4 | 14 [HVDK-1
2009 9 1 10 | 2009 9 3 2 24 580 2 7 3 7 4 7| AKAQ-2
2009 9 1 15 | 2009 9 3 20 18 1294 2 15 3 115 [ 4 | 15 [NBST-54
2009 9 2 12 | 2009 9 3 20 1 30] 1214 | 2 | 14 | 3 | 14| 4 | 14 |ASPO-12
2009 9 2 9 | 2009 9 3 21 |21 ] 1576 | 2 | 18 | 3 |18 | 4 | 18 |AMAY-3
2009 9 2 16 | 2009 9 3 7 33 1186 2 14 3 1314 [ 4 | 14 [HHO-4
2009 9 2 21 | 2009 9 3 7 19 1616 2 18 3 118 | 4 | 18 |ASCG-71
2009 9 2 20 | 2009 9 4 7 20 917 2 11 3 |21 ] 4 | 11 |ANLA-16
2009 9 2 8 | 2009 9 4 7 18 | 637 2 8 3 /814 | 8 |[MUBR-1
2009 9 2 8 2009 9 4 4 18 1264 2 15 3 |15 [ 4 | 15 | HSXG-5
2009 9 2 17 | 2009 9 4 15 32 750 2 9 3 9 4 9 |NHST-56
2009 9 3 8 2009 9 4 6 29 775 2 9 3 9 4 9 | NCHT-5
2009 9 3 21 | 2009 9 4 23 21 1356 2 16 3 116 [ 4 | 16 | NNLL-4
2009 9 3 6 2009 9 4 22 16 663 2 8 3 8 4 & |APHI-15
2009 9 3 17 | 2009 9 4 15 33 819 2 10 3 (10| 4 | 10 |OOQD-6
2009 9 3 22 | 2009 9 4 8 21 638 2 8 3 g 4 8 |NKST-35
2009 9 3 21 | /2009 9 5 14 19 648 2 8 3 g 4 8 | ESKO-5
2009 9 3 22 | 2009 9 5 Q 21 928 2 11 3 111 [ 4 | 11 | ASNZ-2
2009 9 3 10 | 2009 9 5 22 32 629 2 7 3 7 4 7 | SIFC-1
2009 9 4 21 | 2009 9 5 0 26 1508 2 17 3 |17 | 4 | 17 |AHBC-36
2009 9 4 15 | 2009 9 5 22 | 31| 537 2 6 3 /6| 4|6 |VKT1
2009 9 4 22 | 2009 9 6 4] 32 801 2 9 3 9 4 9 1DYDJ-32
2009 9 4 5 2009 9 6 7 30 749 2 9 3 9 4 9 | CAPR-2
2009 9 4 8 | 2009 9 6 0 23 | 760 2 9 319 | 419 [NSUX-35
2009 9 4 10° | 2009 9 6 23 | 20] 1429 | 2 | 16 | 3 |16 | 4 | 16 |OONL-7
2009 9 4 15 | 2009 9 6 1 16 | 816 2 [ 10 | 3 |10 4 | 10 |[NHYR-15
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| 2d9 2w ek 1AHY A5 AN S
A g o | w4 | A | an g = | A
Seenario | ez |z | ane |anc | aran [T gn | ans
1 5.81 0.21 0.04 0 5.2 0 0 13
2 7.01 0.5 0.04 1 6.31 0 0 14
3 5.46 0.12 0.2 1 5.12 0 0.12 12
4 5.9 0.16 0.08 2 5.53 0.18 0.02 14
5 5.78 0.19 0.16 1 5.41 0 0.08 13
6 6.54 0.12 0.2 1 6.37 0.05 0.1 10
7 5.59 0.2 0.12 1 5.07 0 0 12
8 5.67 0.18 0.08 0 5 15 0 0 11
9 5.71 0.21 0 2 W 0 0 11
10 5.74 0:3 0.06 1 5.14 0 0 10
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1 5.62 0.14 0.04 0 43 0 0 13
2 6.62 0.4 0.04 1 8:3 0 0 14
3 5.22 0.06 0.2 o, 3.92 0 0.12 12
4 5.52 0.1 0.08 2 4.42 0.12 0.02 14
5 5.2 0.12 0.16 1 3.94 0 0.02 13
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7 5.2 0.16 0.12 1 3.96 0 0 12
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The berth allocation problem with quay crane in container

terminal

Won Bong Lee

Department of Systems Management & Engineering

Graduate School of Industry, Pukyong National University

Abstract

This study considers how to assign berthand crane “in a container
terminal to a ship for more efficient schedule. This study is a constraint
satisfaction problem in which cranes and berths should be assigned in
such a way all the space and time constraints are satisfied without any
interference. First we 'made "the mathematical model for the decision
making. It includes the three CC(Container crane) assignment ' options
for determining which one- is. more efficient allocation. Then, using
LINGO software, the optimal solution for-the mathematical model can be
found. A numerical example is given.to verify the-model and its solution.
Futhermore we developed a GA (Genetic Algorithms). And we compared
the results of GA with LINGO optimal solutions using a real data from
Pusan East Containter Terminal and it showed that our study can derive

a schedule of satisfactory quality.
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