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Abstract : At container terminals, a major measurement of productivity can be work-efficiency in quay-side. At the apron, containers are
loaded onto the ship and unloaded to apron by Q/C(Quay Crane). For improving the productivity of quay crane, the more efficient
Y/T(Yard Tractor) operation method is necessary in container terminals. Between quay-side and yard area, current transferring methods
is single—cycling which doesn’t start loading unless it finishes unloading. Dual-cycling is a technique that can be used to improve the
productivity of quay-side and utility of yard tractor by ship loading and unloading simultaneously. Using the dual-cycling at terminals
only necessitates an operational change without purchasing extra equipment. Exactly, Y/T operation method has to be changed the
dedicate system to pooling system. This paper presents an efficient ship loading and unloading plan in container terminals, which use
the dual-cycling. We propose genetic and tabu search algorithm for this problem.

Key words : container terminal, double cycle, dual cycle, crane scheduling, genetic algorithm, tabu search

1. M 2 2] E&S T A g A el Ak HEE 5 A9

A HE Abo]lF WS o] &35t Folth YE Alo]F Wle

ZAdlold Hrde] Fa A Axe hHelA ] A & FA s AYE Al Fste] ARl A B Y/TY o
Aol & 5 vt "Huldel A= b A4l E84E Fol &ES EolE Aoth HE Alo|ES 29 HE FHd net F
A EF guldate] A 915 gretaz) st dvetd JHA R U Sk Fig 19 2ol 9 Q/ColA skt
AAZE 18 Aere AAss 71EolA M F2% 71E% 3 bayol ¥kl AHEE BAlel sk Aotk F HAIR Y/T 9E
rb ksl ik s D3 e Bdo] 9l ship turnaround time  Ale]E A& thE Q/C7F & Wl s A3l s 4B

o171 el 49g 81 Aok 1 ¥ Q/Cel oal
o}tﬂ oﬂxﬂ‘- o]-tﬂg_gﬂ (Quay Crane: Q/C) [e] X4 o3t A ul—v/] H()]—l:]l_lj_g_i F2 /kEIE,L A

Aol E slste] of= EHE(Yard Tractor:Y/Dell A&  Alo]F3}= Ao g FRET

T3, of=oA o]y AHHE A3lele AYS oAl "t H Zdold Hude] §84 S 5HORE st oY
HE &7t B o] ROl vk Hart o] Fo A Al Hof gl AT R.IAIAelA ﬂ‘j AbolE &go] - A3 HuldoAE
o] ol# gk A4 WAlS A AlelZolgt FET SHAIRE 7o o] AFHI i, f-Evet Hrldel tisiM e =S At
A= Alo]E WAl o 2= Y/TY U4 =7 Q/CY U= =71 8t JAtKF 5, 2005, & 5, 2006). Goodchild and Daganzo(2006)
2 Qe 58 T olQddle 294 E&A FUHE VIdislyl & ARl UE AlelE 9 AUt AAeAE 2435 9
olHt}. EAwE F71A ¢l An] 7 Qlo] £ake] Wzwtow 3 F&% 9 duu]E9) proximal stack strategyE A AIEFIL

x HEAA © AFE (3] ), ceyldd3@hhu.ac.kr 010-6400-7974
t uA A2 0 AA 9 shinjy@hhu.ackr 051)410-4335

- 555 -



Aoy Hude] a&2l 44

u

A& Johnson 7H# 7 wlaLsteict Egk o5

& =
Aol -ede] =lo] ol Ejnlde] mAe IS Pt

stal, ~2EHE Al olE AMEste of=ol e T AW 7]
g8 BFPS ABete] AF A|E HE Ato]EdlA ] Y/T
42 1) 18} THGoodchild and Daganzo, 2007). 4(2007)-&
OhA hd oy =EES vt AAd 9] v dth
sto] 2bq] male] Heloly] AA A3l wet toE Alo]F F
2 ANAAHE AESE TS AAEa, olE f% T 7HA|
ok S Ajteldth  Zhang and  Kim(2009)2

GoodChild and Daganzo(2006)2] A& #Hste] 4w =g
2 By AAskaL, Johnson A W3 A ZE slo]HE]
T AA AEE AASHATE A B3R = st

o] Q/ColA HE Ato]Fo] o= A B E Ale]E 3 3
TE Huslete TAE v vk e AA gedel A
£ 9Y QY YE AtolE EAS g4 QCT Y/T 74
o]F wAZF e wf & Al 2R T w2 EHE B
ALk 2 =l AE o) Q/C 3ol S5 AdS 713

o2A Y/TO T4 +q&S Fol= Y/T 74 AtolE £AE

13 e o
23! =T

Fig. 1 Unloading and loading with double cycling

2. Y/T 7 AOIE

Fig. 2 Unloading and loading with dual cycling

Y/T 74 Alo]Fe A& thE payzlel] A2 o Q/Co 2t
o] FAldl A3l %43t =45 7HE o 7)ssith &, Fig. 23

S kel sl At Ak ok o] sAlol o] Fof

ZF4S $13F Dual Cycle A8

Aofgit, gk bt A2 thE A2 9] ARt tisiA =
T4 AtolF o] shsslith olelgh W] #eio] dgtstA
o] Fol A 7] A= of=ol A o] F7FAR1 A 7F lofof 3L
2Rl 7he] FAY SR gholof Fhrt 1
28 7]19] dedicated B2 oA pooling
of gt} wm=itel A= 715 Q/C dA8AE ] kARl 74
of F7FH o2 Y/T E8o] ¢8lsitta 7HgstAlck

LK
o o K
<
=
lo
Mo
o

2.1 Ml M¥

2 =oA nEe 7Hg R Alkxde ten 2ok
« 2g019] #<]& Hatch T2 o] Fo At}

sluhe] Hatchell WisliAl deck$t hold®] &35 242t 7o)
ool ZEle] Este] 2y & & vk
&t #dAlolli= decke] #Hiol holde] 2hglel A=,
3t ZrgAlel= 1 Hh 2 ZH9lo] o] FoXitt

gk tje] =#Qle] Hdh= Hatchs 145 0]
271 el A9do] nAFEA] geth
« 3 e S mEste] 2] e HaA A9
£ A%k (1Hatch)
« A0l Aee FYUI Aow T3 (FAAS A
ol Jl<ell wldlataL g = oltt)

CY/TS) EGE F Ael2 &

o

LojoF s,

of
2
2

)
s
2
tlo
o,
ki
2
v

ofg wl, i A3} 13)s} Fa} 1317 BAle Uojd
2 182 Aaksel Y/T 59 Aol 959 %

Fig. 3 Work allocation with dual cycle

3. EN9l sy

el A AFE AW Zelel 490N g AL
AgHow Bys s, e Felag BuEL ol gl

2 A AREE Haseke A5 tHRAL dvk Daganzo(1989)

- 556 -



= AFoR o] glo] Huks aefste] A =

= 3del £ FFgee dudEs Agedn a2 &
Peterkofsky and Daganzo(1990)= %38 Al7+e] & # 4 3}3)
7] 9134 branch and bound ¢al2l&S A3 Kim and
Park(2004)2 2@l dAA Ll e 24 2P& AAskL
branch and bound ¥¢ilE]F3 GRASP ¢ig]&5S ©]&3iA]

8-S A A3 EE Moccia et al.(2005)& Kim and Park(2004)
o] 2|88 =A3}al branch and cut Ealg]HS o835t
WS 7|82, Sammarra et al.(2007)2 EFE A XS o] &
sto] e Aess vS sHdE AT

Tavakkoli-Maghoaddam et al.(2009)& A4 7] 8-& 112 3}o]
oe] el Autel] Q/CE EHsls wAE AASHAL, GAS Al
4319 Q/C &Y 4EAE Hrdlete dudES AXES
o} Lee et al.(2008a, 2008b) <13 @ QIzte] 7HEE aiA|
st QCUEAAY Y Ful4 Y& At sioes Y
&S ALt 2 #lelx= Lim et al.(2004), Zhu and
Lim(2006), Liu et al.(2006) Bl& Ato]Zolu 7 Atol&s
aEHA] 2 Q/C LAAZ dial Atk

Az 2gs Q/Coll T3t 24 mAl

717kl ARl A4S a2 st Aol
AolAANE 2 =72 Y/T 74 AtelEo] wo] dojvhAl st
AsNA Aol oFsk 2ol HAAE AIFE g she 3o

N
o ol glate] B 4 SaeFa By A SaeES

=X o
e LI T

i)Y

o
Rlor
d

N

¢

£ Aadgely APTEAE g =11 12 13 14 21 22 23 4|2
o] ki A =l 3t W) v 2 Bk wE
g2 PR FHE xdeh
ge A9 A 11 12 13 14 21 22 23 24
P=|qe, 2 A =31 32 33 34 41 42 43 44
ge. A=A [51 52 53 54 61 62 63 64

I8, 1% hatch deck 3} (1B 14 hatch hold orst
(2B, 29t hotch hota =izt [ 2 I, 244 hatch deck =15

Fig. 4 An illustration of Chromosome

99l 2 =AM SAke] elul glel A w A A
WA $22}= Hatch W&, T W4 $2ks 29 A4S onjsh
ERERICIEEIREEN | BN o B 3 B 1 BRSSP

A AR A ALeFE gurehA erer,

=
AgE et 2ol 5 AolF 4 058 A Bk,

f(x) = Dual_cycle 3

FueFE ANl F4 GuelEe] g A a g
2ol £W ¥ 4 Atk

el =7] A A

repeat{
A& 37h
selection(2H& BF] HH);
crossover(rate);
mutation(rate);

Juntil(F 5 £741)

Fig. 5 Genetic algorithm structure

3 3 At
2 AFelAE Fd Az weh Edwe|ddS A
th FhH o el Ew
AAs7) Sl s Ak Wades A8

U AlYE gtk

8
ArxtHoltt A HAl Akt

= a7e AR uHrE
block a2} ot} block 1Lz} A] blocke] ZL7]€} blocke] ¢
A= el sl AAgdch o)A TSP(Travelling
Salesman Problem)ol Al A}-§-8}= F& APduzbe) wdsk W

ol

[2x}_1]
Crossover Block
11 |12 21 22|23 24 13 14 11 |12 13 21] 22 23 24 14
F =31 [32 41 42|43 44 33 34 X P, =|41 |31 42 32| 43 44 33 34
51 |52 53 54|61 62 63 64 <1> 51152 61 62] 63 64 53 54

T QEAE HE DH) WACE DB BEO AO|X0} A

TEe ol ojs) ZHEC

@

1112 13 21} 23 24 22 14 11 (12 21 22) 13 23 24 14
Sy=|41[31 42 32| 43 44 33 34 S§,=[31]32 41 42| 43 44 33 34
51152 61 62| 53 54 63 64 5152 53 54| 63 64 61 62
[a3}_2]
11 12 21 22 23 24 13 14] 11 12 13 21 22 23 24 14]
B=[31 32 41 42 43 44 33 34| X p=[41 31 42 32 43 44 33 34
|51 52 53 54 61 62 63 64| @ 51 52 61 62 63 64 53 54
Crossover Crane
stLiol 3 3|olo| Y H S M BFICE MBSl I Y[QI2 Lhof o) ZFE D
[11 12 21 22 23 24 13 14 11 12 21 22 13 23 24 14
S;=|31 32 41 42 43 44 33 34 S, =31 32 41 42 43 44 33 34
51 52 61 62 63 64 53 54| uSl 52 53 54 61 62 63 64

Fig. 6 Two crossover operations

- 557 -



Aoy Hrude] 3&4R

1w

A

“

= WA R e mgele 2
crane 1} A] W3} thAlo] H=
A} o]Yd F 71

A3t wA gAeleh,

—

& L

-

1 o] (Mutation)

A gdagES Aldzt AR 255 a7t FEsHA He
A HH kg o] Wolx WA A= wA] A Flu) o
ArtE 6H F@‘:} 2 =RoAe

U=

=4
o %

=]

o]

2
=
i)
L ¢
™
1
)

11 12 13 21 22 23 24 14
=141 31 42 32 43 44 33 34
51 52 61 62 63 64 53 54

ME Hot EHO|
i

B 3919
Hel LHoA Ef

J)I
=12
o=}

SIH =X =

i

o

21 12 22 23
31 42 32 43
52 61 62 63

24 13 14
44 33 34
64 53 54

2413 14
14 (33) 34
64 53 54

12 222
31 (1D 32
59 61 62

S#olo 3

&M 5

e

11 21 12 22 23 24 13 14

41 31(33)32 43 44 (42) 34

51 52 61 62 63 64 53 54

e

glolo| £ =g

B

nijo

mESCE

=
=

2

Fig. 7 Two mutation operations

2

ZF4S $13F Dual Cycle A8

o A7)l wet o Atz
W& AT flolA A
2 EAo] Aeshd Ak A
oA Hed vd QCo FHY
Fig. 82] ¢]o] 1Y & Aoz g As).

Ex

& NE o QC7F FstAl HaL, Ajlo] AR oA
%S AF A oA wgS fl8iAE Fig. 89 of 193} 2
o) ool S Ale) A BAS s A
(@9 QCo FAeA 23]
> =[11 24 13 21 23 12 22 14]
Mol £HE HAISHD 9SE e XIHE L,
—[1 13 23 12 22 14]
P, =[11 21 24 23 22 14]
—[11 21 12 13 22 14]
(K2 o9& QCY FAY &4 mA]
upqmog
1:{11 12 n13 14 ‘:> R= 11 12 13 14 22 23
31 32 33 34 71 21 22| 31 32 33 34
2o el Aelol HZCHE /ool BET A% Aolg BEAZI,
Fig. 8 Two modification procedure
Ao F 7AW el S stak A1 o] dojd
T Atk ol g FHAE v AUE dEEe §58 Fol7]
el W g thest o) akan

2)

Rl AE ol

Az "ol glojef

sl ZEQle] 22 Wr=A] 1 Hatch®l
7Hdel Sl Ao 7MAsTh ulebA

penalty(x) & x7} AKF)E WA 0] e A9, 2
2 gfow Mol dojute Y ks T AVl &
9] 7FEA(w)E F-ete] AFEE Hrrsio)

5) A1®l(Selection)

Al 1 dagFsadA o AdE 183 a8 A
gl Zlolth 9o WHoem AL E Prista FEHo=R
AT =& FAAE o5 AdE A5A7]7] 984 g
vk WHS A8k Th



3.2 EtE Mx| 2125 st A4S o BUln A3t A4S Al o]k WAl o
B A& daie]ES Fig. 99F 22 wWAle= A HUh % S5 gAskE ol 2719 Aduhe wEshs W o))
o 3 a7} = J 5=
Ag oA 27 g gPac 2olale pa 4 N B 8L Tl peHe Gashe el A,
o2 al 958 AHHNR AR, B eAs(1)E 27 oot A depd Al & Saks s W=
s ek ohe WA 7 el A wAel ol sl g T oot WS R S AEA A Bastel ol ke
=2 == HlFH o 5} Al o = Z 0] HFAlO] Okl XA
()% 2t ol% ae da) sl d 2he] ) exg o Ao BHEE SR AR e vlE) YA s e
7 Al zhele LHa A 35l WAl A &% WE ok
W Aeke e W, B AE(T)o £ HA sofop | o Ae T I gl S g
- F ulE AEkE e AR e A
LR [ 11 12 13 14 21 22 23 24 ]
31 32 33 34 41 42 43 44 ]
[111213144 [ 31 32 33 34 41 42 43 44 ]
Ny=[ 11 12 13 22 23 24 ] N =[ 31 32 33 [41 34] 42 43 44 ]
K=k+1
H Fig. 11 New initial solution using diversification
4 e Dexo= AEE Sl ohget Al AEAIA 2 A 7= gl
~E E0|E = =71 el Ad Al AdS FEREAA e FAEA HE /L
NO dede1 Abol & 7137k Aol AUA skt dF|wt &Ekel AetE T
BokA 2 27188 AT 49 FE AlolF 357 9 4
Crerst M) ofet =7 =l A
SR-ah i A F7keks Al A
4. M3 ¥ =Y

4.1 7o Lu2|F A 21

=

512 CPU Intel Core 2 Duo E6400, RAM 2GB 735 E ol A
Javaglol® @Qalda, v 2 AAEFE 7kl Ak

el S A8al ®okt

2348 & ol B7F F kel P B2 ol (NsT)E
B3 Ane dw AN BRAAE(T)E ddoE §, Table 1 The number of containers in each hatch(workload)
thA] 2] A2 z2etele] RS o]% F= AA3ITE whe) Deck %3} | Hold %3} | Hold %13} | Deck I3}
Y F2 sivh gk cherst der] elskel Al2e slg 44 | Ol Hatch 5 16 13 17
51t} 02 Hatch 6 1 16 0
03 Hatch 5 9 7 11
gl 1122022 13 14 3 24 04 Hatch 6 o 1 6
[ 31 32 41 42 33 34 43 44 ] 05 Hatch 17 4 12 17
06 Hatch 15 2 16 9
[ 1112 21 2213 14 23 24 ] [ 31 32 41 42 33 34 43 44 ]
[ 1120 12]22 13 14 23 24 ] [ 31 42 33 34 43 44 ] FARe] 2= 30, WHE 3= 50, WHjES 025 S9do)
N=[ 1L 12 21 [B_22] 12 23 24 ] N, =[ 31 32 41 (342 34 43 44 ] e - o
[ 11 12 21 22 13 [25 14] 24 ) [ 31 32 41 42 33 44 ] &2 005, 2R v 2dl = Stk HE e el
N, N, & X8I0l G2 A0l 2 8840} b g2 M2 sle Pot A= SRS A3k AellA Akl Akl
e mmm s oo Fig. 128 1% 27] ajolA 48 gkl 714 2 ko] 2%50]
e B L an, 369 b F 6232 Solutth shARt AU T Y B
Fig. 10 Searching neighborhood solutions and updating tabu list ¢l #tol& /2 Fdairh =, Age] Sarlztel B2 J&FS
FA FOoWA T AlelE 3FE 373 F7F AATh o] 37
9] Fig. 10914 718 F4do] ZF A#dol &35 & 3] vhge] AdellA] Y/TE ol &&o] Eolirks 3s ofnl gt

- 559 -



3

Dual Cycle 7l

i

kL

‘?,]

- O 2|0 [t % % m 5
- i & R RN N =R
%WHEMN ¥ lolalo|o]e|=
I Y <
AR Ik 5 2
SIEIRIR] T gty & = 2|5z
~ — S AR=RE= SIS 4 KTy 9 o oF e 2ixlgle S| EIR|S
" g5 g SRS v Mo £ o N o=l ool e el erl
b B L2 |8B|= o L o H do Zlz|8lz|8|B|I8|E
O N Y S 28|88 oy B = T Nl g lg|e |z =S| =
< |B|eS @ﬁ%hﬁwﬂ < S| 8|5 ||
. ! @7
% o e o BB do r
~ X T ~
b = ° o _ ) 3
BISIR2|%|5|8 oi_ﬂr%%ﬂrmﬁmo SEHEEIEEERE
0 812|588 &8 @Fﬂ.ﬂ.% T 2|512|8|8|5|5|8
%%M%mmmmll &7%@?% N ~rlelgle|5|28
MMH Q|| —~ ‘WWL zwo T wr = M oy .m mEﬂ% —
i Ao 2 X D gz 2|5
[KeR R Re's] ‘m_-LA_I OF.VQ o#dﬂﬂoﬂl Ma % 777@%%44
§1Z85(E(F|8 gl chc% R BR(SFF|55
E ., algl|z|s Z| = N e O 9 ER + =lalalals
i on bl Il Il e | €] jo a) I~ SRS
um ﬂAT © SERNERCHG & === M ie m = W o= ._7._,_._._ ;3 Mﬁla Wwﬂn S8
h 2 PR I e . _ i
m AEA = S < o = N_.o wl,t BN ol HT Gy X o | =
S0 |z w2 | ot [y s o o | o]
S e o ,maﬂrmﬂlé.mﬁﬂ 4 = R R
2 S8 |9 R IR S mE,i.lz_g Koo 718k ala |
Lal.w E1F|5|5|8|¢ 3 2_ T ! - = % S IR B
=) F [/ B8 < S b= o)) Do < N m RIBRIRIES] < d ]
o (T s|5|=]8| <° AP Y 212_3_1,2_3_BM111
o0 "R - Nln M T N Ok I <+ =219 =l
= X olwlolololw = A o =W = mi] wﬁ 212 |d|ld] <
s NENE o 2, TEL oo 2 o
AN NN < Lﬂ%ﬂ%oﬂ? ~f a mimﬁg
12 N | T oF T 0o
g [8% s15|9(al (o] s ¢ _EE . ol I dp
~ IRIE R M, M M_ M_ SERS o T HF T = T N 2_ w = " 5 X
~ | o — . i —_ ﬂ
— ] | il O el St ) X —_— N — |
@ T — | = — = o o My 1G) ™
o S M — - ™o T — AF = E A Mmu = | B um,d il o N _
e =T ﬂuﬂq.ﬂxaﬁﬁﬂprya GM@QW ﬂo.Aﬂ
h .................... T o = " I H o : 1 ol ) iy g Ww
.............. ! o ) -~ e <
...................... - > ook ! W o W o xm T A g
......... i 5 %%Eﬂﬁ}ﬁﬂo =P e g
w e 9} o) AT = = = faN] — [
v SE SR s =0 > do I or [~ o X O o
1 St = -2 edl ol Xy :.L DE rayl OB = — o | 2D o < lo
P 55 2 B % w ol ¥ X £l2dZ 1 R it
= sk ' % il ol X — 0 ~
ELR L i ¢ wx 45 M X e (3R |w G BT s ol
Pk ' J——— § & oo, ] o & & Y e X o T
||||||||| I I S — ﬂ__\ﬂ — =] e — — ‘a
1 ! » ] | = 0 o o E o N «© —
- K ' g | " = o J@ " pl w oy o = © oA =R
< | is! | CoEE [ 2 K o= il B OB AR o D ~ s GO CIE =S
= oo | S8 ! ! L________ oL ﬂl —~ - = — =
LA S ;_ " g A o= B o 2l AR @ = || = - ~
| g Z g%%%qw%qa s |E]%|2|% TEow R
2 L . Lz °© Nﬂﬂﬁo]%%m%@ © Lwcaﬁ ?Wﬁ.mno .
58 - o EREE R TE T - o5 % IS e
1 __ ¥ g TN 2 R S )
T . ! & X ooy % N o 1= N Doy
- L g I o G W = X = . - ~ ) B =
B8 ELE 3“ Ly ] 2 o T MM = ¥ = BIx - A ) n T oE i)
Iy} 1o 1 (- — —_ _
T4 _ _ : ;g &= mﬂW]meuumerrﬂm‘_omM m,&mﬁﬂ%‘ ei]ank
| I I L e I g R = oy 0 o Mﬁ.ﬁ ~ il s Rk kR =3 = 9 gy . i)
5 | I by a4 — "By T W J AT O T ~ I c = = % <
23 | _ P - ! . aﬂﬂ&o_ﬂﬂob ) o To =) il o 0 5 S
s ! e ol TR N T — K x o 2 [ 8 T 7
— L B | 2 ol m < b o = < |0
[ I ” i | CERYEC) = = F o | ol =
i ! L -4 NS E AT VI
2o I o S s o A o E
T . _ T P L
— ” “ ! g A
= | g ! 4 N
S o I S W
2 SR W G

- 560 -



B A4 A BN §4 A ET s 91
2 5 2l 5ot 20l Aol e

o2 3147 At} A B4t Wold4=
o} Q/C % it B el 2]z} Hojx
. 531, QCHL 4919 o% }

& g ol 497} wrl & 2 4dy
o 7}7to) ii’l%f’% @ el xww; A 79 A
= 71 ol w}aw | 401—2

—+—Tabi h
The number of Dual apuseard

Cycle

300

~m-Geneticalgorithm

250

200 <+

RN JNZ Y i
W

50 o

b

0

91 92 101 102 111 112 113 121 122 131 132 141 142 151 152 153 154

Problem No.

Fig. 13 Comparison between solutions with genetic algorithm

and tabu search

=)
o
2

4 22

o
o
[o

2
ot
N
)
o>
EL :i >
M
B o
oz 30
LY
ol
ol
R3S

=

££4>jg

7]
AT B AR 9] Bl
A A4 ARl 7t webw
St @A) Ha ael A
oA 4 e E e
S|

4 3

r—lU
:<,)1:1
it
i
rlr
J;i
o
o
o
o

L 2o
bt
o e °

=W
s
d
o
ml
o &
2 o Jo

2
Yo
:?1:1'
r oo o -

)
mu Aoz
o N
o = X
=g 2
o
g
o
ol

o
-z
S
flo
g0 X
N

= S e 1 g == A [N
ol

B oo oo

AN
ot

iin)
i
Ll
s
rO
O

o
ko
2
lo,
£
2

My o o
o

g2 Mz I
Bz

o

Y/T

& Y/TEH o] é}%ﬂﬂ sl el of=o] 443 w}a} Q/C7}
Y/TE 71ve=

oM g

28] Boby 849 RS Fopstelof Bk =R V/T 7
Aol Q/C B Aol2E

Aol AHgSRE s A o
£ Al 9@ Y/TRY Aol 2= 4ze ¥ 5 9
o Y Aol Zoltt Tt Aol 2L AHEE ) HgE o

He ojgs] Hex] ATE sok dek

%Oﬂﬂ

il

o 2 8

[1] £43.(2007), “Ado]ldEndel A9 Double cycle 3+
7ol HA Gt starsl|tuistal AA1Ee] =i

[2] &4, e (2005), “ZGAI=Ee Rl wE ZH o]
Yegujdol Ak & HrY skarale)stutsls] x| #4129
A Al1%, pp.97-104.

[3] #-&4, 7&—‘%** 3}511"3(2006) AelolUEnd 24
VEHE  FAke A, sheraalaatels] )7 #1304, lﬂ
6%, pp. 499-508.

[4] Daganzo, C. F.(1989), "The crane scheduling problem”,
Transportation research part B, Vol.23, pp.197-175.

[5] Goodchild, A. V., Daganzo, C. F.(2006), "Double-Cycling
Strategies for Container Ships and Their Effect on Ship
Loading and Unloading Operations”,
Science. Vol.40, No.4, pp.473-483.

[6] Goodchild, A. V., Daganzo, C. F.(2007), "Crane double

Transportation.

cycling in container ports: Planning methods and
evaluation”, Transportation research part B, Vol4l,
pp.875-891.

[7]1 Kim, K. H, Park, Y. M.(2004), "A Crane scheduling
method for port container terminals”, European Journal
of Operational Research, Vol.156, No.3, pp.752-768.

[8] Lee, D.-H., Wang, H. Q., Miao, L.(2008a), "Quay crane
scheduling with non-interference constraints in port
container terminals”, Transportation Research part E,
Vol.44, No.1, pp.124-135.

[9] Lee, D.-H., Wang, H. Q., Miao, L.(2008b), "Quay crane
scheduling with handling priority in port container

terminals”, Engineering Optimization, Vol.40, No.2,
pp.179-189.

Lim, A., Rodrigues, B., Xiao, F.
"Crane scheduling with spatial constraints”,
research logistics, Vol.51, No.3, pp.386-406.

Liu, J, Wan, Y., Wang, L.(2006),
scheduling at container terminals to minimize the

Naval

[10] and Zhu, Y.(2004),

Naval

[11] "Quay crane
maximum relative tardiness of vessel deartures”,
research logistics, Vol.53, No.1, pp.60-74.

[12] Moccia, L., Cordeau, J., Gaudioso, M., and Laporte,
(G.(2006), "A Branch-and-Cut Algorithm for the Quay

Crane Scheduling Problem in a Container Terminal”,

- 561 -



1

Aol Hude] 382 A4 A4S 913 Dual Cycle 72

Naval research logistics, Vol.53, No.1, pp.45-59.

[13] Peterkofsky, R. I, Daganzo, C. F.(1990), "A branch and
bound solution method for the crane scheduling problem”,
Transportation research part B, Vol.24,

[14] Sammarra, M., Cordeau, J., Laporte, G., and Monaco, M.
F.(2007), "A tabu search heuristic for the quay crane
scheduling problem”, Journal of Scheduling, Vol.10,
No.4/5, pp.327-336.

[15] Zhang, H., Kim, K. H.(2009), "Maximizing the number of
dual-cycle operations of quay cranes in container
terminals”, Compusters & Industrial Engineering, Vol.
56, No.3, pp.979-992.

[16] Zhu, Y. Lim, A.(2006), "Crane scheduling with
non—crossing constraint”, Journal of the Operational
Research Society, Vol.57, pp.1464-1471.

Ay 20099 84 10¢
AArgE Y 20099 1049 199
A 020099 10¢ 219

- 562 -



