O3 (Multiple) oF= AL E&3ZQA P& AT
A 4=719KScore-based) 2] 8 A (Dispatching) =3

An Efficient Score-based Dispatching Logic for
Operating Multiple Yard Cranes

Do-kyung Kim', Keyju Lee?, Dongjin Jeong’, Junjae Chae

12345chool of Air Transport, Transportation and Logistics, Korea Aerospace University

The need for automation in ports is growing, and a strategy gaining attention involves automating
through retrofitting methods to enhance productivity while maintaining the flexibility of rubber-tired
gantry cranes (RTGC) in the port. RTGCs offer greater flexibility than rail mounted gantry cranes
(RMGC) as they are not fixed to specific container blocks and can move to adjacent blocks.
Therefore, an operational strategy is required that can adapt to situations such as changes in the
number of cranes for efficient operation. In this study, a score-based dispatching logic is proposed
to efficiently allocate tasks for port yard cranes in real-time. In this logic, scores are calculated as
the sum of appropriate weighted values for various factors, and tasks with the best scores are
prioritized for execution. Comparing the performance metrics with other dispatching rules through
AutoMod simulation, the superiority of the score-based dispatching logic is confirmed. Also, it is
found that inter-block movements of RTGCs can improve key performance indicators in port yards,

such as turnaround time.

Keywards. Container terminal automation, Yard crane dispatching rule, Rubber tyred gantry crane,
Multiple yard blocks, Multiple yard cranes
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L1 a7 H73

vl AA 7o T3] 99% ol o] sl Tk Jom, o] F 60% oldo] AH ool o &
2 ARY. F. Liu & Lee, 2019). g o] %%%k% A& o2 FrIskal e (Ministry of Oceans and
Fisheries, 2021a), ©]ol w2} A ol &vt =} b =sbska Q).

guko] Al AH|Ql o= aaﬂ Q12 = A RMGC(rail mounted gantry crane)$} RTGC(rubber tired gantry

crane)E FEE F ot Y-S VMo R ok & YT Y= RMGCe= As 3ol fel8kA T A

FAA AKAZ )l A%OPEPE A4S Zteth Bolo] 7Hke] RTGCE A o8 o] 3&H£ 57 g A

ok ol AAdu|go] i, EF I ol A &3 %ogé =9 F dvke AFol A
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(a) Rail mounted gantry cranes generally do not travel through blocks
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(b) Rubber tired gantry cranes travel through blocks

Figure 1. Operational difference of rail mounted gantry cranes and rubber tired gantry cranes

—_

B FuA A= RTGC7F vl x| H o] Atk RTGCE & A58 &atol]l A X5 = RMGCeo B3|
F& ALY AEE e AR ZEdEs 54 E50 1SR e 7% &9l Thedtthe Aol
oleldt F4d< Fussty] flel A= RTGCS Assrh A=52o2 aejsojo dtf. -2uehs
AARA7]Q 1970~1980 Tl o]l A AL HFH o2 AMG o, 2030 o= La o) AHEE v
A E v Eo] 50%S Fo] A " tkMinistry of Oceans and Fisheries, 2021b). =% &wte] RTGC #+
&35 FHIsH] #13) st=dold AEs A" TledTE 219E vt °}°fﬁ(Globa1 Logistics Research
Institute, 2009), HZol= &9 L AZEY S ZHRAE £33 7ed 7 AP K Ministry of
Oceans and Fisheries, 2022).

%
=

AAAR Bl d--F A 28’ F5AF Navis(2023)7F AHE3F Elrjd o] A4 B TE 7|EAE S A3
M Z(retrofit)sl= Aol B ALY = IS8 A A Z(Port Technology International, 2020)2 Z &3}
of, o= vlad AL v&o 2 RTGC 59 7|& ZHlE /N ZEdte= 253t deo] 511 9tHKorea
Maritime Institute, 2020). =3, T, T5AY 9 MAAGAAE A, &F A4, A4HE SR
$% RTGC #5380 #41S 7}A ™ A (Navis Collaboration Center, 2019), &-&2 ¢l 253} RTGC +3 =23
of g A7 8= QAT



T A3t RTGCe 5421 ZdAY £5 3t o5 E5 & & +F dFe f494
o7 g3ty Y3 47t 2AwiA 22| (score-based dispatching logic)& #| A gtk RTGC2)
d& RMGCe] &@ollA dutdo s F tjo] Aglo] 3t ofe EFoiA LBHOE ALREHE
tHlET B AFodAs A7 A 229 des Flstr] 918 AutoMod AlEd ol S
TA%H 7 e AH el EFA HA 3o, HA vl Y Aol A FE SAE S HESHH,
Ef ZAduiA 2 Ao BluE Fa Harivk e =22 o S FIdh

2.1 k= =¥l 2A 2% (scheduling)

ol Il 2AEHL BF=F vl =& NP-¢d FAo)H(Ng & Mak, 2005), #A412 =71(Z<d <
o} Ao Aozt AAW 7bssf(feasible solution) ZxF el A<l A7 Wlof] Zophd & gith oft
Al 2A=EY A sHoptimization) A E A3t g ATl gRtd oz TAAFTAY FEn
de FA% H, By 22 HAexac) Y F, B AGHHNE Fold F e LTAF
(heuristic) & AA ) o= A 2AEF L F to ZeQl F, E~-UA>Gwin) of= Z#E 1] &Y 3
7t 7Hd b o g AFEa gtk 28y RTGCY 4 o542 54 e oy 59 A9 oA
7 o o] el A Qle] FAIN At &S 7HsshAl S (Sha et al., 2017), A1 3t FEAE(FE
< a#3oF st thE(multiple) k= FA#H ALY FA A= 2A=EE A EFX=7F 0% F7HoHChu
et al., 2019).

Briskorn & Zey(2018)= E ] & nxHcrossover) & 1(o}#l) Figure 2 3)e] A AIZHE HAas st 9
3 EFATFAY S FAS FH, A 3 AE HS 28T 4 = 28" 2 d(graphical mode)S &8
g 1Hd H(heuristic) sl & AASHATE FA lAS 1% AFAZAAZD ofd Ho 16712 AHS F
gat7] A HAHME EEFF o, HaH fES A&t A 327 APl g AFdHHE ==
Aot olojx = AF(Briskorn & Zey, 202009 4= ZAH oY o] FALA A HASE 9% BV du
g 5S AP on, 1AL ool Hol 107 2ol oigh HZsl e o) 2571 2ol gk A GH A&
=239t Chu et al.2019)2 F ZHolY EF oA mxat E7FsdHnon-crossing) Al the] & l(o}eH
Figure 2 ZFx)ol st FES WAL 2 7MY HA88H7] 9 EFATAY R3S FA4T
H, 2 E =F57] AT 71 agES AASAT AT AFAAAE 2AZEY] EA A A FAIZE o]

el Hh 1278 2Fhel ok HA 2 2AleSs =&

ol
-

}_,

# K
(AT —ozacsz7a | é—l
s - 74 ! %
» oy I A .
[ # 1 .
(a) Triple crossover crane (b) Non-crossing triple crane

Figure 2. Typical configuration of triple crossover cranes and triple non-crossing cranes
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H 2 2 ol Ao HA ZAAAY S AASHA o] & oo o] A AFAY S ¢t on,
<= 98l A =F<=(first come first served : FCFS) ¥ # < (nearest first served : NFS) 2t 4ujA
WE 7183t Huang et al.(2012)8] AFAA = g 7o) E5 ol vixd g tf ok= =8
< 7M. AF AFolA = A t7IAREE HASsH] 93 A "H(modified) A* date]E AA
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dute] 30 T AFAL AA ERE FA FAs

2.2 of= Z#E A ZHPulA 2 (dispatching rule)

ZHAu A FHL AMul2 gi7] A ™ol 2AY FolA 2oz A 2y
o, HAH s BAsHA g AN e 544 1 de AdA A
% 9)tH(Blackstone et al., 1982).
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o] N7t W A3 4(gross crane rate) A % W3 E mo|AHS B Al

o AAHAAD HHHE Aol AAete 2P FAEHE =ole Zlo] AeARE MAHLE o]
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P. Guo et al. 2019)2] AFANA = F /MY AEH oY EFo] EAstH Z B9 F teo] EY o= =Y
Qlo] Hjx & FAHo|A of= A FAuIAHS &35t A T dTNA=E F EF
Z A9 9(handshake area)= Fo ZH|U S &5 7t o] 50| 7Fe3t s 3t 5% 43S 18539
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w712 Aol A A5 BET 2 U5 AFAY A% el B AFolAE Aol
U 852 TN 3gRAY, £Y A tiee A @ BRE oo oA 332 AEdtg

H AP B FY AeAA threl mE HEAW AYMY 2He) 2 axFo] HgD
A gov, o8 F3 A AYAY 2Ho] hd BHNA BF 2HL B A
2 489 5 e HAT B ATNAE RIGC 221 AHEate] B2 31 o] Fo] 7h5a 43S
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BoARo, B2 11 ool A 299 Bobs T Aol A5ATE vlushs] A Akl o8 )
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A" o)l &gvte] 2= Figure 3014 &0 = Y= FHI (European perpendicular) @ o]o}-2-3} o}A|
o} & (Asian, horizontal) #lo]o}$-0 2 FEE %= HCarlo et a 2014) 2 AT I AdeH oy B
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Figure 3. Typical container port terminal layouts
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Figure 4. An example of three non-crossing yard cranes and in two container blocks
2) ok= AH Rl EA4

2 AFoNAE F Y dHelY B5 ol H4 3 di 8 Aol v ti7hA] 9] RTGC of= A #<le] &4
B AEs st 7 o= ﬂﬁﬂ?l% A2 naHcrosE 7 foH, TELAE fd HA& F e wol
E fAsNoF &t 7} ok A1 RTGC FA% o5 8= wtdste + Ae oy &5 3

55 3tk ZF ofe Al g Wol shute] Aguks AYd ¢ don, AYS vl =
A AL Y8 R AA 73 ok FE el H8H £5 U 74 AR = Table 1
kel 2 of= I AL YL wlo] o]F(xF2] gantry drive), 2% ©]&(yZF2l trolley
drive), & ©]&(zZF9] hoist drive)2 F25HH, 253 yF& A9 2 ole Zlo] 7hsstARE %9 3
P2 29 yFol BEE o]Fo AEHOE HIPJrh

Table 1. RTGC specifications on speed, acceleration, and deceleration

Category
Speed(m/min) Accel.Decel.(m/sec?)

) Rated load 90 0.25
Gantry Drive

No load 130 0.24

Trolley Drive 70 0.33

) ) Rated load 25 0.28
Hoist Drive

No load 50 0.28

3 Aol 54

B Ao AFL3 2 AAEE T ZAJEA HE S vl 249 3 Aoy dulo|A 4=F
3 HolHE TAZ I ZjEﬂO]L% 2 Wl‘i—oﬂ =

2 'lﬁ}E ‘?l?j‘ 2Zkd& A 4=E E(exponential
WhE2k}jo] A E T A
Pl

287 *lﬂﬂ%oﬂ UJrE} 347:‘51+i sttt A= %01, - 74Eﬂolbﬂ E5 Yol Al 9] ok A<
dE AU oM e Ao EJA BAH =R 610%, HA ié}/\] 5,583%0] dl}e] Hkyl Fo
Zy "oy o] X772 7 3 H(empirical) 32 (H 4 0.25Y, Ho 28669 )8 WET. H 2w
2L AP FAEH] =97 SSHAEAES ‘%‘g)oi ¥ o FEEY, S o
Hl &L (635 : 36.5= AAH3}ATH
Lty EH & Aoy Aol EAske HH oW ES ol A7 A3 F(re-handling) 24
TP, J %71}0] ZA et 7 AT EFE ol FHAE AHET 7 wo]
ZHbuffer)< Y o]l Wl AFHFol A 7heEt s ST W e RES 98
oft o Z=E3H X}‘%k% gk Mo sty HElojyRt A& F Ade ASE A AT
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2 AFA AASE Ag7Iek g 222 xeFe] @ "ERI(turn time ¥+ turnaround time :
TT)° Haslste 2s HFEE St B AFdA AEHE AL SSHYE AT k= AbRK(yard
truck)?} 9] F-2}#F(road truck)e]l o, B HEFY At Al F FT/HL Ao BT J_E’iﬂﬂ 2 AT
A BEFY S ot Figure 50l dlAE A3} o] AZ
Ol X17“(end)77‘fxl 4849 *lﬂgi Aol gttt A}Fo %E}% o= 01501] R /\lﬂ A X l(Hﬂol) =

o AsAse 40 Aoee B Sae

Block hj Block

YC1 § YC2 YC3

. [ ™ .

Start End

Figure 5. Explanation on how turnaround time is measured

4 A5 AP 27

41 "9 74

lii
=)
ro
= b
ox

off
=
mTS
=
FTF
o
o
<
‘E
0
i
e
T
QE
2
o
)

oA A A5 BFrrskr] gAY
A, 7] A# Y=} 2

lo
N _[o
2y
Ay
fo
r (
2
U
he2)
-0,
_\-‘L_L
_QL
[-'\1 s
)
L
e
o
lo
N
&

Y o rr o E
o N fo
g
Qﬂ
X
W xe
o
rr
in)

ol
o
Y
=

fo
b
oo
c

il
g,g:{c
o

iy

£ AT AN ThF ofE AuAe] AT AuE 2A o) AgHE w7
AAE whsh Aok A(D)Y B wole AFE AGIAR, o] F AT BE B AT

BT ARUDE B4 AT RE 54 AR Aol ADE s AT AAAHWDE 2
ol Y A AAA Ho] 2 ALH Y, A LINKMPDE 5 ZdUe] /189D 4GS =
gFstel AR e Aol UF HUS W AMEDHE AY22AZ F, A TR Aol FRFIIAX
o dg 22ARE olRl@Th AHFANRDE 2o AY HolHE Suow Aag, JUg Juge
FEotol AREE A gt £ AP Ao HHArDNE HasHE Ae BE B



Table 2. Notations used for constructing the score-based dispatching logic

Notation Definition
D Distance Number of bays from a crane’ s position to a job
AT Arrival Time Vehicle arrival time to the system (container blocks)
wT Wait Time Current time minus a job” s AT
ST Start Time Time of job start (crane arriving at the vehicle’ s bay position)
T Re-handiing Time Expected time for re-handling for a job
RT ~ tri(40, 90, 458) < (number of containers stacked on top)
) . Expected processing time of a job using a crane
PT Processing Time PT,, = RT+PT,,,
cT Completion Time Time of job completion (vehicle leaving the container blocks)
TTr Turnaround Time CT— AT

2 AT Hpruk A 22 oA FHscore)= o 2Dl e
WD), FAFEQAZHPT) WBS(factono] i 4= Fojdh 7z
normalization)& 283t 03 1 Afo]9] gro 2 wWEsh —.4 Haes AL AF&8LE T 4219 JERG
A o] 24 Wpele 7Fe A, 6, )7F Wl A Hall AW, A7t Gers fET Yoz dddn. o
&t BAAM Y HA TR 29 (o, 6, AEHIA ‘Gé.—% ol =<3

hul

A3 2ol AZ(D), H7IA

Rl
= A 73H(min-max scaling

o

H
3=
=

Score (D, WT, PT) = ax D+ 3x(1— WT)+~vx PT o))

4.2 A9 At 2 AAuA

PR xl—@o] /\g/\—]E]7,‘il/‘|_ of= ELH]O]Q] Zho] AT FHIUS W, 7 of= =g el ¥ S FH S
AAstr] Al Hprinke] AAujg 2a4e ARSI A At o3 AAuAE 2 A F A A=
Sa AFEG. 3 WAL AU AU BIIE AGolsl, F WAL TA THE D F D
H=7b Zo(zho] Ze) &S MuEst= Aotk

) 2~=

A& Adtete AlA Y ZER] fIXE 7Ive g Ae oy B59 ¥9S of# Figure 6ol dAl€ A
o] TR 5 Atk A E IHA 1 FH(Areal)o] EAEE FHPL 1H of= I A(YCHT HEE
F don, 49 F9(Aread)d FHLe 3 of= ZFANYCHT HIZF & Jdoh. B AFoAes wluzt
(non-crossing) e} AH AL 7IASEE, HEo] H¢ A4k glo] 1H JHo] 2o 1H Fe oz, 4
H Fde AL 3 Agles gt vkd, 7 o] A Rle] AT F Ae 28 FY9(Area2)# 3
H d 9 (Aread)ol] EAsh= 2P, Mg AS 58 daF oz of= I e 3o}
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Figure 6. An example state of 2-block 3-crane environment
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o Table 30 AAE oI A & Figure 634 22 gl A A the] ok= =ello] BF /He4ed e 7Hd
Aot Y Fel A 2 Tl Aol FIFEE A FIA Y F LYY AP s AYe
A 4 Avh. 7 WD, PT, W& 7+ min-max A 73t7F 285 o] 03 1 Alo]e] gho 2 yepdth &%
A FAT 4 A%, ZEAed 95 FRE FYGArea) 2P AAAE X Bay)el whet G5 A5t Ak
HA g AA-2dAUob-YO) =3o] EATT. HF HaE 7Ivte g, 1 okt 28 JA(YCDE 1H &4
(JobDE, 29 o= = A(YC2)L 2¥ 2HJob2)=, 3 of= = A(YCI)S 4H ﬁ“(]obll) Ao,
o} Sl H0obI L ThE AL AHCLE Aele] k= awRlo] AARE w Hol BN 23
JEEIEEDE EEL
Table 3. An example of normalized score calculations with (a, B,7)=(1,1,1)
Normalized score calculation
Job |Area| Bay YC1 YC2 YC3 YFZ W Final Exneocite
D PT |Score| D PT |Score| D PT | Score | assign score

1 2 | 15 10.052]0.219 | 0.271 | 0.513 | 0.585 | 1.098 | - - - 1 0 0.271 | TRUE

2 2 | 35 |0.564|0.514|1.055|0.154 | 0.291 | 0.446 | - - - 2 0.235 |0.681| TRUE

3 3 | 65 - - - 106150516 | 1.131 | 0.410 | 1.107 | 1.517 2 0.601 | 1.732 | False

4 4 | 95 - - - - - - 0.154 | 0.841 | 0.995 3 0.002 | 0.997 | TRUE
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Figure 7. Flow chart for the AutoMod simulation model

(@) Top view of the 2-block 3-crane simulation model

o

(b) Bird’s eye view of the 2-block 3-crane simulation model

Figure 8. AutoMod simulation model constructed for experiments
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B o2A¥e W3y3 74 13th Gen IntelR) Core(TM) i5-13600K, 3500Mhz, 14 Cores, 20 Logical
Processorso] 17, 32GB Wl 28] & AL83Fth AutoMod® x64 14.52 o] &3l A|EH oS FASHYoH,
Z 65

Table 4. Experimental environment and time

Specification

Processor 13th Gen Intel(R) Core(TM) i5-13600K, 3500Mhz, 14 Cores, 20 Logical Processors

Memory 32GB

Simulation AutoMod® x64 14.5

CPU time 125.365 sec
52 43 AUl

ool A AASE Ao Ay 2ae) meHe Sy 8 FAS A Avees ol
Table 50 Aed nmiel Zoh 471w Zguid 22 (Score)e] vl o zEs A2<=(FCFS), H+H
(NFS), #w+3-& Al 7H(shortest processing time : SPT) ZAviA4 +2 S AF&3FYG T Az X @HH A T

AE Ag A9 520 239 A 2AUZ 442 dRBh HoH Ay TR 4 B30 2
S A9 F okE Tl mHel Al ke AU SHAOE ARBT. ADTAANT ALY
[e)

FHE A B ZAFE AY F 28470 MY B AOE AFHE YL WA e @

Table 5. Scenarios and subscenarios with different number of cranes within two container blocks

Number of cranes Cranes switch blocks Cranes do not switch blocks
Dispathing rules 1 | 2 [ 3] 4 L D @ 2
FCFS First come first served
NFS Nearest first served Scenarios are created for each matching combination
SPT Shortest processing time
Score-based dispatching logic to Scenarios are created for each matching combination
minimize average turnaround time Further subscenarios are created to find the best weight
combination
Score
Score-based dispatching logic to a=10,0.25,0.5,0.75, 1]
minimize maximum turnaround time 5=10,0.25,0.5,0.75, 1]
7=10,0.25,0.5,0.75, 1]
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Table 6. Average turnaround time for different («, ;) in 2-block 1-crane scenario (unit: sec)

AN 0 025105 (075 1 |gN\J] 0 |025]05(075] 1 |pN\J| 0 025105 (075| 1 |pN\J| 0 [0.25|05|075] 1
0 | 615|637 | 722|712 |821 | O | 615|636 | 637|669 |722| 0 | 615|638 | 632 | 637 | 677 | 0 [615|618 | 636 | 627 | 637
0.25| 655 | 675 | 728 | 731 | 733 | 0.25| 656 | 643 | 645 | 670 | 682 | 0.25| 638 | 628 | 650 | 655 | 654 | 0.25 | 642 | 634 | 620 | 628 | 645
0.5 | 757 [ 766 | 775 | 764 | 793 | 0.5 | 655 | 696 | 675 | 675 | 728 | 0.5 | 649 | 647 | 664 | 669 | 675 | 0.5 | 656 | 645 | 643 | 648 | 645
0.75| 803 | 806 | 831 | 774 | 898 | 0.75| 694 | 713 | 745 | 709 | 783 | 0.75| 655 | 675 | 671 | 675 | 690 | 0.75 | 657 | 667 | 649 | 667 | 650
1 | 828 836|823 883|917 | 1 |757 |728 | 766|749 |775| 1 |697 | 711|716 730|721 | 1 |655| 670|696 | 662 | 675

(a) a«=0.25 (b a=0.5 (©) «=0.75 (d) a=1

Table 7. Maximum turnaround time for different («, #,~) in 2-block 1-crane scenario (unit: sec)

8 Y10 [025]|05 |075] 1 8 I 0 025/ 05 (075] 1 B 7 0 102505 (0.75| 1 8 Y1 0 |0.25| 05(0.75| 1
0 |5090|6191|7836 (6737|8428 | 0 |5090|5923|6191|7117|7836 0 |5090|7396|6509|6191(7140| 0 |5090|5546(5923|5458|6191
0.25 |3345| 4254 | 6548 | 4708 | 4564 | 0.25 |3595 3373 |4309|4737|5011| 0.25 |4074 (3701 | 4108|4124 |4737| 0.25 | 3973|4456 | 4528|4124 | 4875
0.5 4546|4890 (4378 |4028|5225| 0.5 |3345|3483|4254|3783(6548| 0.5 |3679|3973|4441(3537|3960| 0.5 |3595(3626|3373|3741|4309
0.75 14964 | 5123|4790 | 5407 | 5467 | 0.75 | 3498|4509 | 3914 |3882|5257 | 0.75 |3345(3521 [3356 (4254 |4618| 0.75 | 3441|3542 | 3904|4934 | 4128
1 |4822|5210(4888 6185|5793 | 1 |4546|3444|4890|6843(4378| 1 |4282|4360|3546(4238(4679| 1 |3345|3542(3483|3466|4254
(@) «=0.25 (b) a=0.5 () «a=0.75 (d) a=1

Table 8. Average turnaround time for different («, ;) in 2-block 3-crane scenario (unit: sec)

AN 0 025105 (075 1 |[pN] 0 |025]05(075] 1 |p\J| 0 [025]05(075| 1 |p~\Z| O [0.25|0.5(075] 1
0 | 401 | 388|388 |391|393 | 0 | 401 |381|388|386|388| 0 | 401|383 386|388 |385| 0 [401|387|381| 389|388
0.25| 398 | 384 | 388 | 391 | 393 | 0.25| 403 | 385 | 385 | 386 | 389 | 0.25| 400 | 385 | 390 | 383 | 387 | 0.25 [ 406 | 383 | 383 | 386 | 383
0.5 [ 402 | 384 | 384 | 389 | 393 | 0.5 | 398 | 382 | 384 | 388 | 388 | 0.5 | 401 | 384 | 388 | 383 | 386 | 0.5 | 403 | 384 | 385 | 387 | 385
0.75 400 | 385 | 386 | 391 | 391 | 0.75| 396 | 382 | 382 | 387 | 388 | 0.75| 398 | 383 | 387 | 384 | 389 | 0.75 | 397 | 387 | 379 | 387 | 384
1 | 400 | 380|388 |385|394 | 1 |402|380|384|383|384| 1 |404| 385|383 382|385 | 1 |398|384|382| 381|401

(a) aa=0.25 (b) «=0.5 (¢) a=0.75 (d) =1

Table 9. Maximum turnaround time for different («, 3,~) in 2-block 3-crane scenario (unit: sec)

AN 0 1025105 (075| 1 || 0 |025|05(075| 1 |p~\I] 0 1025|105 (075 1 |[p\| 0 |025]05|075| 1
0 |33792449 (254828972772 0 |3379|2341(2449(2590(2548| 0 [3379|2581|2289(2449(2502| 0 |3379(2960|2341|2415|2449
0.25 [2089 (2119|2703 (2916 | 2772 | 0.25 [ 2825|2316 | 2654|2421 |2675| 0.25 |2891 | 2300|2921 2463|2499 0.25 [2949|2471|2393 | 2657 | 2837
0.5 2097 | 2267|2488 | 2687 |2335| 0.5 |2089|2342|2119(2851|2703| 0.5 2516|2301 |2351|2140(2487| 0.5 |2825(2228(2316|2790|2654
0.75 {2221 {2384 2159 (2292|2499 | 0.75 [ 2331|1994 | 2352|2324 (2344 | 0.75 | 2089|2197 | 2375 (2119|2394 | 0.75 |2392|2295|2160|2600 | 2958
1 21302003 (2159 2347|2512 1 |2097|1980(2267(2272(2488| 1 |2385|2389|2161(2307|2312| 1 |2089[1973|2342|2087|2691
(@) =0.25 (b a=0.5 () a«=0.75 (d) a=1
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Table 10. Best combination of («,3,~) found for score-based dispatching logic in different scenarios

Number of cranes

Objective function Cranes switch blocks Cranes do not switch blocks

1 2 3 4 a, D 2, 2
@, o0, ® 1, 0.25, 0.5 | 4, 0.75, 0.5 |(0.25, 0.25, 0.79)| (0.75, 1, 0) 0.5, 0.75, 0)

Minimize average
turnaround time

Vi :
IMZE MAXIMUM | ) 0y | 05, 1, 025) | (L 1 0.25) | (05, 1, 0.25) | (075, 0, 0.25) | (L 0.75, 0.25)
turnaround time

3 AF7dt JhdeF 223 A 7R 26 32 vl

B AN ANSE N oks A AgiA 229 Y52 a7 A A A GG
Ao vnE WAsEor, A%E Figure 9] AASATh Wm tloRE A%R(FCFS), HEA
(NFS), g4 AZCPD) 4y 22 Aestgdon, 1571w Ay 226 %A Table 1090 4
99 438 A7 AFAE A§SHAT Figure 901 /0 Ay 229 F kA AFA 27 F,
F HEY Aas AFAE ST ARGt A HEY Hid AFAE AEE FIHE_manE
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Figure 9. Score-based dispatching logic performance comparison against three dispatching rules
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Figure 10. Performance comparison of scenarios, where cranes can switch blocks or cannot switch blocks
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