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Abstract: The scheduling of container handling system in a maritime terminal has a direct influence on the overall effi-
ciency of the terminal. An integrated scheduling model is presented to schedule the container handling system in this paper.
The problem is treated as a flexible flow shop scheduling problem. Because of the NP (non-polynomial) hardness of the
problem, two types of priority rules based heuristic algorithms are developed to solve the problem. Scheduling different
kinds of handling equipment in an integrated way can improve the cooperation among different equipment, increase the
overall performance of the terminal, and decrease the operation cost in the terminal. Computational experiments show that
the algorithms can solve the addressed problem effectively.
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Fig. 1 Basic idea of the integrated scheduling model

2.1 MERIB 2 50E X (Notations in the model)
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AL IX AT AE P RIAN R AL ) 1, B AT
AU AR

- B (Machine): 7 A5 3 AN 7] R 2 1)
#: M mQO)s I M(YOMEREYV).

- $R1E(Operation): B ENV AL 53444, B i
My 1 58 B SR B R ERAE, 3 1 5E i 3
PN B AE U AR AR DL A B AR R 22 58 I AR s A
Wyt Z IR R AR AR e R R A

AT ) B A TR RN 0 Sl A 7R ke 3R s 4 ol )
O LR, ARG LA S8 NP AL
BRE PRHEA )G RALRME S, g
VeV T AENE, (i k) € P; ORFTAT e 4E
&, 0 = {Oij’i =1,---,n,j = 1,2,3}; Mij%ﬂ
LR BRERAE O, R & R By iy B G M I B
En A Bessm ] LB BTG #RE A G, Py e i dE
O, VAL FRI T8]; e, A2 AE NV FIAVE MV AT 5 25 1)V 2 I
[f]; L2 — 700 K H AL

PAAT AL
Tijm = 1, | %Oij B ¥ FmAk B 75 ) 240.

Yikjm = 1, W RAE & E&m EARAEO,,; % B3
YEO;; NIHO0. § =1,2,3;

Sij%ﬁé{/ﬁoij (R FF4E N (7]

Conax M55 JG — MMV 58 G TH].
2.2 FERIK) 3 7 (Definition of the model)
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min Chax = max(s;; + Pj). D
LIRS AN
s;j >0, Vie N, Vje{l,2,3}, (2)
s+ Py < Sigay), Vie N, Vi€ {1,2,3},  (3)
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VO,j, Ok € Ejm, With T, = Tijm = 1,
then s;(j41) + €ix; < Skj + Lifikjm, (6)
Sk(j+1) t €rij < Sij + Lkijm, (N
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3 Job-by-JobJ3 & R i FE & H(Job-by-Job

heuristics)

H1 T HFSS-B — ANNPHEJE ) i, A SR H 5L T
DB 5 2RI 1 17 e 3 B8 B9 SRR % ) Lt 47 3K
fift. fif YLHFSS-B (1 5 A DR M gl A2 18 2 i b (1 2 1
TN TS AR i L, 12 IE 56 20 R0 ) gt e e 8 2 . )
7 50 AT, 2 T W AT 55 BRAE U O 20 R (H,
PRV 6 5 ok 3R I B ZE I R 45 B 8 Y R AF A7 AE,
E SRR I A S SEBIN B (IAFAE. SEAi(deadlock)
Jedi H TR B AN IR A A3 B R G A T IR
3.1 T8 3 50 Ik B U i) Job-by-JobS ¥4 (Job-

by-Job with basic cyclic heuristic)

AICHR AN 5 T S BRI Job-by-Job(JBI S 125,
FUREAC AR : A — AR, e Fe— vl
VEAEBEAR AT IR A b 48 58 1), K 0 1% 2 e 46 1
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H AR PTAERA S BN Ik
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N FAELE PR G I, F2 IR NP 2E 4T, HAR
RPN

1) range jobs in numerical order from 1 to n

2) Let Q be the set of all unscheduled jobs, @) =
1,2,--- ,n,letm(i,j) =1

3) while(Q) # @), do step 4)

4)For i = 1ton:

if (all the jobs precede ¢ have been scheduled)
for each stage 7 = 1,2, 3:
if m(i, j) > myj, letm(i, j) =1
place job i last on machine m(i, j)

let m(i,7) =m(i,j) + 1
Q= Q\{i}

5)if (Q = @), stop. Otherwise, go to step 3).

AR, ZEVERIN R L FE O (n).

3.2 BT/ & A far 23 JR B U K] Job-by-Job £
%30 ob-by-Job with least machine load)
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fif 43 YR FE ) LML (least machine load)f] Job-by-Job%.
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4 Z E=H AN B kX HZEMIH)Multiple

insertion heuristics )

MIH(multiple insertion heuristic) &% it 3= % AR
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FERI N SEHEN N — kAT A BE, PRl R FHFCFS (first
come first served) F1 1 £ 73 FCAL S KUNAH 45 & 14 51
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mum extra time )

HYEMIH-MET (minimum extra time) A2 $5 55 545 2%
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1) For the first stage, arrange containers in numeri-
cal order form ¢ to n for use

2) Let @@ be the set of all unscheduled containers,

Q:{1727 ,TL}
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3) While (Q# @), do step 4), 5)
4)For: = 1ton:
if (all the containers that precede ¢ have been
scheduled), then:

a) Consider inserting container ¢ into every possible
position

b) Calculate the extra time of each possible inser-
tion

c) Insert ¢ into a machine sequence with the small-
est extra time

5) For each stage j = 2, 3:

a) Update the ready times of each container for O
based on the completion times of O;(;_1)

b) Arrange containers in non-decreasing order of
ready times

c¢)Fori=1ton:

if (all the containers that precede 7 have been
scheduled), then:

Consider placing container ¢ last on each machine
m € M;; C M

Calculate the extra setup time in each position for
container ¢

Placing container ¢ in the position on the machine
with the smallest extra setup time

d) Q = Q\{d}

6) If (Q = @), stop. Otherwise, go to step 3).

U Ry KRR TS AE S — B BUW A 0, B4
FERIME LR, 7220 B4)-a) h A A AT — 1+ my D
A e A4 AL B AR DI UG ST, DUEMIH-
METH 2> i—1+my = n(n+1)/2+(m,—1)niXil

. BRI I 5 7 TR T2 8)-)h 0
Fr S, W R A 48 N HE e 55O (n?)), 84 MIH-
MET &I ) 52 2% B2 (O (n?)).
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4.3  FETBod s ) ) £ E 4 A\ X HIE(MIH-
FAM)(Multiple insertion heuristic with mini-
mum completion time)

. VEMIH-MCT(minimum completion time) & $&
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5 SEHITHE (Computational experiments)
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Table 1 Computational results for the heuristics

[P APD
B QC YC YV JBJ-BCH JBJ-LML MIH-MET MIH-FAM MIH-MCT
10 2 4 4 13.22 15.43 5.35 8.66 7.68
10 2 4 6 25.51 10.75 0.50 7.52 4.40
20 2 4 6 9.95 9.85 14.55 4.98 5.12
20 2 4 8 17.84 14.43 13.78 2.56 2.67
20 26 8 7.78 7.09 16.45 4.18 4.17
40 2 4 8 12.14 16.51 16.21 5.78 6.87
40 2 6 8 11.49 9.87 19.88 8.65 10.32
40 2 6 10 14.82 9.43 21.58 8.83 9.76
50 2 6 8 9.98 7.70 23.12 12.22 13.65
50 2 6 10 19.08 9.75 25.49 12.45 12.56
50 4 6 10 30.87 23.58 70.88 13.64 12.75
50 4 8 10 23.84 18.75 75.11 11.75 12.34
60 4 8 12 29.45 16.03 82.76 11.31 12.09
60 4 8 15 27.90 13.18 63.90 12.36 12.45
60 4 10 12 34.33 23.68 87.11 13.09 15.74
60 4 10 15 36.36 14.80 88.35 15.12 14.36
80 4 10 15 16.83 16.35 89.85 15.65 16.76
80 4 10 20 24.81 12.03 90.09 16.32 17.85
100 4 10 20 15.18 14.29 86.17 15.73 14.98
100 4 12 24 17.60 9.48 91.54 17.36 18.76
E2 A H R e ATtk
Table 2 Computational times for the heuristics
BT CPU I} [a)/s

HERHE QC YC YV JBI-BCH JBJ-LML MIH-MET MIH-FAM MIH-MCT

10
10
20
20
20
40
40
40
50
50
50
50
60
60
60
60
80
80
100
100

B T s e T ol i S N AT S T (S R \S I (ST \S I (S B (S I (S

(o <o B <l e e e e N AT R N S

— e e e =
N O O O O O

0.287
2.288
0.320
0.315
0.320
0.420
0.430
0.425
0.540
0.540
0.550
0.558
0.650
0.655
0.660
0.670
0.880
0.900
1.650
2.030

0.289
0.289
0.320
0.322
0.320
0.430
0.433
0.430
0.550
0.560
0.565
0.570
0.680
0.700
0.720
0.750
0.890
1.100
1.960
2.430

0.290
0.291
0.340
0.310
0.310
0.471
0.480
0.481
0.641
0.651
0.641
0.641
0.882
0.882
0.881
0.881
1.672
1.672
2.975
2.984

0.382
0.371
0.400
0.401
0.391
0.561
0.561
0.561
0.731
0.731
0.731
0.721
0.962
0.971
0.971
0.972
1.752
1.752
3.075
3.075

0.401
0.400
0.421
0.421
0.421
0.600
0.601
0.601
0.761
0.761
0.761
0.771
1.132
1.111
1.111
1.101
1.903
1.912
3.334
3.324
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6 %518 (Conclusion)
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