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Abstiact

This paper presents an efficient optimization algorithm for the crude oil tanker scheduling prob-
lem. The algorithm consists of two stages. In stage one, all the potentially optimal schedules
(called ‘candidate schedules’) are generated from feasible schedules for each ship. In the second
stage, a multiple ship scheduling problem is formulated as 0-1 integer programming problem con-
sidering only those candidate schedules.

The efficiency of the suggested algorithm was improved by exploiting the special structure of
the formulation. The algorithm was illustrated by a numerical example and tested on practical

ship scheduling problems.
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&, & 2=1,628,605, List={4, 6}, x;s=xp=1.

@A 3) List={3}, @A 1) i=2, L=1. 94 2%
2) }=4. %4 3) List=(3, 4}, z=1,700, 645.
@A 4-1) L=4, List={3}, L=5. ghA] 4-2) 2402 Fiaol sl sFTepo
L=5<J,=6. vA 2) i=1. @A 4-1) L=3,

upa] Ak 1& FH AAE 4(x,=1), A4t
FH 2AF 6(xp=1)0F £383 of, 2
)= $1 628,605%2 v} itk 22lw &4
20,000L/T o]

Al 13} 29) A 2AF (29 3)3} o).

ARt 1(3E 4312 1)

[3/16/15]* [3/17/21] *qlgh 2|17k
[3/1/00] 3/16/201**L3/18/03 **E A2
155
P5 P3 > P1
~ 14.37x = ‘ s A= : 12,3201
[4/4/00] L s4 : 35,000%
Ant 2(3E 5—3HE 2)
[3/16/15] [3/17/13]
[3/1/00] 3/17/00 3/17/20
15.5x €
P5 > P4 > P2
Zgs A [ 12,328v1
[4/5/016333; 1354w F%eF . 40,000&

(21 3) A A 2A4F
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RERHE

SAdolA A% G FAFR A7t A
& w0 Auste] ¥AE AFAsh, veh o
A% e wel % 5 ol 2 ATl
ANG Age neh mgAolch 2eit A
b wejste] B el A ol e olgal

A sxstet.

5.2.

0lo

=1

Y&|eAs #HzAlo}ut(Persian Gulf)2] 7-
137) F7ell4) Q5 (crude oil) & A ske] g4k
ol 4 okslstar gleh. 240,000L/TH w47
(diesel engine)®] Aub 23z} 220,000L/Ts%
Z7]7)3 (steam turbine)e] At 1Ho 2 YA}
ol ded 3ES FFeta o, 3Ee
& dAHe R kA Holrt. 239 tAr|d A
uke 7 BAo] 2 F7]713e] AdRbe dua

wako] HMxabol] wldle] oF 2.5u) Hweld, 5ty

AlZve- AR}y ok 5,000LT/hour, F2p7}F 4,
000LT/houre]c}.

B g o] At XA s &
A 3xe] EA #HZAotrke] 9T, -
vate] 275 27t A - okstadE A
7 g7 A F7rke] A & 2Abska
(A" %, #As%, World port index), ©]%<]
AA EF a9 FARE PR JETFRE 5
st

7t Auke] BEAJ3), 19919 3¢ 19 004] &
A Azt sE 7F el digh HAle ohee
(£5), (£6), (7)), (% 8)7 rh

A B AF7|7Ee 7F Addbe] dghalel] Ag FH+=
717kel <F 1.5/ 2 gheh F e Aluhe okst
ol A sdFoln 1o Aute H 2 Alojnks
Fsto] FalFal o Aute] 279X F AA
&kt

B

i)

(% 5) Yal|lgAhe] AubeA

A H 23T &2 | 45 (MCR, knots) | AH]2 %3 (knots)
YC 240,000 19.8m 15.5(16.5:F A A]) 15.0
YF 240,000 19.8m 15.5(16.5: 2 A A1) 15.0
YP 220,000 18.8m 14.5(15.5:Z A R]) 13.5

£ 6) Yaij&tel sExts

AT ANy Gy HEad A% wE P xe IR =o
(L/T) AspAZE  AAZ AR

C, K.F. UL. 80000 3/13/18 3/17/02 4/6/22

C, S.L UL. 75000 3/14/14 3/17/22 4/8/14

Cs D.L UL. 75000 3/15/20 3/19/04 4/6/02

Cay uU.sS. UL. 90000 3/16/16 3/19/14 4/8/14

Cs . R.T. UL. 70000 3/15/00 3/17/22 4/6/12

Ce R.AK. UL. 70000 3/18/18 3/22/02 4/14/20

C; M.A.A. UL. 70000 3/20/10 3/23/18 4/18/04

Cs J.D. UL. 80000 3/21/16 3/25/00 4/14/20

Coy KFN UL. 85000 3/20/10 3/27/22 4/18/04

Cio K.F. UL. 70000 3/29/14 4/1/22 4/19/20

Cu S.L UL. 60000 3/29/14 4/1/22 4/19/20

Cup U.sS. UL. 65000 3/28/08 3/30/00 4/20/06
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Cs R.T. UL. 85000 3/23/08 3/26/16 4/16/12
Cu RAK UL. 75000 3/24/14 3/27/22 4/17/18
Cs MAA UL. 80000 3/22/02 3/23/08 4/10/16
Ces SL IN. 75000 3/28/18 4/2/18 4/14/20
Cy DL IN. 95000 3/20/20 3/24/04 4/16/02
Cs R.AK IN. 90000 3/29/04 4/1/12 4/15/01
Cw J.D. IN. 75000 3/16/16 3/19/14 4/7/08

Cy KFN. IN. 80000 3/16/16 3/19/14 4/7/08

Chn KUF. IN. 40000 3/17/12 3/19/14 4/9/10

Cxr US. IN. 45000 3/20/10 5/23/08 4/14/00
Cx MAA. IN. 50000 3/22/22 3/25/20 4/14/20
Cy R.T. IN. 70000 3/20/20 3/23/18 4/13/14

79 | EFAL(m) FrE | e AEm)
1 | KF. 20.0 7 | MAA. 20.0
2 | SL 150,000L/T 8 | JD. 16.76
3 | DL 20.0 9 | KFN 20.0
4 | US. 10.97 10 | UL. 20.0
5 | RT. 20.0 11 | IN. 18.9
6 | RAK. 17.0

oft
-
N

) FARY AN A Y™, hefsgetd)
2 3 4 5 6 7 8 9 10 11

1 —180 360 380 430 580 650 380 700 5800 5800 —
2 70 180 300 430 540 180 600 5980 5908
3 50 180 330 360 65 410 6160 v6160
4 140 250 350 90 360 6168 6168
5 1560 180 230 230 6263 6263
6 65 380 115 6348 6348
7 410 50 6450 6450
8 455 6205 6205
9 6500 6500
10 — 300 —
2% A7 A AR AYrts 2AELS AEL 24zt 4370, 1217, 97/0(3F 87)c}.

F 420 (kg B 14870), Aubd F48 o~ et HA 2AEE T A3 Sl my
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HA 2AEL (2 O 2ok geby 24709 ] 4o}
YC (Cy—Ci—Cs)
[3/14/14] [3/15/21] [3/17/05]
[3/1/00] 3/15/08 3/16/15 3/17/22
14.89:E
Sea > P2 P3 5 P5
(51807}<d) Fa)712) © 11,6930
ek 1 220,000%
[4/5/06] 1357%&
P10
YF (Cg> Co—Cpa)
[3/20/07] [3/21/09] [3/22/17]
[3/4/04] 3/21/01 3/22/05 3/24/06
16,50 E
P10 P6 > P9 P5
Z3}a Ae] | 12,956Wd
[4/14/20] 12.06 = E 422k 1 240,000E
YP (sz“’cn_’cu)
[3/20/10] [3/21/07] [3/22/09]
[3/1/00] 3/21/01 3/22/07 3/23/16
12,64
P10 —> P4 P3 > P5
Z3& 7= @ 12,6619t
[4/13/14] 12.50x.E 4 [ 210,000
P11 ¢
(23] 4] YARQ) Aubd HA ~AZF
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Schedule Generator :
type -
N I number of ship;
M : number of cargo;
P . number of port;
PRD, BRH : array for building tree;
SCH : array of set type for schedule;
TINFO : array of record type for storing informations of arrrival & departure status for each
ship;
begin
forlI: =1toNdo
begin
K1,
L«0;
foreach j&M do if feasible
begin
PRD[k ]J«0; {rooted node}
BRH[k]J«k+1;{sibling node}
TINFO[k J«tree information for cargo loading & discharging of ship{arrival time,
departure time, current ton, ete.}
K«K+1;
end;
BRH[k—1]«left child node of rooted node;
P<1;
while P<>K do
begin
TK«K;
forj: =Pto K—1do
begin
foreach cargo in brother nodes of j do if feasible
begin
PRD[TK]«J;
BRH[TK]«TK+1;
TINFO[ TK J«tree information;
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TK«<TK+1
end;
BRH[TK —1]«left child of node j;
if all cargos in brother nodes of j is infeasible then
begin
L—L+1;
SCH[ |, L];—{cargo of node j}+{all cargo of prd[j]}
end;
P<K;
K«TK;
end;
write each schedule
end;

end.
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