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ABSTRACT

A Study on Bulk-Cargo Ship Scheduling Model
with Multi-Loading Ports

Tak, /i—-Young

Department of Shipping M anagement
The Graduate School of Aorea Maritiine niversity

Most of import and export cargoes are transported by sea. For
instance, bulk cargoes like oil, grain, coal and iron mine are
shipped by tramp vessels over 130,000DWT. They are usually
carried by large quantities, and the operation costs of these
vessels are very high. For this reason, one of the shipping
company’'s major issues is to find the best schedule for
transportation. This thesis focuses on tramp shipping, especially
on industrial carriers that have their own ships.

Such major bulk cargoes as oil and grain usually have a
concentrated production confined on a specific geographic
location. So they are transported from a few ports near the
production location to many demand sites scattered all over the
globe. This thesis concerns this transportation practices and has
developed a decision making model for finding optimal ship
schedules where there are a few loading ports.

The developed model is also an improvement over the existing
model of Cho and Perakis which assumes only one loading port.
By allowing it to have more than one loading ports, the model
presented in this thesis reflects more instances of the real world
tramp operation. Usual real world instances of the developed
model can be solved to find the optimal ship schedules with
commercial software for linear and integer programming.
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max Z = ¢xy + cxy + -+ cx,
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a1 + A19T 9o + -+ A1,y = b1
911 + A9oTo + -+ A9,y = bg

Q1T + Q2L + -+

a
z,=20,z, 20,--,2, =0

RE APAYRY S g A A 2x7 FAFH] Qb

AYARRGAA 2, = QAAANFE, m & A 5 op 2 oA
w

. 2P ¢ a, b © dF(constant) &2 v 7| WS (parameter)
S ogugdt. gAAAMFE qAMEARATE 2 fE BREV] i JdFAE
2ys A oy st WEE " a8 ¢ v SAFASF

14) A. H. Taha(2003), [Operations Research : An Introduction seven edition; ,
Person Education. Inc, p. 12.
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11(2,35) 12(2,4,5) 13(1,0) 14(2,0)
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<E-9> 7F e b FEREFAA
At FRAA
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5 456,14
<H-10> ZF BEA o) AAv]
(99 1 )
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2 3
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2y a7 3 4 5
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+ Y13 + 1.0y + 2415 + 0.5Ya3 + Yoy + 192955 + 0.8y33 + ys4
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+ 150005, + 1700055 + 18000x55 + 22000250 + 23000251, + 250002515
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Y13+ Yo3 + Y33+ Yuz + Y53 = 4000
Y1+ You + Ysa + Yas + Y5y = 2500
Y15 + Yos + Y5 + Yus + Y5 = 4000

T11 + L3 + L7 + T8 + Tq13 =1

IA

IA

To1 + Tog + Toz + Tog + Tog + Togg = 1
Tyy + T35 + Tyg + T310 + Taio+Xgg = 1
Tyy + Ty + Ty + Typy + Typo + Xyy = 1
Tsy + Tss + Tse + T4 = 1

Y13 — 3500z, — 3500z, < 0

Y1 — 2500z; < 0

Y15 — 3500z,3 — 3500z, < 0O

Yoz — 2000x9; — 200055 = 0

You — 200029, — 2000z, < 0

Yo5 — 2000293 — 2000295 — 2000299 < 0
Y33 — 2000234 — 200023, < 0

Y31 — 2000235 — 2000239 — 200023, < 0
Yss — 2000255 — 200025, < 0

Ys3 — 3000z — 3000z, < 0
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0
0

Yss — 2500%’56 < 0

<

5

54

@3

5

Y5 — 3000245 — 300024, — 3000z, < 0

y53 - 2500.%‘54 S

Y — 2500z45 — 250024, < O
Yss — 2500

Ty, €10,1} yy = 0
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ofgf o] A= FAVIAAY EFLAA S
AZE Y LINDO/PCE ARAZ Ads 493 Aot
OBJECTIVE FUNCTION VALUE
1) 142500.0
VARIABLE VALUE REDUCED COST
X11 1.000000 16500.000000
X13 0.000000 26000.000000
X17 0.000000 23000.000000
X18 0.000000 32000.000000
X113 0.000000 0.000000
X21 0.000000 15000.000000
X22 0.000000 16000.000000
X23 0.000000 18000.000000
X28 1.000000 22000.000000
X29 0.000000 24000.000000
X213 0.000000 0.000000
X34 0.000000 10600.000000
X35 0.000000 12000.000000
X36 0.000000 13400.000000
X310 0.000000 14600.000000
X312 0.000000 16400.000000
X314 1.000000 0.000000
X44 0.000000 17000.000000
X45 1.000000 19000.000000
X46 0.000000 21000.000000
X411 0.000000 27000.000000
X412 0.000000 29000.000000
X414 0.000000 0.000000
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X4 0.000000 15000.000000

X585 0.000000 17000.000000
X56 1.000000 18000.000000
X514 0.000000 0.000000
Y13 3500.000000 0.000000
Y14 0.000000 0.000000
Y15 0.000000 0.000000
Y23 500.000000 0.000000
Y24 0.000000 0.000000
Y25 1500.000000 0.000000
Y33 0.000000 0.000000
Y34 0.000000 0.000000
Y35 0.000000 0.000000
Y43 0.000000 0.000000
Y44 2500.000000 0.000000
Y45 0.000000 0.500000
Y53 0.000000 0.400000
Y54 0.000000 0.200000
Y55 2500.000000 0.000000

ROW  SLACK OR SURPLUS DUAL PRICES

2) 500.000000 0.000000
3) 3000.000000 0.000000
4) 0.000000 0.000000
5) 0.000000 2.500000
6) 2000.000000 0.000000
7) 500.000000 0.000000
8) 0.000000 1.400000
9) 0.000000 -6.500000
10) 0.000000 =7.000000
11) 0.000000 -8.000000
12) 0.000000 0.000000
13) 0.000000 0.000000
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0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1500.000000
0.000000
500.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

NO. ITERATIONS= 3807

BRANCHES=

284 DETERM.=

1.000E
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0.000000
0.000000
0.000000
1.000000
1.000000
0.000000
0.000000
0.000000
0.000000
1.200000
1.500000
1.800000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0
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