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A Study on the Development of Decision Support System
for Tanker Scheduling

Hee-Yong Lee, Si-Hwa Kim

Abstract

Vessels in the world merchant fleet generally operate in either liner or
bulk trade. The supplv and the dernand trend of general cargo ship are both
on the ebb, however, those trend of tankers and containers are in slight
ascension. Oil tankers are so far the largest single vessel type in the world
feet and the tanker market is often cited as a textbook example of perfect
competition.

Some shipping statistics in recent years show that there has been a radical
fluctuation in spot charter rate under easy charterer’'s market. This implies
that the proper scheduling of tankers under spot market fluctuation has the
great potential of improving the owner's profit and economic performance of
shipping.

This paper aims at developing the TS-DSS(Decision Support System  for

Tanker Scheduling) in the context of the importance of scheduling decisions.
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The TS-DSS is defined as the DSS based on the optimization models for
tanker scheduling. The system has been developed through the life cycle of
systems analysis, design, and implementation to be user-friendly system. The
performance of the system has been tested and examined by using the data
edited under several tanker scheduling scenarios and thereby the effectiveness
of TS-DSS is validated satisfactorily. The authors conclude the paper with the
comments on the need of appropriate support environment such as data-based

DSS and network system for successful implementation of the TS-DSS.
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Fig. 1.1 Tanker Market Spot Rate
Source : Shipping Statistics and Economics Market Briefing Dec. 1995
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Fig. 4.3 Input Layout of TS-DSS
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Type
vertex = 1 ... max;
counter = 0 ... max;
AdjacencyList = arraylvertex] of vertex;
Graph = record
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A : arraylvertex] of AdjacencyList;
end, o} o] "Eh.29
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Fig. 4.7 Diagram of Module Definition
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Fig. 18 Menu System of TS-DSS

TS -DSS I
} f | F— B | - 1
FIL E IE EDIT I OPTIMIZE I = REPORT j HELP ]
OPEN CoOPY Tmmm—,—————cq SHIP
SAVE cuT CARGO
SAVE AS PASTE SOLUTION
A ! | N
PREINT INSERT ! INTEGER
PRINT-SETUP DELETE iCONSTRAlNT

1 Open Ship Data File

@ Open Cargo Data File

@ Open transit Time Data File

@ Save Data File

© Print

® Run Optimizer

@ Show Candidate Schedule

® Show Final solution

© Integer / Linear Program Mode Switch
{0 Constraints Operator Switch

Fig. 49 Command Button Arrangement
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Table 4.1 Solution Table

SHIP NAME UTIL CARGO LN L. PORT L DATE: D. PORT :D. DATE
M/V PIONEER 100 10 230  {Houston 55 iLe Havre 69
M/V STAR 89 7 250 |Puerto LaCruz{ 25 iLe Havre 37

P89 8 289  {Houston 64 iNew York 70

M/V SANE {98 1 260  |HOUSTON 37  YOKOHAMA 63

M/V JAME L 94 11 350  |Curacao 21  Le Havre 25

P94 3 277 iCuracao 59 iLe havre 15

M/V DUKE ‘ 87 15 360 |Houston 30 :Yokohama 56

87 14 330 |dairen 49  New York 75

M/V YOUNG 100 12 370 Houston 15 iLos Angeles 25

100 13 300 Pajaritos 43  Le Havre 55

100 4 335 Puerto LaCruz; 75 iNew York 84

M/V SKY 110 6 300 |Houston 8 Los Angeles 53

M/V ORION 80 9 249 Curacao 48 Yokohama 72
Max Vaue 7 =: 3142




FEY UYL GAAYAY A 2ol Apge] B AT

1 Tokyo 5678 'M/VPIONEER
7 Rotterdam 567 8 MY STAR
3 NewYork 5678 M/VPEGASUS
4 Rotterdam 5678  M/V YOKE

2 Los Angeles 5678 M/V SARE

6 Le havie 5678 M7V JAME
2 Tokyo 5678 M7Y HANKANG |
5 Yokchama 5678 M/ HAK

1 Rotterdam 5678 MY YOUNG

2 NewYork 5678 M/¥ SKYMOON

3 Lo: Angele: 5678 M/ ORION

Fig. 4.10 General Scheme of Input System

123 335 75 Puerto LaCruz 84 NewYork

Fig. 4.11 General scheme of output system



368 BB ARE KB /XK £ 188

5. 4&

24 BRA2EY T8 HHTEE Rk e A9 2 £4& U
AR EQL a3, A& AMu SFYFAZYE T Mo BAAL FY
2 ZA AAY A FAE A9 FI9H 28 A HE3] Fasth A
mHo 2 e FAT 2 4Fo] EStAsy EFAH wEA A9 Fx7
AL 7R3 Ut} SeFEA L olEd 5 wiol |eAF TA B B
ot #etFolxm FHA JAEA S Adste F= Al&Hol S o HHol
}.

o] ATe KA THLFAY gArEA A QA& H(Tanker Scheduling
Decision Support System: TS-DSS)¢] 74d¢g oF1 ok 24 &4 A&
Ho g WFo ASFEAM 239 AALS FHAIL LFo|E Sy
A% SFLAAYY] £y B3 JAEA L FE2H FYE AFY T8 IHUS
o] #31 gt} TS-DSS& ol &3 JAEA S AUty A ZIHst HAH3 =¥
£ 7|vte 2 JidE DSSelth

TS-DSSE FZ3Q Alxd B4 HA 2 78 dAE AA ARSEAAA
A g0z AdEggew, AlE &8 2 FIE F4S Bl A2"HY 7
Ae HAESFY. obgd TS-DSSY Ald 87 Fid= &4 FAFAA Al
o] At 28 Azt #AIAE HESFHCE o3 A7 AFAE Lo 4

893l oS3 2.

AA, At SFAYA ol B F8 APAFE A#3 %* Al3tel ¥F
of WASEA SFE £4 F9 P AMute] FLAL 1Y F2H LFUFA
Y HAH3 2y NFA ALsAS

EX, AE HF3 2¥S 7o 3= TS-DSSE 7+2FQ #4373 AA
E A ALEAONA 153 FAHOE FHIIT

AR, TS-DSS7} A3 2L AAse FAHNA £ 715 94 19=E
NEA AYstn o] 2HZERE FH LJAdYS AAste g FS 13

e,
GA, B3 $FAYAYE 2o TS-DSSH FEAS A=de AF ¢
£ 2 FAE $AL Bod d3shach



£
BN
rx
Mo
ook

FABAY A2 HAY A 2wde) el B AF 369

OAAl, TS-DSSE oz g 7Hk DSS @ 4718k DSSe] 27} WE
A9 Tt T 53 Aut SFLYAAY JAAAG AAHoE F&EA AL

1) Marcus, Henry S., Marine Transportation Management, Auburmn House, p. 6, 1987.

2) Ronen, D(1993), “Ship scheduling: The last decade”, European Journal of Operational
research, Vol. 71, pp. 325-333.

3 Roh- MEE, BAE BIETID FL&EE - x>0-0 LFEE Rz &S, pp.
1-50.

4) Dantzig, G. B. and D. R. Fulkerson(1954), "Minimizing the number of tankers to
meet a fixed schedule”, Naval, Research Logistics Quarterly, Vol. 1, pp. 217-222.

5) Briskin, Lawrence E.(1966), ”"Selecting delevery dates in the tanker scheduling
problem”, Management Science, Vol. 12, No. 6, B-224-34.

6) Bellmore, M.(1968), "A maximum utility solution to a viehicle constrained tanker
scheduling problem”, Naval Research Logistics Quarterly, Vol. 15, No. 3, pp. 403-11.

7) Laderman, J. et al(1966), "Vessel allocation by linear programming.”, Naval Research
Logistics Quarterly, Vol. 13, No. 3, pp. 315-20.

8) Whiton, J. C.(1967), "Some constraints on shipping in linear programming models”,
Naval Research Logistics Quarterly, Vol. 14, pp. 257-260.

9) Appelgren, Lief .(1969), "A column generation alogorithm for a ship scheduling
problem”, Transportation Science, Vol. 3, No. 1, pp. 53-68.

100 Appelgren, Lief [1.(1971), "Integer programming mecthods for a vessel scheduling

problem”, Transportation Science, Vol. 5, No. 1, pp. 64-78.



370 BRBEABE AR R XE F188

11) Bellmore, M. and G. Bennington(1971), "A multiviehicle scheduling problem”,

Transportation Science, Vol. 5, No. 1, pp. 64-78.
12) McKay, M. D. and H. O. Hartley(1974), "Computerized scheduling of seagoing tankers”,

Naval Research Logistics Quarterly, Vol. 21, pp. 255-264.

13) Miller, David M.(1987), "An interactive, computer-aided ship scheduling system”,
European Journal of operational research Vol. 32, pp. 363-379.

14) Brown, G. et al(1987), "Scheduling ocean transportation of crude oil", Management
Science, Vol. 33, pp. 335-446.

15) Fisher, Marshall L.(1989), "An interactive optimization system for bulk-cargo ship
scheduling”, Naval Research Logistics, Vol. 36, pp. 27-42.

16) Bausch, D. et al(1991), "Elastic set partitioning - A powerful tool for scheduling
transportation of oil and gas”, in: Breton, M. and G. Zaccourleds.), Advances in
Operations Research in the Oil and Gas Industry, Editions Technip, Paris, pp. 151-162.

17) Lee, K. and Si-Hwa Kim(1994), "A tudy on the optimization analysis of tactical
ship scheduling”, Journal of The Korean Institute of Navigation, Vol. 18, No. 2, pp.
57-67.

18) Standish, Thomas A., Data Structures, Algorithms & Software Principles in C,
Addison—Wesley Pub. Co., Inc., pp. 405-447, 1995.

19) Nemhauser, George L. and L. A. Wolsey, Integer and Combinatorial Optimization, John
Wiley & Sons, Inc., pp. 114-145, 1988.

20) Moret, B. M. E. and H. D. Saphiro, Algorithms from P to NP - Volume 1 Design and
Efficiemcy, The Benjamin/Cummings Pub. Co., Inc., 1991.

21) ibid 19), pp. 296-424.

22) Sharda, R.(1984), “Linear programming on microcomputers: A survey”, Interface, Vol. 14,

No. 6, pp. 27-43.



Sz LRUIAY dARRAY Axge] el B AT 371

pud

23) Turban, E, Decison Support system and Expert System: Management Support System,
Macmillan Pub. Co., New York, pp. 31-€7, 1990.

24) Whitten, Jeffery L., et al, System Analysis & Design Methods, Richard D. Irwin,
Inc., pp. 4-166, 1994,

25) ibid 24), pp. 250-700.

26) ibid 24), pp. 471-721.

27)  Weiss, Mark Allen, Data Structures and Algorithm  Analysis, The
Benjamin/Cummings Pub. Co., Inc., pp. 314-325, 1995.

o8) Evans, Tames R. and E. Minieka, Optimization Algorithms  for Networks and Graphs,
Marcel Dekker Inc., pp 27-44, 1992.

29) Kruse, Robert L., Data Strucures and Program Design, Prentice Hall inc., pp. 308-411,
1987.

30) ibid 17), pp. 476-486.






