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A Robust Ship Scheduling Based on Mean-Variance
Optimization Model

Nareh Park! - Si-Hwa Kim?

'Korea Maritime and Ocean University, Division of Shipping Management,

Korea Maritime and Ocean University, Division of Maritime Transportation Science

m Abstract =

This paper presented a robust ship scheduling model using the quadratic programming problem. Given a set of
available carriers under control and a set of cargoes to be transported from origin to destination, a robust ship schedul-
ing that can minimize the mean-variance objective function with the required level of profit can be modeled.
Computational experiments concerning relevant maritime transportation problems are performed on randomly gen-
erated configurations of tanker scheduling in bulk trade. In the first stage, the optimal transportation problem to ach-
ieve maximum revenue is solved through the traditional set-packing model that includes all feasible schedules for
each carrier. In the second stage, the robust ship scheduling problem is formulated as mentioned in the quadratic
programming. Single index model is used to efficiently calculate the variance-covariance matrix of objective function.
Significant results are reported to validate that the proposed model can be utilized in the decision problem of ship
scheduling after considering robustness and the required level of profit.

Keywords : Maritime Transportation Problem, Robust Ship Scheduling, Mean-Variance,
Quadratic Programming Problem
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(E 4 oAl 19| EHAE MUbRe AXHE 2t
Required Level Ship Op. | Cargo Freioht Loading |Loading | Discharging | Disch. | Total | Variance
of Profit Name Cost | ID € Port Date Port Date | Profit | of Profit
CD_4 | 2595 | Al Shaheen 13 Ulsan 25
G.Glory 50 — -
100% CD_2 | 1655 Fujairah 60 Singapore 66
- 971 702
@7 M.Star 4 |CD5| 309 Dalia 40 Houston | 52
New Creation| 37 |[CD_1| 368 Djeno 22 Houston 34
G.Glory 50 | CD_1| 368 Djeno 22 Houston 34
95% CD_4 | 2595 | Al Shaheen 13 Ulsan 25
M.Star 44 — - 971 702
(922.45) CD_2 | 1655 Fujairah 60 Singapore 66
New Creation | 37 | CD5| 309 Dalia 40 Houston 52
G.Glory 50 |CD_1| 368 Djeno 22 Houston 34
90% CD_4 | 2595 | Al Shaheen 13 Ulsan 25
M.Star 44 — - 971 702
(8739) CD.2 | 1655 | Fujairah 60 | Singapore | 66
New Creation| 37 | CD.5| 309 Dalia 40 Houston 52
G.Glory 50 | CD_3 | 2015 |Kharg Island| 18 Dalian 42
859% . CD_4 | 2595 | Al Shaheen 13 Ulsan 25
M.Star 44 - — - 8635 | 599.88
(825.35) CD_2 | 1655 Fujairah 60 Singapore 66
New Creation| 37 |[CD_1| 368 Djeno 22 Houston 34
G.Glory 50 | CD_1| 368 Djeno 22 Houston 34
0,
el MStar | 44 | CD.4| 2595 | Al Shaheen | 13 | Ulsan | 2 |8055| 4045
New Creation| 37 | CD.5| 309 Dalia 40 Houston 52
G.Glory 5 |CD_1| 368 Djeno 22 Houston 34
0,
(772%/55) MStar | 44 | CD.4| 2595 | Al Shabeen | 13 | Ulsan | 2 |8055| 4045
New Creation | 37 | CD5| 309 Dalia 40 Houston 52
G.Glory 50 | CD_1| 368 Djeno 22 Houston 34
0,
(g%/%) M.Star 44 | CD_3 | 2015 |Kharg Island| 18 Dalian 42 698 | 32827
New Creation | 37 | CD_4 | 2595 | Al Shaheen 13 Ulsan 25
FEAAE MV Duked] F9& 2713 dAHS 2 e&greo] AR 1 IR U9 WTAY E
oL 70% FollAe M/V Grace?] T8 327] g ave AL T 80%, 5% ol A
St dAS HolFETh o] Agolle HEo] 4lgh 19 vk OS Arcadiag, 123 70% 01]*1“ 7 et
3 2o gH|Lo] T AMEkS FIA] g OS Concord®?} OS ArcadiaZ 3ol £4s8HA &
Aol 918& gt WS AASL Sk SO2M 88 AN F UeS BTk
<E 6> £ F5E 6719 At 1 b
87l B A AP A3t gholh 6. Azt 8 AL
B%, %A T +FUFE MeEsta 80%,
5% A TLd RS APt vk HAdizde =S sl 2 e AlEA EHAE
Grole AL U 05, 0% o Wlwstel BE 3 @ ke AAANL S BAS GEAY
Al ke 69 FES AdYgtt o= dE 69 7] ATE Hl BV & R g Ay %+
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ﬂ.._wo

1104.43
1104.43
1104.43
1104.43
76843
509.83

1606.8

1009
959
959
959
959
758

Total Profit | Variance of Profit
741

Freight
305
314
285
320
285
320
298
2n
285
320
298
2n
285
320
298
2n
285
320
298
2n
285
320
298
285
320
271

CD.5

CD_1

CD_3

CD_1

CD_3

CD_4

CD_6

CD_1

CD_3

CD_4

CD_6

CD_1

CD_3

CD_4

CD_6

CD_1

CD_3

CD_4

CD_6

CD_1

CD_3

CD_4

CD_1

CD_3

Cargo 1D
CD_2
CD._6

65
70
65
70
65
70
65
70
65
70
65
70

Op. Cost

M/V Duke
M/V Duke
M/V Duke
M/V Duke
M/V Duke
M/V Duke

CE 5 O[Al 29| 2H
Ship Name

M/V James
M/V Grace
M/V James
M/V Grace
M/V James
M/V Grace
M/V James
M/V Grace
M/V James
M/V Grace
M/V James
M/V Grace
M/V James

100%
(1009)
95%
(958.55)
%O 0
(908.1)
850 0
(857.65)
800 0
(807.2)
750 0
(756.75)
70%
(706.3)

Required Level of Profit

& (Mean-Variance
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(E 6) OlAl 32 ZHAE Mute UXAHE Aagt
Required - .
o Ship Op. | Cargo . Total |Variance
Lg;lﬁ;’f Name  |Cost| D |8 profit |of Profit
_ | CD.2 | 1655
G.Glory 50
CD8| 258
M.Star 44 | CD5| 309
100% ; _
(1650) New Creation | 37 | CD_7 | 311 1650 | 1691.91
New Resource| 33 | CD_1 | 368
OS Arcadia | 50 | CD_4 | 2595
OS Concord | 56 | CD_6 | 249
G.Glory 50 | CD_1| 368
CD_2 | 1655
M.Star 44
CD.4| 2395
95% - - - - )
(15675) New Creation | 37 | CD5 | 309 |[16025| 1581.1
New Resource| 33 | CD_8 | 258
OS Arcadia | 50 | CD_3 | 2015
OS Concord | 56 | CD_7 | 311
G.Glory 50 | CD_1| 368
CD_2 | 1655
M.Star 44
CD.4 | 2595
90% S = -
(1485) New Creation | 37 | CD5 | 309 |[16025| 1581.1
New Resource| 33 | CD_7 | 311
OS Arcadia | 50 | CD_3 | 2015
OS Concord | 56 | CD_8 | 258
G.Glory 50 |[CD_1| 368
M.Star 44 | CD3 | 2015
859% | New Creation | 37 | CD_4 | 2595 _
(14025) |New Resource| 33 | CD.5| 309 17 135245
OS Arcadia | 50 | CD_7 | 311
OS Concord | 56 | CD_8 | 258
G.Glory 50 [CD_1| 368
CD_2 | 1655
M.Star 44
80% DAL 205 110115 110813
(1320) | New Creation| 37 | CD5| 309 o o
New Resource| 33 | CD_3 | 201.5
OS Concord | 56 | CD_8 | 258
G.Glory 50 [CD_1| 368
CD_2 | 1655
M.Star 44
% DAL 205 110115 110813
(12375) | New Creation | 37 | CD3 | 2015 | |
New Resource| 33 | CD_5 | 309
OS Concord | 56 | CD_8 | 258
G.Glory 50 [CD_1| 368
) CD_2 | 1655
70% M.Star 44
(1155) CD4 | 2595 | 1196 | 807.32
New Creation | 37 | CD_8 | 258
New Resource| 33 | CD_5 | 309
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