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A Robust Ship Scheduling

based on Mean-Variance Optimization Model

Park, Na Reh

Department of Shipping Management

Graduate School of Korea Maritime and Ocean University

Abstract

Given a set of available carriers under control, and a set of cargoes to be
transported from origin to destination, a robust ship scheduling to minimize a
mean-variance objective function with a required level of profit can be modeled
as a quadratic programming problem. The Single index model is used to
calculate the variance-covariance matrix efficiently. Computational experiments
concerning relevant maritime transportation problems are performed on randomly
generated configurations of tanker scheduling in bulk trade and some significant
results are reported. The results of experiments confirm that the model is

validated and its effectiveness is satisfactorily demonstrated.

KEY WORDS: maritime transportation problem, d|AF<=%-& 4|, robust ship
scheduling, ZH~E AH¥2-3AXA &), mean-variance, &7 -%2F quadratic

programming problem, ©]X}A] & A
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Table 1 Development in intemational seabome trade, selected years
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Table 3 Baltic Dirty Tanker Index 2011

Weekly| Date(Y.M.D) |Index| TD1 | TD2 | TD3 | TD4 | TD5 | TD6 | TD7 | TD8 | TD9 |TD10D|TD11|TDI12|TD14[TD15TD16|TD17|TDI18
1 2011. 01. 08 | 808 | 30.5| 50.2 | 49.8 | 56.2 | 68.5  83.0 | 87.4 [ 959 | 139.6 | 197.0 [ 71.9 | 151.7| 88.0 | 51.7]198.5| 76.2 |201.3
2 2011. 01. 15 | 737 | 30.1 | 47.4 | 47.0 | 50.9 | 59.9 | 66.5 | 83.6 | 91.2 | 129.1 | 157.9 | 70.1 |143.9| 84.3 |50.9|174.8| 69.4 | 192.0
3 2011. 01. 22 | 680 | 31.7 | 469 | 46.6 | 49.5 | 589 61.5 | 814|922 | 111.0 | 135.4 | 72.6 |121.1| 83.6 |50.2]153.9| 66.8 | 166.8
4 2011. 01. 29 | 660 | 32.0 | 46.2 | 45.8 | 49.4 | 63.3 | 654 | 822 | 94.1| 92.0 | 121.2 | 78.1 |115.2| 83.6 |49.8[145.1| 653 | 158.9
5 2011. 02. 05 | 661 | 343|484 |48.0| 504 | 67.2( 73.2 | 84.0| 949 | 825 | 109.2 | 88.6 |111.9| 86.4 |50.3]139.7| 66.6 | 154.3
6 2011. 02. 12 | 695 | 39.8 | 63.8 | 63.3 | 56.9 | 74.4 [ 86.0 | 88.6 [ 99.3 | 82.1 | 103.8 [ 85.0 |107.0( 90.2 |56.8]138.7| 77.9 | 148.2
7 2011. 02. 19 | 752 | 444 | 80.5 | 80.0 | 67.6 | 75.3 | 85.8 |104.0{101.5| 91.9 | 100.3 | 86.7 |106.2| 90.6 | 71.3|144.8|100.2| 148.6
8 2011. 02. 26 | 804 | 39.6 | 65.7 | 653 | 61.7 | 80.3 [ 95.2 |111.2[101.3]| 115.6 | 106.5 [114.8|113.5| 90.5 | 60.4|154.1|135.8|178.7
9 2011. 03. 05 | 993 | 40.2 | 61.1 | 60.8 | 71.1 |100.0( 115.8 |147.4|104.8| 156.0 | 167.0 [184.2|142.3| 93.8 | 65.3]167.6|219.1|190.0
10 2011. 03. 12 | 1,047 452 | 69.1 | 68.8 | 79.4 |106.1( 142.0 |138.9(109.4| 157.8 | 188.2 [117.1|155.4| 98.4 |73.5]189.0|244.3|217.7
11 2011. 03. 19 |1,021| 434 | 654 | 652 | 77.5 |110.7( 135.6 |110.5[115.8]| 112.6 | 186.3 [ 99.9 | 156.9(104.8|68.6|194.6|257.7|239.5
12 2011. 03. 26 | 992 | 424 | 62.1 | 61.5| 73.8 |110.7| 124.4 |103.2(119.8| 107.4 | 193.5 [121.0]159.2|111.6|62.6|192.4|185.0|254.4
13 2011. 04. 02 | 935 | 37.3 | 54.4 | 540 | 68.3 | 93.2 ( 102.6 |101.6]130.2| 112.3 | 180.9 [104.8|148.7(121.9]59.0]192.7|138.6|264.3
14 2011. 04. 09 | 893 | 37.5| 52.8 | 52.6 | 61.0 | 78.4 | 89.7 |103.1[133.0| 119.5 | 167.8 | 94.7 | 139.6|122.4|54.7(199.0| 124.4|245.4
15 2011. 04. 16 | 844 | 38.7 | 54.4 | 54.0 | 56.3 | 80.0 [ 81.5 | 99.9 [130.0| 1282 | 155.1 | 89.7 | 138.5[118.0|52.6]195.3| 83.8 |218.3
16 2011. 04. 23 | 840 | 38.3 | 50.4 | 49.8 | 55.5 | 83.8 [ 87.5 |109.9]125.4| 120.3 | 152.3 [100.7|136.8111.8|51.7|188.0|100.1|201.8
17 2011. 04. 30 | 827 | 37.5|49.3 | 48.7| 552 | 857 982 |111.9[121.9| 1148 | 151.0 | 95.3 | 135.2(109.4|50.1|186.4| 99.9 | 188.5
18 2011. 05. 07 | 808 | 37.4 | 49.1 | 48.8 | 56.7 | 87.9 | 91.1 |109.4[118.6| 106.0 | 148.4 | 88.0 [132.1|105.8(52.0(186.7|102.0|178.1
19 2011. 05. 14 | 783 | 37.1 | 49.2 | 489 | 57.5 | 84.8 | 87.6 |106.1]115.9| 100.9 | 139.8 | 86.4 | 135.1(101.9]52.4]179.3| 91.2 | 170.7
20 2011. 05. 21 | 782 | 36.5| 49.7 | 493 | 57.4 | 86.8 [ 89.1 [106.1]114.0| 100.3 | 131.6 [109.5]|136.7[100.1|51.1]168.8| 87.6 | 169.3
21 2011. 05. 28 | 779 | 37.0 | 52.1 | 51.8 | 55.9 | 77.3 | 81.7 |106.6[114.1| 1052 | 119.5 [128.0]133.4| 98.7 | 51.9]1169.9| 83.7 | 169.8
22 2011. 06. 04 | 751 | 37.5| 542 | 53.9| 552 | 73.3 | 74.8 |100.6(114.5| 100.6 | 118.7 [105.1]|121.3| 98.3 |54.6|168.2| 79.4 | 168.6
23 2011. 06. 11 | 737 | 39.1 | 57.1 | 56.9 | 553 | 68.1 [ 73.7 | 97.4 [115.4| 100.0 | 116.2 [ 97.0 |119.2| 97.4 |54.7|161.3| 77.1 |163.7
24 2011. 06. 18 | 734 | 39.2 | 58.8 | 58.5 | 544 | 67.7 | 72.5 | 97.6 [ 114.8]| 100.0 | 116.2 [102.9]|116.5| 96.7 |53.0|157.6| 77.2 | 160.0
25 2011. 06. 25 | 755 | 40.1 | 58.8 | 58.4 | 529 | 67.2 [ 70.0 | 97.5 [116.0| 99.0 | 138.8 [106.9]119.6| 96.6 |52.31172.3| 76.5 |163.3
26 2011. 07. 02 | 747 | 382 | 51.5 | 51.0 | 49.8 | 67.6 [ 70.3 | 97.7 [117.4| 94.1 | 145.0 ( 92.2 |122.2| 97.0 |47.8[179.3| 78.1 | 170.0
27 2011. 07. 09 | 752 | 37.7 | 49.5 | 49.1 | 49.7 | 67.7 | 72.3 |105.2|116.8| 92.7 | 142.0 [ 91.9 |116.6| 97.0 |47.5[183.7| 93.3 | 166.8
28 2011. 07. 16 | 744 | 37.5|49.5 493 | 49.7 | 72.5 | 81.5 |102.1|116.7| 97.2 | 128.4 | 91.7 |115.3| 97.4 |47.6|177.7| 86.8 | 162.3
29 2011. 07. 23 | 740 | 37.6 | 50.4 | 50.0 | 50.1 | 75.8 | 84.1 |103.0{115.7) 110.1 | 118.5 [ 91.2 |115.1| 97.3 |47.6]167.2| 82.7 | 158.7
30 2011. 07. 30 | 725 | 37.3 | 49.5| 492 | 489 | 70.8 | 76.0 |102.1{114.9| 114.7 | 116.1 | 87.6 [119.0| 97.1 [45.4[157.9| 80.0 | 157.1
31 2011. 08. 06 | 717 | 37.1 | 47.5 | 47.3 | 48.0 | 70.4 [ 73.6 [100.9]114.5| 122.3 | 115.4 | 87.3 |118.5| 97.1 |44.9]1149.4| 78.5 |153.3
32 2011. 08. 13 | 705 | 36.1 | 46.3 | 459 | 473 | 69.5 [ 71.8 | 985 [114.2]| 122.7 | 116.8 | 88.4 | 115.0( 97.0 |44.4|140.6| 77.5 | 148.8
33 2011. 08. 20 | 692 | 34.8 | 46.1 | 459 | 47.1 | 66.8 [ 72.5 | 97.5 [112.6| 1158 | 115.7 [ 91.7 | 113.5| 96.0 |43.3]133.0| 75.3 | 146.3
34 2011. 08. 27 | 691 | 34.8 | 47.3 | 474 | 473 | 659 71.9 | 96.0 [ 109.8| 100.9 | 130.0 [ 95.6 |114.2| 94.9 |43.3[136.1| 75.0 | 141.9
35 2011. 09. 03 | 679 | 345 | 47.0 | 47.0 | 473 | 65.0 [ 69.4 | 955 [105.6] 93.8 | 122.6 | 92.7 |115.7| 94.6 |43.1[139.0| 74.9 | 138.9
36 2011. 09. 10 | 674 | 33.9 | 45.7 | 45.6 | 46.6 | 64.0 [ 69.1 | 95.1 [103.1| 90.0 | 123.6 115.51 93.3 [42.5(139.9| 74.9 | 134.9
37 2011. 09. 17 | 680 | 33.9 | 45.0 | 44.8 | 464 | 68.0 [ 84.7 | 96.5 [101.5| 90.1 | 1239 114.9]1 92.7 [42.4(137.9| 73.6 | 133.8
38 2011. 09. 24 | 693 | 34.0 | 453 | 45.1 | 49.1 | 79.2 | 88.7 | 97.4 [ 100.4| 90.0 | 1242 115.2] 92.0 (44.3(139.0| 72.8 | 140.7
39 2011. 10. 01 | 694 | 33.6 | 43.1 | 429 | 473 | 743 | 857 | 97.5|98.7| 90.0 | 1243 114.51 90.6 [42.9(147.7| 73.7 | 150.8
40 2011. 10. 08 | 744 | 32.4 | 419 | 41.5| 54.6 | 83.6 [ 98.3 |103.5| 97.4 | 92.0 | 121.7 112.5] 89.0 [46.7(158.9| 83.7 | 159.0
41 2011. 10. 15 | 814 | 32.6 | 43.4 | 43.1 | 60.4 |102.4( 133.2 |114.2| 98.0 | 108.9 | 120.3 114.0| 88.9 [47.4(172.4| 92.2 | 158.3
42 2011. 10. 22 | 842 | 32.7 | 48.7 | 484 | 56.5 | 92.8 [ 1452 |128.1]106.3| 113.7 | 120.0 124.0] 97.6 [46.6(183.9]107.9| 165.8
43 2011. 10. 29 | 808 | 34.6 | 53.9 | 53.7 | 56.5 | 79.1 [ 117.8 |114.1|110.8| 107.6 | 120.2 127.11 99.9 [53.7(185.7| 97.5 | 168.3
44 2011. 11. 05 | 766 | 33.8 | 49.5 | 49.2| 56.2 | 78.0 [ 89.8 |101.2]109.4| 97.3 | 133.4 129.6] 96.9 [54.3(184.4| 80.0 | 163.7
45 2011, 11. 12 | 769 | 39.0 | 549 | 54.6 | 57.3 | 76.6 [ 79.8 | 98.3 [109.3| 93.5 | 149.3 129.01 97.7 [56.9(182.4| 79.8 | 159.0
46 2011. 11. 19 | 785 [ 42.5| 63.6 | 63.2 | 61.6 | 73.4 | 754 | 973 [112.8]| 116.8 | 142.7 122.31103.1(61.3(178.3| 80.0 | 157.4
47 2011. 11. 26 | 785 | 42.6 | 65.7 | 652 | 622 | 73.9  75.7 | 97.0 [ 113.7| 122.3 | 131.5 118.8|103.1(61.1(179.8| 78.5 | 158.3
48 2011. 12. 03 | 783 | 382 | 59.6 | 59.2 | 61.9 | 843 | 82.8 | 954 [116.3]| 116.6 | 129.0 118.6|104.0(60.1 [ 181.5| 75.5 | 160.3
49 2011. 12. 10 | 796 | 38.4 | 58.9 | 58.7 | 60.0 | 78.4 [ 88.1 |110.4|116.8| 100.3 | 124.8 118.2]1103.5(58.3(179.6| 87.2 | 156.3
50 2011. 12. 17 | 865 | 37.3 | 57.4 | 57.0 | 60.4 | 86.9 [ 94.3 |135.6[118.1]| 126.9 | 136.0 128.6|103.8(57.7(186.9]116.5| 158.0
51 2011. 12. 24 | 906 | 37.1 | 58.2 | 57.8 | 67.2 | 91.0 [ 112.8 |124.3]120.0| 118.8 | 138.5 134.2]1105.4(60.8(221.6| 98.8 | 181.7
AT 782 | 37.1 533 | 53.0 564 | 782 | 838.3 [103.4|110.8| 108.2 | 1352 | 97.6 [125.3]| 98.2 [52.9(169.2| 97.5 | 171.6
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Table 4 Route Description for Baltic Dirty Tanker Index

Route Description DWT

TD1 | ME. Gulf to US Gulf 280,000
TD2 | M.E. Gulf to Singapore 260,000
TD3 | M.E. Gulf to Japan 250,000
TD4 W. Africa to US Gulf 260,000
TD5 | W. Africa to USAC 130,000
TD6 Cross Mediterranean 135,000
TD7 North Sea to Continent 80,000
TD8 | Kuwait to Singapore (Crude and/or DPP Heat 135F) 80,000
TD9 Caribs to US Gulf 70,000
TD10 | Caribs to USAC - Double hull vessel 50,000
TDI11 | Cross Mediterranean 80,000
TD12 | Trial ARA(Antwerp, Rotterdam, Amsterdam) to US Gulf 55,000
TD14 | Trial Indonesia to Japan 80,000
TD15 | W. Africa to China 260,000
TD16 | Black Sea to Mediterranean 30,000
TD17 | Baltic to UK-Cont 100,000
TDI18 | Baltic to UK-Cont 50,000
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Table 5 Ship Sets for Case Example 1

ID Size Utility Open Date | Initials Port | Cargo Type Name
275 50 3 Singapore 5678 G.Glory

2 314 44 5 Basrah 5678 M.Star

3 297 37 7 Bonga 5678 New Creation
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Table 6 Cargo Sets for Case Example 1
World | Load Load Disch )
ID | SIZE Load Port Disch Port | Type
Scale Date | Interval Date
1 265 368 22 1 Djeno 34 Houston 6
2 245 165.5 60 1 Fujairah 66 Singapore 8
3 155 201.5 18 1 Kharg Island 42 Dalian 5
4 215 259.5 13 1 Al Shaheen 25 Ulsan 7
5 235 309 40 1 Dalia 52 Houston 7
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Table 7 All Feasible Schedules by utilizing MoDiSS

c E . Number of Number of Max Value Number of
ase Example .
P Ship Sets Cargo Sets (10 Thousand dollars) Feasible Schedules

| | SHIP SET 1 3 s 071 18
CARGO SET 1

2 SHIP SET 2 3 6 1009 23
CARGO SET 2
SHIP SET 3

3 CARGO SET 3 6 i 1630 >

, | SHIP SET 4 ¢ s 2357 300
CARGO SET 4

, | SHIP SET 4 R s 2415 270
CARGO SET 5

¢ | SHIP SET 4 X s 2640 270
CARGO SET 6

7 SHIP SET 4 3 15 2595 284
CARGO SET 7

o | SHIP SET 4 ¢ s oo 286
CARGO SET 8
SHIP SET 5

9 CARGO SET 4 1 y [~ 7

|0 | SHIP SET 5 0 B - 166
CARGO SET 5

|| | SHIP SET 6 0 o B 167
CARGO SET 6

|, | SHIP SET 7 0 s T4 183
CARGO SET 7

|3 | SHIP SET 8 " Y/ 2900 196
CARGO SET 8

14 | SHIP SET 9 s 55 soa4 167
CARGO SET 9
SHIP SET 9

15 CARGO SET 10 15 30 981 [

|¢ | SHIP SET 10 s )5 sou 520
CARGO SET 9

|, [LSHIP SET 10 s 20 4981 713
CARGO SET 10

|g | SHIP SET 11 2 30 467 1036
CARGO SET 11

1o | SHIP SET 11 20 3 6855 1695
CARGO SET 12

5o | SHIP SET 12 20 30 467 390
CARGO SET 11
SHIP SET 12

21 CARGO SET 12 20 33 . 2
SHIP SET 13

22 30 40 7838 2432

CARGO SET 13
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Fig.9 The Variance-Covariance Matrix for Case Example 1 by utilizing Excel
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Table 8 Robust Tanker Scheduling for Case Example 1

Required . . . . . . .
Ship Op. . Loading Loading Discharging | Disch. Total Variance
Level of Name Cost Cargo ID| - Freight Port Date Port Date Profit of Profit
Profit
CD 4 | 259.5 Al Shaheen 13 Ulsan 25
G.Glory 50
CD 2 | 165.5 Fujairah 60 Singapore 66
100% g J gap
’ 971 | 702
O71) M.Star 44 | CD_5 309 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 | 259.5 Al Shaheen 13 Ulsan 25
M.Star 44 971 702
(922.45) CD 2 | 165.5 Fujairah 60 Singapore 66
New Creation | 37 | CD_5 309 Dalia 40 Houston 52
G.Glory 50 | CD_1 368 Djeno 22 Houston 34
90% CD 4 | 259.5 Al Shaheen 13 Ulsan 25
M.Star 44 971 702
(873.9) CD 2 | 165.5 Fujairah 60 Singapore 66
New Creation | 37 | CD_5 309 Dalia 40 Houston 52
G.Glory 50 | CD.3 | 201.5 Kharg Island 18 Dalian 42
85% CD 4 | 259.5 Al Shaheen 13 Ulsan 25
M.Star 44 863.5 | 599.88
(825.35) CD 2 | 165.5 Fujairah 60 Singapore 66
New Creation | 37 | CD_1 368 Djeno 22 Houston 34
G.Glory 50 | CD_1 368 Djeno 22 Houston 34
80%
76 "8) M.Star 44 | CD_4 | 259.5 | Al Shaheen 13 Ulsan 25 | 805.5 | 404.55
New Creation | 37 | CD_5 309 Dalia 40 Houston 52
G.Glory 50 | CD_1 368 Djeno 22 Houston 34
75%
M.Star 44 | CD_4 | 259.5 Al Shaheen 13 Ulsan 25 | 805.5 | 404.55
(728.25)
New Creation | 37 | CD_5 309 Dalia 40 Houston 52
G.Glory 50 | CD_1 368 Djeno 22 Houston 34
70%
679.7) M.Star 44 | CD 3 | 201.5 Kharg Island 18 Dalian 42 698 | 328.27
New Creation | 37 | CD_4 | 259.5 Al Shaheen 13 Ulsan 25




Table 9 Robust Tanker Scheduling for Case Example 2

Required . .
Ship Op. ) Total | Variance of
Level of Cargo ID Freight
Name Cost Profit Profit
Profit
CD 2 305
M/V James 65
100% CD 5 314
1009 1606.8
(1009) M/V Grace 80 CD 1 285
M/V Duke 70 CD 3 320
CD_1 285
M/V James 65
95% CD_3 320
959 1104.43
(958.55) M/V Grace 80 CD 4 208
M/V Duke 70 CD 6 271
CD_1 285
M/V James 65
90% CD_3 320
959 1104.43
(908.1) M/V Grace 80 CD 4 298
M/V Duke 70 CD 6 271
CD_1 285
M/V James 65
85% CD 3 320
959 1104.43
(857.65) M/V Grace 80 CD 4 298
M/V Duke 70 CD 6 271
CD_1 285
M/V James 65
80% CD_3 320
959 1104.43
(307.2) M/V Grace 80 CD 4 298
M/V Duke 70 CD 6 271
CD_1 285
75% M/V James 65
CD 3 320 758 768.43
(756.75) =
M/V Grace 80 CD 4 298
CD_1 285
70% M/V James 65
CD 3 320 741 509.83
(706.3) -
M/V Duke 70 CD_6 271
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Table 10 Robust Tanker Scheduling for Case Example 3
Requirffr]o%tevel of Ship Name Op. Cost | Cargo ID Freight Total Profit Varlifr‘g%et of
CD 2 165.5
G.Glory 50 D 8 258
100% M.Star . 44 CD 5 309
New Creation 37 CD 7 311 1650 1691.91
(1650) New Resource 33 CD 1 368
OS Arcadia 50 CD 4 259.5
OS Concord 56 CD 6 249
G.Glory 50 CD 1 368
CD 2 165.5
05% M Star 4 CD 4 259.5
New Creation 37 CD 5 309 1602.5 1581.1
(1567.5) New Resource 33 CD 8 258
OS Arcadia 50 CD 3 201.5
OS Concord 56 CD 7 311
G.Glory 50 CD 1 368
CD 2 165.5
00%% M.Star 44 D 4 2505
New Creation 37 CD 5 309 1602.5 1581.1
(1485) New Resource 33 CD 7 311
OS Arcadia 50 CD 3 201.5
OS Concord 56 CD 8 258
G.Glory 50 CD 1 368
M.Star 44 CD_3 201.5
85% New Creation 37 CD 4 259.5 1437 1352 45
(1402.5) New Resource 33 CD 5 309
OS Arcadia 50 CD 7 311
OS Concord 56 CD_8 258
G.Glory 50 CD 1 368
CD 2 165.5
80% M - CD:4 259.5 1341 1198.13
(1320) New Creation 37 CD 5 309 = ’
New Resource 33 CD 3 201.5
OS Concord 56 CD 8 258
G.Glory 50 CD 1 368
CD 2 165.5
75% M.Star " CD_4 259.5 13415 1198.13
(1237.5) New Creation 37 CD 3 201.5 ’ ’
New Resource 33 CD 5 309
OS Concord 56 CD 8 258
G.Glory 50 CD 1 368
o CD 2 165.5
70% M Star 4 CD 4 2595 1196 807.32
(1155) New Creation 37 CD 8 258
New Resource 33 CD 5 309
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