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Abstract

As the suitability of berth allocation will ultimately have a significant influence on the
performance of a berth, a great deal of attention should be given to berth allocation.

Generally, a berth allocation problem has conflicting factors between servers and users.
In addition, there is uncertainty in great extent caused by various factors such as
departure delay, inclement weather on route, poor handling equipment, a lack of storage
space, and other factors contribute to the uncertainty of arrival and berthing time. Thus, it
is necessary to establish berth allocation planning which reflects the positions of
interested parties and the ambiguity of parameters.

For this, a berth allocation problem is formulated by fuzzy 0-1 integer programming
introducing the concept of Maximum Position Shift(MPS). But, the above approach has
limitations in terms of computational time and computer memory when the size of
problem is increased. It also has limitations with respect to the integration of other
sub-systems such as ship planning system and yard planning system.

For solving such problem, this paper focuses particularly on developing an efficient
heuristic algorithm as a new technique of getting an effective solution.

And also the suggested algorithm is verified through the illustrative examples and
empirical appalication to BCTOC.
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Table 2.1 Berth allocation type and
objective value for 40 ships by
enumeration method

Objective

MPS|Berth value

Index set

2.4,6,8 10 38,16, 13, 19, 35, 17,
24. 39. 30. 37. 21. 26. 33. 40. 32
13,579 11, 12, 28, 14, 15, 18,
34. 29. 25. 20. 36. 22. 23. 27. 31
A 38,16, 39, 24, 4, 2, 19, 35, 13, 17,
10, 26. 8. 30. 37. 40. 21. 33. 32. 6.
28342912, 7.9, 25 19, 20, 3,
11.27. 14, 36.1. 15,23 31. 5. 22

15 9434

39 9272

Table 2.2 Berth allocation form and objective value for 40 ships by heuristic method

Model 1

Model 2

MPS [ Berth Index Set

Objective
value value

Index Set Objective

16, 17, 19, 13, 24, 4, 2,
A ]1, 3. 5 35, 38, 10, 39,
15, 37, 26, 21, 40, 33

9, 18, 11, 15, 25, 14, 7, 31,
3,5, 36, 10, 38, 40, 16, 34, 469
33, 39, 37, 35

28, 34, 29, 25, 18, 12, 9,
B |7, 36. 27, 20, 14, 11, 3,
1, 31, 23, 15, 22, 5

15 12, 18, 9, 7, 25, 27, 28, 9465 1, 17, 13, 22, 6, 2, 28, 29,
B |29, 20, 34, 6, 8, 11, 36. 20, 4, 12, 8, 27, 26, 19, 32,| 453
14, 31, 30, 23, 22, 32 23, 30, 21, 24
38, 16. 39. 35, 24, 19, 31, 18, 38, 25, 9, 11, 40,
A |17, 13, 4, 2, 37, 30, 26, 14, 7, 36, 32, 23, 5, 34, 33.| 494
10, 8, 40, 33, 21, 32, 6 21, 3, 39, 37,
39 9272 37 35

1, 17, 28, 13, 29, 22, 15, 6,
2, 20, 12, 27, 26, 19, 4, 16, 458
10, 30, 8, 24
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Table 2.4 Objective value of model 1 and
model 2 by MPS(unit:hour)

Model 1 Model 2
Ship |MPS|Berth j j
® ST OBy 1y p gy | OB ) 4
value value
A 230 244
0 22 15
B 252 229
2'0 5 A 201 o5 306 8
ships B 226 298
A 220 296
5
B 200 20 296 0
A 418 465
1 5
B 4217 9 470
40 A 429 485
3 4 4
ships B 425 481
A 420 483
8 B 428 8 421 !

w2, & A7 FAFAL Hast =d
(2d1)& FAL= Avte =343 9 AFAZ

Table 2.3 Berth allocation type of model 1 and model 2

Ship MPS | Berth Modell Model 2
A 1,4,8,10,11,12,13,16,18,19 1,4%8.11.12,13.16.18.19,
. ! B 2,3.6,5,7,9,14,15,17,20 2,3,6,58.80.14,15,17.20
20 ships A 15,18,4,10,11,12,16,8,19,13 15,18,4,8.%.12,16.8,19.13
19 B 16.,2,3,14,20,7,1,9,5,17 8823142071958
A 16,17.19,13.24,4,2,1,3,5,35,38,1 { 16,17.19.13,88.4.2.1,3.5.35.38,
15 0,39,15,37,26,21,40,33 10,39,15,37,26,184.40,33
B 12,18,9,7,25,27,28,29,20,34,6.8, | 12,18,9,7,25,27,28,29,20.8%.6.8
] 11,36,14,31,30,23,22,32 .11,188.14,31,30,23,22,32
40ships A 28,16,39.35,24,19,17,13.4,2,37, | 38,16,39,35,24,19,17,13.4,2,37,
30,26,10,8,40,33,21,32,6 30,26,10,1¥ 40,33,21,32.6
39 B 28.34,39,25,18,12,9,7,36,27,20, |28,34,29,25,18,12,9,7,36,27,20,
14,11,3,1,31,23,15,22,5 14,11,3,1,8.23,15,22,5
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A717HE 9695 0149 01Y 00A1 %€ 0149 15
d 24417k BCTOCH 13t A4t 623 L of
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Table 4.1 Berth allocation type and objective value for 40 ships by enumeration

method ( b;: 9000, d;: 500)
MPS Berth Index set Objective value |Degree of Satisfaction
2,4, 6, 8,10, 38, 16, 13,
A 19, 35, 17, 24, 39, 30,
37. 21, 26, 33. 40, 32
15 1.3 5 79 11 12 28 (8513, 9434, 10355) 0.69
B 14, 15, 18, 34. 29, 25,
20, 36, 22, 23, 27, 31
38, 16, 39, 24, 4, 2, 19,
A 35, 13, 17, 10, 26, 8, 30,
37. 40. 21, 33. 32. 6.
39 98 34 29 12 7.9 25, (8331, 9272, 10213) 0.811
B 19, 20, 3, 11, 27, 14, 36,
1. 15,23, 31. 5, 22

Table 4-2 Berth allocation type and objective value for 40 ships by heuristic method

(b;: 9000, 4;: 500)

.. Degree of
MPS |Berth Index Set Objective value satisfaction
A 16, 17, 19, 13, 24, 4, 2. 1, 3, 5, 35, 38, 10,
39. 15, 37. 26. 21, 40. 33
15 . 12 18 9. 7. 25 27, 28. 29, 20, 34. 6. 8. (8482, 9465, 10448) 0.686
11, 36, 14, 31, 30, 23, 22, 32
A 38, 16, 39, 35, 24, 19, 17, 13, 4. 2, 37, 30,
26. 10, 8, 40. 33, 21, 32, 6
39 B 28, 34, 29, 25, 18, 12, 9, 7, 36, 27, 20, 14, (8331, 9272, 10213) 0.811
11. 3. 1. 31. 23..15, 22. 5
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Table 4.3 Berth allocation type and objective value for BCTOC

Berth Index set

Objective values

1 |2, 10, 19, 23, 29, 31, 1, 33, 40, 45, 49, 46, 59, 53

4, 8,13, 12, 7, 22, 27, 18, 34, 37, 47, 41, 51, 54, 57, 60, 62,

(19763, 21140, 22517)

2
3 |3.11, 9,17, 20, 26, 30, 25, 48, 35, 43, 44, 56, 58, 61
4 |6, 14, 5, 15, 16, 21, 28, 24, 32, 36, 39, 42, 38, 50, 52, 55

Table 4.4 Objective value of the proposed algorithm by MPS for BCTOC

(b; - 19500, 4; : 1500)

MPS Objective values Degree of Satisfaction
0 (19623, 20939, 22255) 0.489
1 (19572, 20884, 22196) 0.508
(19176, 20447, 21718) 0.658
9 (19102, 20366, 21630) 0.687
14 (18892, 20132, 21372) 0.769
15 (18868, 20105, 21342]) 0.779
Table 4.5 Objective value of enumeration and heuristic method
. Enumeration method Heuristic method {((B)—(A)}
x 1
1 (1973, 2408, 2843) (2007, 2447, 2887) 1.7(39 hrs)
20ships 5 (1921, 2219, 2517) (1926, 2257, 2588) 1.7(38 hrs)
19 (1714, 2104, 2493) (1714, 2104, 2494) 0.0(00 hrs)
15 (6945, 7730, 8515) (8482, 9465, 10448) 0.3(31 hrs)
40ships 30 (8339. 9280, 10221) (8339, 9285, 10231) 0.1(05 hrs)
39 (8331, 9272, 10213) (8331, 9272, 10213) 0.0(00 hrs)
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