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1. Introduction

This paper is concerned with the multiple container loading problem with rectangular boxes
of different sizes and one or more containers, which means that the boxes should be loaded
into the containers so that the waste space in the containers are minimized or the total value
of the boxes loaded into the containers is maximized. Several approaches have been taken to
solve this problem (Ivancic et al., 1989; Mohanty et al., 1994; George, 1996; Bortfeldt, 2000;
Eley, 2002; Eley, 2003; Takahara, 2005; Takahara, 2006). The aim of this paper is to propose
an efficient greedy approach for the multiple container loading problem and to contribute to
develop a load planning software and applications.

The problem considered in this paper is the three-dimensional packing problem, therefore it
is known to NP-hard. This implies that no simple algorithm has been found so far. In this
paper this problem is solved by a relatively simple method using a two-stage strategy.
Namely, all boxes are numbered and for the sequence of the numbers a greedy algorithm of
loading boxes into containers is considered. This greedy algorithm is based on first-fit
concept (Johnson et al., 1974) and determines the arrangement of each box. This algorith try
to load the boxes all kind of containers and select the best arrangement result. It's requires a
box loading sequence and a set of orientation orders of each box type for each container
type.

Each box is tried to load according to these dynamic parameters. Moreover, a static
parameter overhang ratio is introduced here. This is a percentage of the bottom face area of
the loading box that isn’t supported with other boxes that are below. As shown by Takahara
(Takahara, 2006), if this parameter is different, the arrangement given this algorithm is
different in spite of using a same pair of the loading sequence and the orientation orders.
Some initial pairs of solution, that is a box loading sequence and a set of orientation orders
of each box type, are selected among some rules, which are given beforehand. This solution
is altered by using a multi-start local search approach. The local search approach is used to
find a good pair of solutions that is brought an efficient arrangement by the greedy loading
algorithm. The arrangement obtained in the iterations is estimated by volume utilization or
total value of the loaded boxes.

The effectiveness of the proposed approach is shown by comparing the results obtained
with the approaches presented by using benchmark problems from the literature. Finally,
the layout examples by the application using the proposed approach for container loading
are illustrated.

Source: Advances in Greedy Algorithms, Book edited by: Witold Bednorz,
ISBN 978-953-7619-27-5, pp. 586, November 2008, I-Tech, Vienna, Austria
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2. Problem description

The multiple container loading problem discussed in this paper is to load a given set of
several boxes of varying size in one or more different containers so as to minimize the total
volume of required containers or to maximize the total value of loaded boxes. This problem
includes two kinds of problem, one is the problem with one container type and the other is
the problem with different container types.

Before presenting the problem formulation, some notations used this paper are defined.

Let n be the number of types of boxes and let P = {1,..., n} . The box, the volume, the value
per unit volume and the number of a box of type i, i € P, are denoted by b;, v;, ¢; and m;,
respectively. Each box of type corresponds to integer i , i € P, and all permutations of the
numbers p ={ 6: 0 (by,..., bj,..., by), i€ P} are considered. The number of boxes is denoted by
T,ie. T= Z:J:lm!..

Let N be the number of types of containers and let Q = {1,..., N}. The container, the volume
and the number of a container of type i, h € Q, are denoted by C;, V; and M;, Thus, if N =1,
then this problem is the one container type problem.

The boxes can be rotated. In consequence, up to six different orientations are allowed. Hence
the rotation variants of a box are indexed from 1 to 6, an orientation order of each box type i
to load to the container type h is denoted by r" =(u/.....u"). If an edge (i.e. length, width or
height) placed upright, the box of type i can take two orientations among them. Each box of
type i is tried to load to the container of type h according to this orientation order r". Here, a
set of orientation orders A4 = {u: gt =(r",...,r)"),h € O} is considered.

For each o € pand y € A, an algorithm that will be described below is applied, and loading
positions of boxes are determined. The optimal solution is found by changing this
permutation and this set of orders.

Practical constraints which have to be taken into account are load stability, weigh
distribution, load bearing strength of boxes and so on. In this paper, in order to consider the
load stability and vary the arrangement, overhang parameter y is introduced. This is a
percentage of the bottom face area of the loading box that isn’t supported with other boxes
that are below. Therefore, a box isn’t allowed to be loaded to the position in which this
parameter isn’'t satisfied. Generally, y takes the value from 0% to 50%. Suppose that other
constraints aren’t taken into account here.

A loading algorithm A and a criterion F must be prepared for solving this multiple container
loading problem. A is greedy algorithm and determines the arrangement of loading position
of each box X according to the sequence o and the set of orientation orders y within the
range of y . This algorithm try to load the boxes to all kind of containers and select the
container provided the best result. When all boxes are loaded by this algorithm and the
arrangement is determined, the criterion F can be calculated. The arrangement is estimated
by volume utilization and the total value of the loaded boxes. If the result required the
number of container of type h is M, and the number of the loaded box of type i is m;, the
volume utilization is represented by

=" v /3" VM, (1)

Moreover, the total value of the boxes loaded into the containers is represented by
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W=D v @

In this paper, the objective is to maximize the volume utilization and the total value of
loaded boxes. Therefore, the criterion F is denoted by

Flo,uy)=alU + W 3)

where a, f are constant number that depend on the problem. The optimality implies that
this factor is maximized. Thus, the multiple container loading problem is denoted by

rr:—';J.EEE]E;;-iS!! FTJ} ;IE },) (4)
When the calculation method for F( o, y, y) is specified, the multiple container loading
problem can be formulated as above combinatorial optimization problem. It naturally is
adequate to use local search approach to obtain the optimal pair of the box sequence ¢ and
the set of orientation orders y . It is supposed that the overhang parameter y is given before
simulation. It should be noticed that the greedy loading algorithm and the multi-start local
search can separately be considered.

3. Proposed approach

3.1 Greedy loading algorithm

“Wall-building approach (George & Robinson, 1980)” and “Stack-building approach (Gilmore &
Gomory, 1965)” are well-known as heuristic procedure for loading boxes in container.

In this paper, first-fit concept is used as basic idea. Therefore, the proposed greedy loading
algorithm consecutively loads the type of boxes, starting from b, to the last b,. Since the total
number of boxes is T, the box b;(k=1,..,T) is loaded to the position pi in the container.
Therefore, the arrangement of boxes X is denoted by

X(G—'!#’;V]:{pﬁ kzls’T} (5)

If the box b, (k=1,..,T) is loaded in the container C;, h €Q, i=1,..., Mj ,that means p;, € C,. The
loading position py is selected from a set of potential loading areas Si, which consists of the

container floor and the top surface of the boxes that have been already loaded. Therefore,
the set of potential loading areas here is

Sy =(8505,) (6)

where gi is the number of potential loading areas after loading k-1 boxes. The potential
loading area is defined by a base point position, the length and the width. The base point is
a point near the lower far left corner of the container. For example, in case of k =1, the
number of potential loading areas is 1 and s; is the container floor.

In order to solve this multiple container loading problem, the method can be divided by two
parts. The first part is single container part, and the other part is different container part.
The single container part algorithm is to solve single container loading problem.

The single container part algorithm SCA uses the following steps.

[Algorithm SCA]

Step 1: Set the sequence o = (by,..., by), the set of orientation orders u=(r",...r") and the

overhang parameter y for loading boxes;
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58 Advances in Greedy Algorithms

decide the set of initial potential loading area Sy;
seti=1,k=1,and j = 1 as index for the current box type, the current box, and the
current orientation, respectively.
Step 2: If i < n, then take the box of type b; for loading, else stop.
Step 3: If all boxes of type b; are already loaded, then seti =i +1, j =1 and go to Step 2.
Step 4: Scan the set of loading area Sy and find the loading position.
If a position that can be loaded is not found, then go to Step 6.
Step 5: Load the box on the selected position by Step 4.
Set k = k +1 and update the set of loading area Sy.
If the boxes of type b; are remained, then go to Step 2, else go to Step 7.
Step 6:If j <6, thenj =j +1 and go to Step 4.
Step 7: If k< T, thenseti =i +1,j =1 and go to Step 2, else stop.
This algorithm uses the orientation order of each box. The box of type b; is arranged in the
orientation of 4, ; in Step 3. If the current orientation is not permitted, skip Step 3 and go to
Step 5 to take next orientation that is determined by r, . Each box has a reference point in any

of the six orientations. This point is set to the lower far left corner of the box and is used for
scanning the potential loading areas in Step 4. A position that the box is loaded means a
position in which the reference point of the box is put. For scanning each potential loading
area, the reference point is set on the base point and is moved to the direction of the width
and the length. The potential loading area is examined by the order of Sy, that is, from s; to
s,,. The position in which the box can be loaded is where it doesn’t overlap with other boxes

that are already loaded and the overhang parameter of this box is y or less.
The update procedure of the set of potential loading area in Step 5 is as follows:
1. Update current area
If the box is loaded to the base point of the selected loading area, the area is deleted.
When it is loaded to other positions, the area changes the dimension of the length or the
width, and remains.
2. Create new loading area
New loading areas, that is, a top face of the box, a right area of the box and a front area
of the box, are generated if the container space and the loading area exist.
3. Combine area
If the height of the base point of new loading area is same as the height of the base point
of an existing loading area, and the new area is adjacent to the existing area, they are
combined into one area.
4. Sort area
In order to determine the order by which the loading area is examined, the existing
loading areas are rearranged.
Generally, lower and far position in the container is selected as the loading position at first.
In this paper, therefore the loading areas are sorted into the far lower left order of the base
point position. Namely, the loading priority is given in the order of a far position, a lower
position and a left position.
This algorithm is denoted by SCA( o, 1, v, h, i), where h €Q, i =1,...,M},, and the arrangement
result of SCA( o, p, v, h, 1) is denoted by R;.

R ={p,:p, eClk=1..T} )

www.intechopen.com



A Multi-start Local Search Approach to the Multiple Container Loading Problem 59

The criterion of this result R, is represented by

] i T r r [N i
F'(R,)=a Z;J Vi /V.fr + ﬁz“ vie, (P, €C}) 8)

where V; is the volume of the box b;, and ¢; is the value of the box b;. This is a partial
criterion value.

The different container part algorithm is to try to load the boxes to all kind of left containers
so as to determine the type of containers that is used. Therefore the g -th best arrangement

R%is denoted by
F'(R") = max F'(RY™"y (M), =0,...M, -1) 9

where M; is the number of required containers of type h before he g -th arrangement. The
different container part algorithm DCA uses the following steps.

[Algorithm DCA]

Step 1: Set the sequence ¢ = (by,..., by), the set of orientation orders u=(7',...r") and the

overhang parameter y for loading boxes;
set h =1 and g =1 as index for the current container type and number of required
containers.

Step 2: If h < N, then take the container of type h €Q, else go to Step 5 .

Step 3: If the containers of type /1 aren’t remained, then set h = h + 1 and go to Step 2.

Step 4: Solve SCA( o, u, v, h, M;q +1).

Seth=h+1and go to Step 2.

Step 5: Select the best result R7.
If all boxes are loaded, then set g = gmax and stop,

else if g < Z;lM, seth=1,q=q+1 and go to Step 2.
else stop.
This algorithm is denoted by DCA( 0, i, y) and determines the container that loads the boxes

one by one. This is also greedy algorithm and gmax is the number of required containers of
this multiple container loading problem. The final arrangement result is represented by

X(o, i, ) =R 1q=1,..,q,,. } (10)

Therefore, the criterion of the result X (o, y, y) is F( 0, 4, y).

3.2 Multi-start local search

The multi-start local search procedure is used to obtain an optimal pair of the box sequence
o and the set of orientation orders y. This procedure has two phases. First phase is decision
of initial solutions using heuristics, and second phase is optimization of this solution using
local search. Let msn be the number of initial solution and let Isn be the iteration number in
local search. This procedure follows the original local search for each initial solution without
any interaction among them and the random function is different at each local search.

At first phase, a good pair as an initial solution is selected. Therefore a heuristic rule that is
related to decision of the box sequence ¢ is prepared. Another solution y is selected at
random.
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At second phase, an optimal pair is found by using local search. The neighborhood search is
a fundamental concept of local search. For a given o, the neighborhood is denoted by Ni(0).
Here, for o = (by,...,bs) ,

N (o)={r:t=(b,..b_,.b.b,,,..b b, ,b,+,,.._,b,r},|f— k| < nsb} (11)

for all combinations of 1 < k,/ <n, k # | and nsb is a neighborhood size. That is, two numbers
bi ,bi of a permutation o are taken, and they are exchanged. If nsb = 1, this neighborhood
only swap two adjacent numbers. For a given y, the neighborhood is denoted by Nx(i).
Here, for y = (1,.., ¥,

N,()={v:o=0" .t ssr! ) he O}

I _{ ] Lo L I
o =AU ety s Uy s Uiy gyses

(12)

h

. f 1] ) I
igr-nys Uig s U Uy )

TR Nt 11

for all combinationsof 1<i<n,1<h<N,1<kl<6,k#1.Thus, one order rf’ of a set of

I

orders y is taken; two numbers H:I‘Jn.'f

of the selected order are taken, and they are
exchanged. In this neighborhood, suppose that a neighborhood size nsr is the number of the

exchange operation.
The local search in the neighborhood consists of generating a fixed number of pair of
solutions T,...,Tisx in N1(0) and vy,...,05s, in N2(p), and finding the best pair of solution 7 and U:

F(z,0,y)= max F(r,,u,,7) (13)

k=l,...,.k

Assume that the pair of j -th initial solutions are denoted by ¢, j;, yj, the optimal solution is
found by

F(6,f1,7)= max F(&,,4,.7,) (14)

The method of multi-start local search MSLS are describes as follows.

[Algorithm MSLS]

Step 1: Setj =1, 1 =1. _

Step 2: If j < msn , then set random seed rs; and decide the sequence &, the set of orientation
orders ,tc'; and the overhang parameter y ;, else stop.

Step 3: Set 0* = Jj,y* = ﬂj

Step 4: If i < Isn , then solve DCA( c:r;, ,ui, Yj ), else go to Step 7.

Step 5:If F (0%, p*, ;) <F (&, L, 1), thenseto* = o, y* = p1.

Step 6: Set i =i + land select fj"J eNi(0*) and ﬂ; eNa(u*).
Go back to Step4.

Step 7:1f j =1, then set 6 =0 *, fi=p*and 7 =y;
elseif F (6, [, 7)<F (0 *, u*, vj), then 6 =0*, g=p*and y =y;.

Step 8:Setj=j+1,i=1and go to Step 2.

In this algorithm, 0'} and ,ul. (j =1,..,msn) are initial solutions and optimal arrangement

result is represented by X(&,4, 7). The j-th local search uses the random seed rs; to
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determine the initial solution and the next solution in the neighborhood. The move strategy
of this local search is first admissible move strategy as shown by this algorithm.

4. Computational experiments

4.1 Configuration
The tested method of multi-start local search procedure is shown below. At first phase, only

one rule is required. The following rules are used to decide an initial solution of .

(R1) Sorting in decreasing order of the box volume v;, i € P.
(R2) Sorting in decreasing order of the box value c;, i € P.

These rules are used properly by problem type. If the object of the problem is to maximize
the volume utilization, the rule R1 is used, and if the object of the problem is to maximize
the total value of the loaded boxes, the rule R2 is used. Therefore the initial solution of box
sequence is all same at any j, j = 1,..., msn.

Another initial solution of x, which is the order of orientation r'=(ul

,u.. ) for each box

HERE

of type i are selected using a random function initialized random seed rs;. The random
function used here is linear congruential method.

The static parameter overhang ratio y is important factor as shown by Takahara (Takahara,
2006). However, y is fixed here for the simplification.

In order to show the effectiveness of the approach above described, the test cases from the
literature were taken. Three kinds of test cases, that is the bin packing type multiple
container loading problem with one container type, the bin packing type multiple container
loading problem with different container type and the knapsack type multiple container
loading problem, are taken.

As the bin packing type multiple container loading problem with one container type, the 47
examples of Ivancic et al. (Ivancic et al., 1989) are used here. The objective of the problems of
Ivancic et al. is to find a minimal number of required containers load all given boxes. Each
problem consists of two to five box types where only one container type is available. The
problems of Ivancic et al. are denoted by IMMO1 to IMM47.

As the bin packing type multiple container loading problem with different container type,
the 17 examples of Ivancic et al. (Ivancic et al., 1989) are used here. The objective of these
problems is to find the arrangement to maximize the volume utilization to load all given
boxes. The problems of these are denoted by IMM2-01 to IMM2-17.

In these two bin packing type problems, the constant numbers are & =1 and f = 0 in the
criterion (3) and the rule R1 is used to determine the initial solution of box sequence.

As the knapsack type multiple container loading problem, the 16 examples of Mohanty et al.
(Mohanty et al., 1994) are used here. The objective of this problem is to maximize the total
value of the loaded boxes. The problems are denoted by MMIO1 to MMI16. In this knapsack
type problem, the constant numbers are & = 0 and f =1 in the criterion (3) and the rule R2 is
used to determine the initial solution of box sequence.

The algorithm was implemented in C using MS Visual C++ 6.0. The results of this approach
were calculated on Xeon PC with a frequency 3.0GHz and 3GB memory.
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4.2 Comparison with other methods
In order to show effectiveness of the approach above described, this approach MSLS has

compared with other approaches. The following approaches were included the results of
three kinds of test problems:

e IV_1989, a heuristic approach (Ivancic et al., 1989);

e MO_1994, a heuristic approach (Mohanty et al., 1994);

e  B&R_1995, a heuristic approach (Bischoff & Ratcliff, 1995);
e BO_2000, a heuristic approach (Bortfeldt, 2000);

e EL_2002, a tree search approach (Eley, 2002);

e EL_2003, a bottleneck approach (Eley, 2003);

e TA_2006, a meta-heuristic approach (Takahara, 2006);

Table 1 presents the results for the 47 IMM problem classes. The parameters that were used
in MSLS are y =50, msn =5, Isn = 500, nsb =1 and nsr = 3 . The last column shows the total
number of required containers. The results show that MSLS could be obtained the minimum
number of total required containers than any other approach. But the result of the proposed
approach is same as the result of the SA-Combined of TA_2006. This is because the greedy
loading algorithm SCA is almost same as the loading algorithm that uses in TA_2006.
However, the performance of computational time of MSLS has been improved from that of
TA_2006 by 50%.

Table 2 shows the results for the 17 examples of three dimensional bin packing problem
with different container types. The parameters that were used in MSLS are y = 50 , msn =10,
Isn =1000 , nsb = 1 and nsr = 3 . The proposed approach obtained second highest average of
volume utilization. For the test cases of IMM2-04 and IMM2-17, best arrangements ware
found among these four methods. Fig.1 shows the best results found by the proposed
approach.

Table 3 shows the results for the 16 MMI examples of knapsack type problem. The
parameters that were used in MSLS are y =50, msn =10, Isn =1000 , nsb = 2 and nsr = 6 . The
proposed approach obtained third highest average of volume utilization. For the test cases
of MMIO8 and MMI15, best arrangements ware found among these four methods. Fig.2
shows the best results found by the proposed approach.

4.3 Effect of neighborhood size
The neighborhood sizes, that is nsb and nsr , are key parameters of the proposed approach.

nsb is the box sequence element ranges that can be exchanged. nsr is the number of iterations
in which the orientation order elements are exchanged. In order to show the effect of these
parameters, the following experiments have been done. The other parameters that were
used here are y = 50 , msn =10, Isn =1000 . Table 4 shows the Ivancic et al. with different
container types test problems results. The value in this table is volume utilization. If the
neighborhood size nsb grows, the effect of the neighborhood size nsr becomes small. In the
case of nsr = 3 or nsr = 4, the better results are obtained. Table 5 shows Mohanty et al. test
problems results. The value is the percentage of bounds. If the neighborhood size nsb
becomes small, the effect of the neighborhood size nsr becomes small. In the case of nsr =5
or nsr = 6, the better results are obtained.
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IV_1989 B&R 1995 BO 2000 EL_2002 EL_2003 TA_2006 MSLS

Number of  Number of  Numberof  Numberof  Numberof  Number of  Number of
Contamers  Contamers  Containers  Contamers  Containers  Containers  Containers

IMMOT 26 27 25 206 25 25 25
IMMO2 11 1] 1 10 10 10 n
IMMO3 20 2] 20 22 20 20 20
IMMO4 27 29 28 0 26 26 26
IMMOS 65 6] 51 51 51 51 51
IMMO6 10 10 T 10 10 10 1
IMMO7 16 16 16 16 16 16 16
IMMOR 3 4 4 4 4 4 4
IMMOY 19 19 19 19 19 19 19
IMM10 b} 53 55 55 35 55 55
IMMII 18 19 I8 18 17 141 16
IMMI2 55 35 53 53 53 a3 53
IMMI3 27 25 25 25 25 25 25
IMM14 28 27 2% 27 27 2 27
IMMI35 11 11 11 12 I 11 1
IMM16 34 2% 26 26 26 26 26
IMMI7 b & 7 7 7 7 7
IMMITR 3 3 2 | 2 2 2
IMMI19 3 3 3 2 3 3 3
IMM20 5 5 ] 2 5 5 5
IMM2Z1 24 24 21 26 20 20 20
IMM22 10 11 9 9 b 9 9
IMM23 21 22 20 21 20 20 20
IMM24 fi [ 6 6 [ - 3
IMM25 6 5 5 5 5 5 5
IMM26 3 3 3 3 3 3 3
IMM27 5 5 5 5 5 5 5
IMM28 10 11 I 10 10 10 1
IMM29 18 17 17 18 17 17 17
IMM30 24 24 22 23 22 22 22
IMM3I 13 13 13 14 13 13 13
IMM32 5 4 4 4 4 4 4
IMM33 b 5 5 5 5 S 5
IMM34 9 a9 § 4 8 8 8
IMM35 3 i 2 2 2 2 2
IMM36 18 19 14 14 14 14 14
IMM37 26 27 23 23 23 23 23
IMM38 50 56 45 45 45 45 45
IMM39 16 16 15 15 15 15 15
IMM40 9 10 9 9 b 9 9
IMM41 I6 16 15 15 15 15 15
IMM42 4 5 4 4 + 4 4
IMM43 3 3 3 3 3 3 3
IMM44 4 4 3 -+ 4 3 3
IMM45 3 3 3 3 3 3 3
IMM46 2 2 2 2 2 2 2
IMM47 4 3 3 3 3 3 3
Total T63 763 T05 Tl6 Hy9 698 HOs

Table 1. Results obtained for the problems from Ivancic et al. with one container type
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IV _1989 BO 2000 EL_2003 MSLS
Number of . MNumber of . Number of : Number of
alon STl A ol s o, cnan
o] type [%o] type [%4] type [%] type
IMM2-01 71.8 26/0 74.7 2510 74.7 2500 74.7 2510
IMMZ-02 87.3 25 873 25 88.5 17 88.5 in
IMM2-03 743 1/8 92.2 210 922 2/0 922 210
IMM2-04 84.1 1114 89 015 89 0/15 89.5 2111
IMM2-05 97.6 71316 95,1 1119/11 99.9 201317 99,7 771501
IMM2-06 97.6 4/6/1 99,7 4172 99,7 714/0 99.6 7110
IMM2-07 85.8 10/1/7 86.8 16/072 874 2/0/14 87.1 /(8
IMM2-03 95.8 3/0/26 97.9 710023 99.4 300125 98.7 11425
IMM2-09 922 71601 96.6 8/5/0 96.6 6/9/0 96.6 770
IMM2-10 90.6 1oz 90.6 102 90.6 1/012 90.6 1072
IMM2-11 81.2 3/3/11 85.9 0/4/10 884 9/2/5 877 1/6/4
IMM2-12 75 5/1/0 90.2 2111 935 3071 92.7 5/0/0
IMM2-13 853 9/1/5 87.8 14111 86.3 13172 &5 511172
IMM2-14 88.7 0/2/4 94 2111 94 2111 94 211
IMM2-15 76.3 30211 79.1 3/3/10 792 2311 78.7 I
IMM2-16 82.7 4/0/0 91.6 21/0 91.6 21110 §2.9 1141
IMM2-17 77.1 26/0 84.7 0/0/3 84.7 0/0/3 91.6 0/1/1
Average 849 89.6 90.3 90,0

Table 2. Results obtained for the problems from Ivancic et al. with different container types

IMM2-04 IMM2-17

Fig. 1. Layout results of Ivancic et al. with different container types test problems
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65

MO_1994 BO_2000 EL_2003 MSLS
Bound -~ e - - - -
Absolute lﬂ:fr’ ot Absolute Iﬂ(:ﬁnﬁl Absolute I«;Enﬂi Absolute Il';':j'rg
MMIOL 111120 86400 7.7 8640.0 71.7 8640.0 7.7 8640.0 7.7
MMIOZ 860160 834944 97.1 85120.0 99.0 85376.0 993 84224.0 979
MMIO3 535000 532625 99.6 53262.5 99.6 53262.5 99.6 52350.0 97.9
MMIO4 27206400 23334400 85.8 23334400 8§58 23078400 S48 233344000 858
MMIOS 6537500  495500.0 75.8 581250.0 88.9 583750.0 89.3 579250.0 88.6
MMIO6 1434240 138240.0 96.4 139584.0 97.3 141216.0 98.5 137952.0 96.2
MMIOT 202032 16668.0 82.5 17409.0 86.2 17004.0 842 17262.0 854
MMIOS 779868 657410 84.3 68645.6 8%.0 69121.2 88.6 69747.2 89.4
MMIOY 1393560  119772.0 85.9 128952.0 92.5 133632.0 95.9 128556.0 923
MMIO 153600 153600 100.0 15360.0 100.0 15360.0 100.0 15360.0 100.0
IMMITT  68353.2 49995.0 733 532028 17.8 52873.6 174 532028 77.8
MMIIZ 249640 235290 94.3 24235.2 97.1 23673.0 94.8 23990.4 96.1
MMII3 365568 365568 100.0 36556.8 100.0 36556.8 100.0 36556.8 100.0
MMII4 715520 564928 78.9 65316.8 913 687232 96.0 68723.2 96.0
MMIIS 420228 375588 87.5 39727.2 92.6 39382.2 91.8 40590.0 94.6
MMII6  666820.6  S$56458.0 83.5 595770.0 89.3 591535.0 88.7 571290.0 85.7
Average 87.7 91.4 QL7 91.3
Table 3. Results obtained for the problems from Mohanty et al.

MMI-15

Fig. 2. Layout results of Mohanty et al. test problems
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nsh= 1 nsb=1 nsh=1 nsh=2 nsh=2 nsh=2 nsh=3 nsh = nsh=3

nsr=2 nsr =4 nsr=§ nsr=2 nsr = 4 nsr =8 nisF =2 nsr =4 nsr =8
IMM2-01 74.67 74.67 7467 74.67 74.67 7467 74.67 74.67 74.67
IMM2-02 #7.34 87.34 87.34 £6.18 86,18 #7.34 86.18 ¥7.16 87.34
IMM?2-03 92.16 92.16 92.16 92.16 9216 9216 92,16 9216 92.16
IMM2-04 £9.48 K948 89.48 £9.72 89.72 #9.48 §9.72 89.72 84.07
IMM2-05 99.73 99,73 99,73 99,73 9973 99.73 99,73 99.73 99.73
IMM2-06 9965 99,65 99,65 99,65 99.65 99.65 99,65 99.65 99,65
IMM2-07 #7.09 8§7.09 87.00 87.09 87.09 #7.00 87.09 87.00 87.09
IMM2-08 9468 98,68 98,68 98.68 9868 98 68 08.68 98.68 98,68
IMM2-0% 96.63 96.63 93.30 96,63 96,06 96.63 96,63 96.06 96.63
IMM2-10 90.57 901,57 90,57 90.57 4,57 90.57 90.57 90,57 90,57
IMMZ-11 86.35 R7.73 §8.35 #6.35 87.73 86.35 86.28 86.35 87,73
IMM2-12 90,98 90.9% 90.98 92.73 92.73 90.9% 90.23 90,9 92.73
IMM2-13 85.96 86,29 85.84 £6.29 85.02 85,88 85,84 §5.88 £6.29
IMM2-14 94.03 94,03 94,03 94.03 94.03 94.03 04,03 94.03 94.03
IMM2-15 78.75 78,75 78.75 78.75 RS 78.75 78.75 7875 78.75
IMM2-16 8287 K287 82.87 82,87 H287 8287 R2.87 8247 82,87
IMM2-17 91.59 91.59 91.59 91.59 91.59 9].59 91.59 91.59 91.59
Average 89.79 89,89 89.71 89.86 8983 89.79 89,68 89.70 89,68

Table 4. Ivancic et al. with different container types test problems results for different
neighborhood size

nsh=| nsb=1 nsbh=1 nsh=2 nsh=2 nsh=2 nsh=3 nsh=13 nsh=3

nsr=2 nsr=f nsr=4§ nsr=2 nsr = nsr =§ nsr=2 nsr=1 nsr=§
MMIO1 77.75 7775 77.75 77.75 7175 7175 77.75 77.75 77.75
MMI02 97.92 9792 97.92 97.92 97,92 97.92 97.92 97.92 97.92
MMI03 97.85 97.85 97.85 97.85 97.85 97.85 97.85 97.85 97.85
MMI04 85.77 85.77 85,77 85,77 85.77 85.77 85,77 85.77 85.77
MMI05 87.23 88,60 86.77 87.23 R8.60 88.60 §7.23 88.60 $8.60
MMI06 96,18 96,52 96,85 96.1% 96,18 96.18 96.18 96.18 96,18
MMID7 85,44 85.44 85.44 85.44 85.44 8544 85,44 R5.44 2544
MMIO8 §9.43 £9.43 89.43 89.43 89.43 89.43 £9.43 80.43 89.43
MMI09 92.59 01.91 9225 91,91 9225 92.10 92.59 91.91 9225
MMI110 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100.00 100,00
MM 77.84 77.84 77.84 77.84 77.84 7784 77.84 77.84 77.84
MMI12 93,20 93,62 94,89 92,64 96.10 93.91 92,64 96.10 93.9]
MMI13 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
MMIT4 96.03 96,05 94.60 96.03 96.05 96,05 96.05 96,05 96.05
MMIIS 94,57 44.57 94.57 94,57 094.57 94.57 94,57 94.57 94.57
MMI16 85.67 85,67 85.67 85.67 85.67 85.67 85.67 85.67 85.67
Average 91.09 91.18 91.10 91.02 91.34 91.19 91.06 9132 91.20

Table 5. Mohanty et al. test problems results for different neighborhood size
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5. Conclusion

The presented multi-start local search approach for the multiple container loading problem
is suitable for solving various kind of problem, because the proposed approach is based on
greedy loading algorithm and hardly uses problem-specific operators and heuristic rules.
Hence it is easy to improve and manage by users. Its good performance and superiority
compared with the other approaches were shown in the test results.

In this paper, only the weakly heterogeneous problems are taken. Thus, further studies
include integration of greedy loading algorithm and multi-start approach, dealing with the
strongly heterogeneous problems, and development of an efficient container loading
software.
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