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Abstract

Due to increasing goods turnover it is important to
optimize the placement of the cargo into the con-
tainers of the vehicles for their further transporta-
tion. In this paper the problem of the placement of
the paralellepipedal boxes into the containers tak-
ing into account technological restrictions is con-
sidered. The algorithm, based on hyperheuristic,
is proposed.

1 Introduction

Three-dimensional Bin Packing problem is NP-
hard combinatorial optimization problem. Exact
solutions of such problems may be reached only by
exhaustive search algorithms, which require unac-
ceptably much time.

At this moment there are many heuristic algo-
rithms for solving three-dimensional bin packing
problems developed.

Paper [1] describes practical spheres, where the
results of solving of packing problems may be
used. Article [2] compares the results of different
heuristics, using for solving bin packing problems.

Work [3] proposes the solution of parallelepiped
packing problem by the algorithm, based on dy-
namic approach.

Works [4] and [5] make the survey of heuristics
for 3D bin packing problems.

The authors of the article [6] propone the ba-
sics of the hyperheuristic approach for solving
two-dimensional packing problems. This approach
based on consistent usage of some simple heuris-
tics. Hyperheuristics compared with other heuris-

tics, shown its efficiency.

Work [7] investigates the schedule personnel
problem, which solved by hyperheuristics.

Article [8] describes the method of using hy-
perheuristics with Genetic Algorithms for solving
Class Timetabling problem. Similar approach (hy-
perheuristics + GA) used in work [9] for 2D Cut-
ting Stock Problem.

2 Problem description

Three-dimensional packing problem is widespread
problem in the literature. But in practical tasks
some additional options must be added to the gen-
eral statement of this problem. It is important
to take into account such parameters as weight
and load capacity of the objects. Also in practi-
cal tasks of the placement pallets are used. The
placement must be rigid to avoid damage of the
boxes during the transportation.

Thus there are addintional conditions of the
problem:

1. The boxes must be placed on pallets and the
pallets into the containers;

2. Total weight of the boxes, placed on one pallet
must not exceed the capacity of that pallet;

3. Total weight of loaded pallets must not exceed
the capacity of the container.

The goal is to minimize the number of contain-
ers used.



3 Solving method

For solving this problem the hyperheuristic-based
algorithm is proposed. The idea of hyperheuristic
algorithms is based on combining of the results
of simple and widely used algorithms [6]. Hyper-
heuristic manages the sequence, which consists of
many low-level heuristics, each of the applied to
the problem in specific order. Trying to obtain the
better result, high-level algorithm changes this se-
quence by adding new heuristic, removing or re-
placing it. By means of hyper-heuristics its pos-
sible to implicitly indicate the algorithm’s oper-
ating time. During this time the mechanism of
getting the result will be performed. Obviously,
the greater this time, the more variants can be
checked by the algorithm and the higher probabil-
ity of getting the better result.

The Bees Algorithm is a population-based
search algorithm. It mimics the food foraging be-
havior of swarm of honey bees. It can be used for
both combinatorial optimization and functional
optimization [10], [11]. Work [12] contains the de-
scription of this algorithm and comparison with
Genetic Algorithm and Ant Colony Optimization
algorithm.

As the union of these two algorithms, the Swarm
Hyperheuristic algorithm was developed. It is the
modification of Hyperheuristics, where the search
engine is based on the Bees Algorithm. The Bees
Algorithm on each step tries to find new solutions
and to modify the best already found solutions.

The structure of the proposed algoirhtm is pre-
sented below:

1. To build the initial algoirthm X.
2. To assume L = 0, Lpest = 0, Lgooq = 0.

3. Repeat the following steps until the operating
time is over:
(a) Algorithms generation (adding to L)

(b) Adding the algorithms from Lpes; and
Lgood to L.

(c) Lists cleaning: Lpest = 0, Lgooq = 0.
(d) Forming Spest set (adding items to Lpest.
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Figure 1: Scheme of the Swarm Heuristic algo-
rithm

(e) Modifiyng the algorithms from Spes
(adding the obtained algorithms to

Lbest)-

(f) Forming Sgooq set (adding items to
Lgood-

(g) Modifiyng the algorithms from Sgoeq
(adding the obtained algorithms to
Lgood)'

(h) If F(X') < F(X) then X = X', where
X' is the best algorithm from Spe;.

4. To output the best build algorithm X and the
objective function result F'(X).

The general scheme of the algorithm SH is
shown on the figure 1.

4 Tests

For experiments this algorithm was tested on sim-
ple three-dimensional strip packing problem with-
out technological restrictions. The results of that
experiment are shown on the table 1.



Table 1: Swarm Hyperheuristic results

N | Data sets | Packing | Occupied | Gap
coefficient | height
1 | SP-L-08-1 89.78 724 11.38
2 | SP-L-08-2 92.46 703 8.15
3 | SP-L-10-1 92.59 702 8.00
4 | SP-L-10-2 94.07 691 6.31
5 | SP-L-12-1 91.04 714 9.85
6 | SP-L-12-2 91.81 708 8.92
7 | SP-L-16-1 90.03 722 11.08
8 | SP-L-16-2 91.94 707 8.77
9 | SP-L-20-1 91.42 711 9.38
10 | SP-L-20-2 92.20 705 8.46
11 | SP-L-30-1 93.53 695 6.92
12 | SP-L-30-2 93.26 697 7.23
13 | SP-L-40-1 91.16 713 9.69
14 | SP-L-40-2 90.15 721 10.92
15 | SP-L-50-1 94.61 687 5.69
16 | SP-L-50-2 94.07 691 6.31

Table 2: Practical example - boxes list

Length | Width | Height | Weight | Amount
50 40 40 30 120
30 30 50 20 105
40 20 30 20 109

Table 3: Practical example - pallets list

L | W | H | Weight | Max | Capa-
height | city

o0 | 40 | 40 30 120 300

Table 4: Practical example - containers list

Length | Width | Height | Capacity

580 230 180 4000

Test results indicate that algorithm is quite ef-
fective and it’s results are comparable with other
different known algorithms.

5 Application results

As the next step the developed algorithm was
modified for solving the original problem. Based
on this algorithm the application was developed.

As the example of application results input data
sets are presented on tables 2, 3, 4. Output of the
application is 3D model of the object’s placement,
which is shown on pictures 2 and 3.

According to this results to load all of the boxes
we need 38 pallets and 2 containers.

Figure 2: Application output (part 1)

Figure 3: Application output (part 2)




Conclusion

The results achieved with the proposed algorithm
are quite good, but there are a some ideas on ways
to improve the results of the algorithm. One of
them is parallelization of the algorithm, which will
allow to check more solutions during the operating
time.

The developed application allows to get the
placement, which can be used in practical prob-
lems, due to taking into account technological re-
strictions.

Currently work on getting good lower bounds
for three-dimensional packing problems is being
conducted.
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