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Abstract. The three-dimensional packing problem of cylinders and parallelepipeds into semi-infinite container
is discussed in this paper. The focus of the paper is some improvement in the algorithm which was proposed

in article [1].
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1. INTRODUCTION

The three-dimensional Bin packing problem
has many applications in various branches of hu-
man activity. Three-dimensional Bin Packing prob-
lem is NP-hard combinatorial optimization prob-
lem. There are only two articles about the packing
of cylinders and parallelepipeds [1, 2]. In the first
article author proposed the exact method. This
method can’t be used on the practice, because of a
big amount of items it takes a lot of time. The se-
cond article is discussed a method on the base of
(1+1)EA.

This paper consists of the three sections: intro-
duction, problem statement, approach and conclu-
sions.

2. PROBLEM STATEMENT

We formulate the statement of problem. Given:
W is width of container, L is length of container,
vector [.=<r, h.> represents a collection of cylin-
ders, vector I,=<w; [, h,> represents a collection
of parallelepipeds. Here 7; is the radius of the i-th
cylinder, 4,; is the height of i-th cylinder, w; is the
width of j-th parallelepiped, /; is the length of j-th
parallelepiped, #,, is the height of j-th parallelepi-
ped, i€/0, N,/ is number of cylinders, j€/0, N/,
N, is number of parallelepipeds.

We introduce Cartesian coordinate system cen-
tered in the far bottom left corner of the container
(Fig. 1).

Solution of the problem is the set of elements
<C, P>, where C=<x.;, Yo, ze™> U P = <xp;, V), 2>,
(X, Ve i) — coordinates of the center of the lower
base of i-th cylinder, i€/0, N/, (x,, ¥, 2;) — coor-

dinates of lower left far corner of the parallele-
piped, j€/0, N,J.
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Fig. 1

Collection <C, P> is called acceptable packing,
if the next conditions perform:

1) Orthogonality condition for parallelepipeds
and cylinders.

2) Parallelepipeds don’t overlap j, s €1, (s#)):

((xpj 2 Xy + W)V (xps 2 Xp +wj))v

((ypjzyps_}—ls)v(ypsZypj+1j))v (1)
((zp 2 zps +hy ) V(25 2 2 + hy)).
3) Parallelepipeds don’t go beyond container
(€L):
(x,; 200 A (Y, 20)A (2, 20) A

p= @)
((xp +w)SWYA((yy +1;) S L)

4) Cylinders don’t go beyond pallets (j €L):
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(xg; 2r) A 2r) A((xg +1) SW) A

(g +r))SLYA (2, 20).

5) Cylinders and parallelepipeds don’t overlap
(€l jEl):

(x,; +7; Sxpj)v(xpj +Wj£xl-c -1V

)

Wy 1 Sy =r)V e +1 < yy) 4)

v(z, +hciS 2,V (2, +hpj <zg).

6) Cylinders don’t overlap (i, k€l.):
=X+ Y~ Y ) 20+

(Zci + hci < ch) Vv (ch + hck < Zci)'

)

Need to find acceptable packing with minimal
height H:
H =max(maxe,; +h,|i=1,...,N,),
max(z,; +h, | j=1..,N,)).

(6)

2. APPROACH

The approach on the base of (1+1)EA algo-
rithm and ABLP’® procedure was proposed in[1].
Here we propose some improvements in it.

Reduce the number of potential positions. After
new item is added into container some positions
can became unreachable. For example if first item
in container is parallelepiped there is no sense to
consider positions / and 2 (Fig. 2 two-dimensional
case is presented) and compute new item coordi-
nates for them.
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Fig. 2

There are several cases when we should elimi-
nate some positions for the list of potential posi-
tions:

1) When added object has common faces with
faces of container. We should remove one position
from potential position list in this case (positions /
in Fig. 3).

2) When we add new parallelepiped to a packed
parallelepiped. We should remove two positions:
one from the potential position list of already
packed item and one from the potential position list
of new packed item. (Positions / and 2 in Fig. 3).

Fig. 3

3) When we add some parallelepiped into the
corner of container, we should remove two posi-
tions (described above).
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Fig. 3

4. CONCLUSION

Some simple improvements in the algorithm
proposed in article. In some test cases, computation
time was reduced sufficiently. Some complex test
cases will be presented in next articles.
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