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a b s t r a c t

The rectangle packing area minimization problem (RPAMP) has awide range of applications in the indus-
trial production. A special RPAMP with central rectangles that must be located in the center of the final
layout is proposed and named CR-RPAMP in which the length-width ratio of the final layout can be chan-
ged legitimately within a reasonable scope. In this paper, for the purpose of solving the CR-RPAMP, a
novel heuristic algorithm called HACR is presented. In HACR, by constraining the aspect ratio of envelop-
ing rectangle, the length-width ratio of the final rectangular frame can meet the requirements. Besides,
by constraining the betweenness centrality of central rectangle, the central rectangle can be located in
the center of the final layout. In order to minimize the area of the enveloping rectangle, the solution pro-
cedure of HACR has been projected based on defining the priority of candidate rectangle. Strategies of
padding inner space are put forward to improve the filling rate of the final layout. Comprehensive exper-
iments were conducted on 34 international instances reported in the literature. Simulation results show
that the proposed novel heuristic algorithm was effective and practicable. At last, the proposed HACR is
applied to research the layout of drilling equipment in deep water semi-submersible platforms.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The rectangle packing area minimization problem (RPAMP) is
an NP-hard problem (He, Ji, & Li, 2015; Wei, Oon, Zhu, & Lim,
2011). Such a problem can find real-world applications in a wide
range of industries, such as the textile, apparel, automobile, aero-
space and chemical industries (Alvarez-Valdes, Parreño, &
Tamarit, 2009; He & Wu, 2013; Lodi, Martello, & Monaci, 2002).
RPAMP can be divided into two classes: the strip packing problem
(SPP) and the rectangle packing problem (RPP) (Richard, Michael, &
Martha, 2010). The SPP is a one-variable open-dimensional prob-
lem and the RPP is a two-dimensional knapsack problem
(Beasley, 2004).

Because of the importance of RPAMP, various kinds of heuristic
algorithms based on different strategies have been presented to
seek high-efficiency solution (Bennell, Lee, & Potts, 2013). These
algorithms can be categorized into two categories: traditional
heuristic algorithms and meta-heuristic algorithms (Wei, Zhang,
& Chen, 2009). The traditional heuristic algorithms use the heuris-
tic information to guide the search process. The meta-heuristic

algorithms use the meta-heuristic strategies such as simulated
annealing, genetic algorithm and artificial neural networks to
improve the search results (Wei et al., 2009).

The earliest and most famous heuristic algorithm is bottom-left
(BL) which was proposed by Brenda, Edward, and Ronald (1980),
and then Bernard (1983) brought in BL fill methods in 1983.
Besides, Wu, Huang, Lau, Wong, and Young (2002) introduced
the less flexibility first principle to determine the packing rule.
Zhang, Kang, and Deng (2006) proposed a new heuristic recursive
algorithm which arranged the rectangles by using a recursive
structure. Huang, Chen, and Xu (2007) presented an effective
heuristic algorithm in which two important concepts, called the
corner-occupying action and caving degree, were introduced to
guide the packing process. Cui, Yang, Cheng, and Song (2008) pre-
sented a new heuristic recursive algorithm based on a recursive
structure combined with branch-and-bound techniques.

Recently, for the purpose of gaining better solving results some
scholars introduce novel heuristic algorithms (Moura & Oliveira,
2005). Martello and Monaci (2015) provided an ILP (Integer Linear
Programming) model, an exact approach based on the iterated exe-
cution of a two-dimensional packing algorithm, and a randomized
meta-heuristic. Simulation results showed that such approaches
were valid for the case where the rectangles shave fixed orienta-
tion and the case where the rectangles can be rotated by 90�.
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Wang and Chen (2015) described a heuristic algorithm with only a
single policy: maximizing the residual space during packing. Wei
et al. (2009) first presented a least wasted first strategy which eval-
uated the positions used by the rectangles. Then a random local
search was introduced to improve the results and a least wasted
first heuristic algorithm (LWF) was further developed to find a
desirable solution. He et al. (2015) presented a dynamic reduction
algorithm that transformed an instance of the original problem to a
series of instances of the rectangle packing problem by dynami-
cally determining the dimensions of the enveloping rectangles.
Based on existing solution methods for SPP and RPP, Bortfeldt
(2013) presented a generic procedure for the RPAMP. In this
approach, RPAMP instance was reduced to solving multiple SPP
and RPP instances.

In the modern industrial process, there is a category of specific
rectangle packing problems which are different from the normal
RPAMP. Several characteristics of the specific rectangle packing
problem can be described as follows:

(1) There are one or more special rectangles called central rect-
angles among the packing rectangles fp1;p2; . . . ;png. In the
final layout, the special rectangles must be located in the
center of the layout.

(2) The length-width ratio of the final layout is not settled, but
rather located in a reasonable scope. Similarly, the length
and width of the final layout can be changed legitimately.

In this paper, we call the specific rectangle packing problem CR-
RPAMP (rectangle packing area minimization problem with central
rectangles). The objective is to allocate all the items into the
enveloping rectangle by minimizing the area.

The layout problem of drilling equipment in semisubmersible
drilling platforms is a typical CR-RPAMP. The drilling equipment
layout is an important part of the general design of drilling rig sys-
tems. A reasonable layout scheme can retain the drilling platform
stability, security, reliability, and other indicators in a better state
(Xiao, Wu, Tian, & Wang, 2015). As the most important equipment,
the drilling floor must be located in the center of the main deck of
the semisubmersible drilling platform. And other equipment and
modules should be placed around the drilling floor. To reduce the
cost of construction, the area of layout should be as small as possi-
ble. In addition, all the drilling equipment should be packed into an
enveloping rectangle with a reasonable length-width ratio for the
purpose of high-efficient work. Moreover, there are many other
CR-RPAMPs being similar to the layout problem of drilling equip-
ment in modern semisubmersible drilling platforms. Apparently,
it is significant to research the heuristic algorithm for solving the
CR-RPAMP.

In this paper, a novel heuristic algorithm is recommended to
solve CR-RPAMP. As we know, the central rectangles are the center
of final layout. To restrict the location of the central rectangles, two
new definitions, named aspect ratio of enveloping rectangle and
centrality of central rectangle, are brought in. For the purpose of
determining the priority of rectangles, three new definitions,
namedmatching degree of edge, filling rate of enveloping rectangle
and filling rate of increment area, are introduced. For the sake of
raising the filling rate of final layout, the conception of inner space
and filling strategies for inner-space are presented. Combining
these definitions and strategies, the solving procedure for
CR-RPAMP is described in pseudo code.

The subsequent sections are organized as follows: Section 2
gives the model of RPAMP. Section 3 states the description of
CR-RPAMP. Section 4 presents simulation testing. In Section 5 the
HACR is used to solve problem of the layout design of drilling rigs.
Conclusions are summarized in Section 6.

2. Model of RPAMP

Given a set of n rectangular items with each item pið1 � i � nÞ
having width wi and height hi. Evidently, the area of each rectangle
item can be expressed as areapi

¼ wi � hi. The RPAMP requires
determining a feasible arrangement of all the items on a larger
rectangular plane with variable dimensions (He et al., 2015).

According to the literature (Lodi, Martello, & Vigo, 1999), the
RPAMP can be similarly categorized into four types: OG, RG, OF,
RF (Bortfeldt, 2013; Wei et al., 2009).

OF: orientation of all pieces is fixed (O) and guillotine cutting is
not required (F).
RF: pieces may be rotated by 90� (R) and guillotine cutting is
not required (F).
OG: orientation of all pieces is fixed (O) and guillotine cutting is
required (G).
RG: pieces may be rotated by 90� (R) and guillotine cutting is
required (G).

This paper discusses the type of RF: the items may be rotated by
90� and no guillotine constraint is stipulated.

A two-dimensional Cartesian Reference Frame is established
based on the plane of layout (Fig. 1). For each item pi, let ðxi1;yi1Þ
and ðxi2;yi2Þ denote the coordinates of the bottom-left and upper-
right vertexes, respectively (He et al., 2015). Then, RPAMP can be
formulated as follows:

ðxi2 � xi1; yi2 � yi1Þ 2 fðwi;hiÞ; ðhi;wiÞg ð1Þ

max ðxi1 � xj2; xj1 � xi2; yi1 � yj2; yj1 � yi2Þ P 0 ð2Þ

0 6 xik 6 Wn;0 6 yik 6 Hn; k 2 f1;2g ð3Þ

min ðWn � HnÞ ð4Þ
In formulas (1)–(4), i and j apply to 1;2 . . . ;n, and i–j. Formula (1)
means that each item should be placed orthogonally on the sheet;
formula (2) implies that no overlap occurs between any two items
(He et al., 2015); formula (3) means all the items are placed com-
pletely in the enveloping rectangle; formula (4) is the objective
function, it means minimizing the area of the enveloping rectangle
which having width Wn and height Hn.

3. Description of CR-RPAMP

Similarly, a set of n rectangular items with each item
ið1 � i � nÞ having width wi and height hi are given.

o
xi1,yi1

xi2,yi2

xj2,yj2

xj1,yj1

Fig. 1. Two-dimensional Cartesian reference frame.
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