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Heuristic Algorithms for the Rectilinear Block Packing Problem
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1. Introduction

The rectilinear block packing problem involves
packing a set of arbitrarily shaped rectilinear blocks
into a larger rectangular container without overlap
so as to minimize or maximize a given objective
function. A rectilinear block is a polygonal block
whose interior angle is either 90° or 270°. This
problem is important for many industrial applica-
tions, such as VLSI design, timber cutting, and
newspaper layout.

A special case of the rectilinear block packing
problem is the rectangle packing problem. The
bottom-left algorithm and the best-fit algorithm are
known as representative works among the typical
frameworks of existing construction heuristics. The
main strategy of these two algorithms is the bottom-
left strategy. In this strategy, whenever a new item
is packed into the container, it is placed at the BL
position relative to the current layout. The BL
position of a new item relative to the current lay-
out is defined as the leftmost location among the
lowest bottom-left stable feasible positions, where
a bottom-left stable feasible position is a location
where the new item can be placed without overlap

and cannot be moved leftward or downward.
2. Problem Description

A set of n items R = {R., R2,..., R,} of recti-
linear blocks are given, where each rectilinear block
takes a deterministic shape and size from a set of
t shapes 7 = {T,T>,...,T,}. Also given is a rect-
angular container C' with fixed width W and un-
restricted height H. The task is to pack all of the
items orthogonally without overlap into the con-
tainer so as to minimize height H of the container

that is necessary to pack all of the given items.
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3. Heuristic Algorithms

For a new rectilinear block to be placed next and
a set of placed items, the overlap number of a point
(z,y) is defined as the number of items that overlap
with the new block when it is placed at (z,y). In
this paper, we use no-fit polygons (abbreviated as
NFPs) as a crucial technique to calculate overlap
numbers.

We assume that each rectilinear block is repre-
sented with a set of rectangles whose relative po-
sitions are fixed. The Find2D-BL-R algorithm is
generalized from the Find2D-BL [1] algorithm to
find the BL position for a rectilinear block. The
number of rectangles that represent a rectilinear
block R; is denoted by m; and M = 3"  m,;. The
Find2D-BL-R algorithm computes the BL. position
of a rectilinear block R; in O(m;M log(m;M)) =
O(m;M log M) time.

3.1 Bottom-Left Algorithm

The bottom-left algorithm can be generally ex-
plained as follows: Given a set of n rectilinear
blocks R = {Ri, Rs, ..., R,} and an order of items
(e.g., decreasing order of area), the algorithm packs
all of the items one by one according to the given
order, where each item is placed at its BL position
relative to the current layout (i.e., the layout at the
time just before it is placed).

3.2 Best-Fit Algorithm

The best-fit algorithm is explained as fol-
lows: Given a set of n rectilinear blocks R =
{R:,Rs,...,R,} and a priority among them (e.g.,
an item with a wider bounding box has higher pri-
ority), the algorithm packs all of the items one by
one into the container, where each item is placed
at its BL position relative to the current layout.
At the beginning of the packing process, no item

is placed in the container. Whenever an item is to
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be packed into the container, the algorithm calcu-
lates the BL positions of all of the remaining items
relative to the current layout. In this iteration,
the rectilinear block whose BL position takes the
smallest z-coordinate among those with the lowest
y-coordinate is packed. If there exist ties, the block
with the highest priority is chosen.

3.3 Time Complexity

In addition to m; and M, we also define m] as
the number of rectangles that represent 7}, and m
is the sum of m] for all of the shapes in 7.

The bottom-left algorithm calls the Find2D-BL-
R algorithm once for every item R, in R to pack it
into the container. Thus, the running time of the
bottom-left algorithm is O(M? log M).

Whenever the best-fit algorithm packs a new
item into the container, the Find2D-BL-R algo-
rithm will be called at most once for each shape.
The time complexity of the best-fit algorithm is
O(nmM log M).

4. Efficient Implementations

4.1 Basic ldea

In this section, we explain more efficient imple-
mentations of the bottom-left and best-fit algo-
rithms than those proposed in Section 3.

The basic idea is to dynamically keep the layouts
of NFPs called NFP layouts with respect to the cur-
rent packing layout for all shapes in 7 during the
packing process. Note that for each shape 7T}, after
packing an item R, into the container, the NFPs
in the container do not change, and we can obtain
the new NFP layout for 7; by simply inserting the
NFP of T; relative to R;. For each shape T}, we
maintain a heap HEAP; for events of the sweep
line and a balanced search tree TREE; to keep the
information of overlap numbers on the sweep line.
We design an algorithm FindBL to find the BL po-
sition under this dynamic situation. The FindBL
algorithm checks the events on the top of HEAP;
and then deletes it from the heap one by one until
it finds the BL position.

4.2 Time Complexity

For every iteration, our algorithms pack an

item into the container. When an item R, is
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placed, the time for modifying the balanced
search trees and heaps for all shapes is
> _, O(mymjlog M) = O(m;mlog M). There-
fore, the total computation time for such modi-
fications is Y., O(m;mlog M) = O(mM log M)
during the entire computation. As explained in
Section 4.1, for each shape T}, the sweep line moves
from bottom to top only once (i.e., it never goes
down), and hence O(m] M) events are processed
by the FindBL algorithm during the entire com-
putation of the bottom-left or best-fit algorithm.
Consequently, the total running time for computing
BL positions of shape T} is O(m] M log M). There-
fore, the total computation time of this part for all
shapes is >_°  O(mjMlog M) = O(mM log M).
These computations dominate the running time
of the other parts of the algorithms. As a result,
both the bottom-left and best-fit algorithms run
in O(mM log M) time.

5. Computational Result

We performed a series of experiments based on
benchmark instances. The occupation rate of the
packing layouts obtained by our algorithms often
reached higher than 95%. Even for instances with
more than 10,000 rectilinear blocks, the proposed

algorithms run in less than 10 seconds.

6. Conclusions

In this paper, we proposed a bottom-left and a
best-fit algorithm for the rectilinear block pack-
ing problem. We also designed efficient implemen-
tations of these algorithms by using sophisticated
data structures to dynamically keep the informa-
tion.

We performed a series of experiments, and the
computational results show that our algorithms are
especially efficient for large-scale instances of the

rectilinear block packing problem.
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