
 

The cellular approach : a new method to speed up simulated
annealing for macro placement
Citation for published version (APA):
Schuur, P. C. (1988). The cellular approach : a new method to speed up simulated annealing for macro
placement. (Memorandum COSOR; Vol. 8829). Technische Universiteit Eindhoven.

Document status and date:
Published: 01/01/1988

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://research.tue.nl/en/publications/800bc935-2a5a-408c-a4b9-54f30fe1619f


EINDHOVEN UNIVERSITY OF TECHNOLOGY

Department of Mathematics and Computing Science

Memorandum COSOR 88-29

THE CELLULAR APPROACH: A NEW

METHOD TO SPEED UP SIMULATED

ANNEALING FOR MACRO PLACEMENT

P.C. Schuur

Eindhoven University ofTechnology

Department of Mathematics and Computing Science

P.O. Box513

5600 MB Eindhoven

The Netherlands

Eindhoven, October 1988

The Netherlands



The cellular approach: a new method to speed up

s~ulated annealing for macro placement

by

Peter Schuur

Eindhoven University of Technology

ABSTRACT

In this paper we show that the computation time associated with the

standard annealing algorithm for the macro placement problem can be reduced

considerably. The most time-consuming part of this algorithm is the

evaluation of the difference in cost between the present and a candidate

configuration. We introduce a cellular approach that greatly simplifies

this calculation. If the number of rectangles is large compared to the

average number of rectangle cells then an annealing program based on the

cellular approach will perform significantly better.



1. Introduction

In the macro placement problem (MPP) it is required to place a given number

of rectangles in a two-dimensional Euclidean space in such a way that they

do not overlap and that the area of the enveloping rectangle is as small as

possible. For the sake of simplicity we shall neglect the aspect of net

connections between the rectangles, which is essential in VLSI design (cf.

[2] ) •

Though the placement problem is NP-hard, nearly optimal solutions can be

found within polynomial time through suitable approximation algorithms (see

[10]) .

Various recent heuristic algorithms [1], [2], [3], [4], [6], [8], [9] are based

on the concept of simulated annealing. In fact, simulated annealing [5] is

a very general and flexible randomization technique motivated by the

analogy between simulating the physical annealing process of solids and

solving large-scale combinatorial optimization problems. For a detailed and

extensive description of the annealing method we refer to [7].

Despite of its universal applicability a major drawback of simulated

annealing is that practical implementations often take a long computation

time.

In this paper we show that the computation time associated with the

standard annealing algorithm for the placement problem as described in [2]

can be reduced considerably. The most time-consuming part of this algorithm

is the evaluation of the difference in cost between the present and a

candidate configuration. We introduce a cellular approach that greatly

simplifies this calculation. It made our test programs run several times

faster.

The paper runs as follows.

In section 2 we tersely survey the simulated annealing algorithm in the

context of the MPP. The problem representation for the MPP most frequently

used in annealing applications is summarized in section 3. Next, in section

4 we introduce a new problem representation by identifying the given

rectangles with blocks of identical cells. The placement surface is now

considered as a worksheet consisting of these same cells. We present a new

definition of overlap, which registers the overlap experienced by an
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individual cell. Our basic idea is to store the information concerning cell

overlap in the cells of the worksheet, thus saving a lot of computation

time. Exploiting the results of section 4 we derive in section 5 a simple

and transparent method to calculate cost differences. In section 6 we

report the results of some numerical experiments conducted to compare the

performance of our cellular method with that of the standard approach.

Finally, in section 7 we write down our conclusion.

2. Implementing the 8~ulated annealing algorithm

In this section we briefly discuss the standard implementation of the

simulated annealing algorithm for the MPP.

Quite generally, simulated annealing is implemented as an iteration process

such that in each iteration one slightly perturbs the current

configuration. The perturbation is accepted with a probability depending on

the difference in cost and a control-parameter c. The role of this

parameter corresponds to that of the temperature in the physical annealing

process. The control-parameter is a non-increasing function of the

iteration counter k. Specification of the function c (k) is a problem

dependent activity, which together with the determination of a stop

criterion is referred to as determining a cooling schedule. For convenience

we suppress the k-dependence of c in our notation.

Implementation of the simulated annealing algorithm presupposes the

specification of

(a) a configuration space and a cost function

(b) a transition mechanism

(c) a cooling schedule.

Let us see what these items mean for the MPP.

(a) As configurations we choose placements in which the rectangles may

overlap. Below we shall define a cost function in such a way that the

quality of each configuration is adequately measured. Among other things

this means penalizing the overlap. The sign of the cost function is such

that the lower the value the better the corresponding configuration.
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(b) Starting off from an arbitrary initial configuration the transition

mechanism can be described as follows.

At iteration k three steps are performed. Firstly, a candidate

configuration is generated from the current one by a simple local

rearrangement (by swapping two rectangles or by translating or rotating

one). Secondly, AC, the cost of the candidate configuration minus that of

the current one, is evaluated. Thirdly, .the candidate configuration is

accepted as the new configuration with a probability given by

Pr
accept

if AC > 0

if Ac SO.

(2.1)

For the MPP the evaluation of Ac is the most time-consuming part of the

algorithm.

(c) In general the cooling schedule is chosen such that initially the

control-parameter c is large enough to guarantee a high acceptance ratio.

Next, c descends slowly to zero. Usually the value of c is held constant

for a fixed number of iterations. As for the stop criterion, the algorithm

comes to a halt when during a prescribed number of iterations no further

improvement in the minimum value found so far occurs. For a sophisticated

cooling schedule requiring polynomial time we refer to [7].

In the sequel we shall focus our attention on the following aspect of the

above algorithm : how to obtain a problem representation that is easy to

work with and that allows for a simple calculation of the difference in

cost.

In the next section we summarize the problem representation that is more or

less standard.
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3. The standard problem representation

Let us consider a placement problem with N rectangles. Throughout we assume

that the rectangles are orientated along the x- and y-axis of a Cartesian

coordinate system. Following [2] we represent each rectangle i by the

Cartesian coordinates of its lower left vertex (x
il

' Yil) and its upper

right vertex (x , y ).
i2 i2

A placement is represented by a pair (x, y), where x and yare 2N-vectors

given by

y

(3.1 )

(3.2)

Clearly, the cost of a placement, which we are about to define, will depend

on the area of the enveloping rectangle as well as on the total overlap

among rectangles.

Let a particular placement p be given.

The area of the enveloping rectangle is given by

with

A(p) = X(p) x Y(p) (3.3)

X(p) max 1 .. N} - min 1. .N}, (3.4)

Y(p) = max {Yj2lj = 1..N} -min {Yjl lj 1. .N}. (3.5)

In the definition of overlap there is some degree of freedom. We shall now

give the usual definition based on the mutual overlap of rectangles. We

shall refer to this as rectangle overlap. In the next section, however, we

shall present a new definition of overlap based on the degree of overlap of

an individual cell. This kind of overlap will be called cell overlap.

The rectangle overlap between two rectangles i and j is defined as the area

of the intersection, which can be expressed as

with

o .. (p)
~J

X
ij

(p) x Y
ij

(p), (3.6)

max(O,min(x ,x ) - max(x ,x »,
i2 j2 il jl

max(O,min(y ,y ) - max(y ,y )).
i2 j2 il jl

4
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The rectangle overlap for all N rectangles is given by

ro (p)
N N

L L
i=l j=i+l

0 .. (p) •
l.J

(3.9)

The meaning of formula (3.9) can be phrased as follows:

For all N(N-1)/2 pairs of rectangles calculate the area of the intersection

and then sum.

The total cost function now is chosen as

r
A(p) + r

c
(3.10)

with A (p) r
and 0 (p) the area of the enveloping rectangle and the total

rectangle overlap, respectively,
r

control-parameter. The constant r

rr a scaling factor and c the

is determined experimentally in such a

way that the rectangles are allowed to overlap during a major part of the

optimization process (see [2]).

Note that as a result of this choice for the cost function the rectangle

overlap is increasingly punished as c tends to zero.

Instead of calculating cost values directly from (3.10) it is far more

efficient to evaluate the cost of a candidate configuration on the basis of

the cost of the current configuration, i.e. to calculate the cost

difference incrementally.

For the MPP this is done as follows.

The total difference in cost is given by

M + rr
c

(3.11)

Here M, the incremental difference in envelope area, is determined by a

simple direct search algorithm (see [2]). Now, suppose in the present

iteration we want to examine the effect of moving rectangle i to a new
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position.

given by

r
Then Ao , the incremental difference in rectangle overlap is

N

L
j=l, j~i

o
ij

(3.12)

where 0 ij

rectangle

and

i in

are

new

the rectangle overlap between rectangle j and

configuration and in the current configuration,

respectively.

When the number of rectangles is large, the evaluation of (3.12) becomes

very time-consuming. Add this to the fact that this evaluation has to be

done at each iteration and it is clear that the evaluation of cost

differences forms the bottleneck in the performance of the MPP annealing

algorithm.

Indeed, a new problem representation would be welcome that reduces the

aforementioned computational unpleasantness. In the following section we

shall present such a problem representation.

4. The cellular problem representation

The essential step in remodeling the problem is to equip the placement

surface with a grid structure.

In this way we convert the sheet into a worksheet. The information

concerning overlap of the rectangles will be stored in the cells of this

worksheet. This storage at the basic cells is essential since it saves a

lot of computation time.

Let us now describe our approach in detail.

Assume as before that N rectangles have to be placed.

Suppose a particular grid size has been chosen (cf. p. 7, fig. 1).

Let (m,n) with m, n e I, Iml ~ M I Inl ~ N be the cells associated with
1 1

the grid. Here M and N are positive integers chosen sufficiently large.
1 1

To represent a rectangle we proceed as follows.
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Place the rectangle on the grid along the grid directions in such a way

that its lower left vertex coincides with the lower left vertex of a

particular cell. Then the block consisting of all those cells whose

interior has a nonempty intersection with the rectangle is taken to

represent the rectangle.

Thus (see fig. 1) we represent rectangle iby its lower left cell (mil' nil)

and its upper right cell (m
i2

, n
i2

). Obviously, a placement is represented

by a pair (m,n), where m and n are 2N-vectors with integer entries given by

m

n

(4.1 )

(4.2)

For computational reasons it is advantageous to take the cell size as large

as possible, but still compatible with the shape of the rectangles. To give

a simple example, suppose we have three rectangles with height 35.0, 44.7,

54.5 and width 14.7, 29.4, 25.0 inches, respectively. Then to speed up the

calculations we might let a cell correspond with a square with sides of 5

inches.

To simplify the discussion let us assume from now on that all the

rectangles originally given consist of worksheet cells. In this way they

fit nicely into the grid so that no additional rounding off is necessary.

Assume furthermore that all cells are unit squares.

m
i 2 I-+-+--+--+--+--;-t-+-+-+-+-

m
i 1 1-+-++-+-+-+-1-+-1-+-+-

n
i1

n
i2

Figure 1. The representation of rectangle i.
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Let us put

m min m
jl l j 1. .N } , m max { mj21 j 1. .N } , (4.3)

1 2

n min ( njll j 1. .N ) , n max { nj21 j 1. .N } . (4.4)
1 2

In accordance with (3.3) we take the area of the enveloping rectangle as

A(p) = (m - m + 1) x (n - n + 1).
2 1 2 1

(4.5)

Of course, if p is a placement such that no two rectangles have a cell in

h b ., tot h f hcommon t en a lower ound for A(p) ~s g~ven by A , t e sum 0 t e areas

of the individual rectangles:

A
tot

N

L
i=l

(m - mil + 1) x (n - n + 1) •
i2 i2 il

(4.6)

We shall now present a new definition of overlap.

Let a particular placement p be given.

First we define a worksheet matrix W that stores information concerning the

overlap of every individual cell. For each cell (m,n) let W(m,n) denote the

total number of rectangles containing cell (m,n). In fig. 2 we visualized

the matrix W for a particular placement of 4 rectangles by putting the

nonzero values in the cells.

m
2

m
1

1 1
1 1 1 1 1

1 3 2 2 1
1 2 1 1 1

1 1 1 1

n
1

Figure 2. A placement of 4 rectangles.
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Next we define the cell overlap of a cell (m, n) as the degree of extra

covering, i. e. as the total number of rectangles containing cell (m, n)

counted from 2, in formula

Wo (p)
mn

max (0, W(m,n) - 1). (4.7)

The total cell overlap associated with the placement p is now defined as

L
all cells (m,n)

Wo (p).
mn

(4.8)

f
Now let A (p) denote the number of cells that are covered by at least one

rectangle:

f
A (p) L

all cells (m,n)

min (1, W(m,n». (4.9)

Then we can rewrite OW(p) as

Wo (p) (4.10)

i.e. the total area of the N rectangles minus the total area filled by the

nonzero cells.

We shall see in
W

the next section that both representations for 0 (p) are

useful. More precisely, representation (4.8) is convenient when there is

little overlap, since in that case only a few cells contribute to the

summation. This means that in the incremental evaluation of OW (p) only a

few cells require a calculation to update their cell overlap. Similarly,

when the overlap is large, then representation (4.10) comes in handy,

since in (4.9) only a few cells contribute to the summation.

As the optimization process proceeds, overlap is increasingly punished (cf.

(3.10». Thus it is efficient to use (4.10) in the beginning and (4.8)

towards the end of the program.

The concept of cell overlap is essentially different from that of rectangle

overlap.
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To explain the difference, let R denote the set of points in ~2 belonging
i

to rectangle i.

Then the rectangle overlap Or(p) introduced in (3.9) can be written as

N N

L L
i=l j=i+1

IJ.(R(\R ),
i j

(4.11)

where IJ. denotes the Lebesgue measure.

By contrast, the cell overlap OW(p) introduced in (4.8) reads

Wo (p)

N N

L L
i=l j=i+1

-IJ.(R(\R ),
i j

(4.12)

-where R represents the set R with its predecessors excluded:
i i

-R
i

i-1 )U R
s

•

s=l

(4.13)

Clearly, when there is overlap, then in carrying out the summation in

(4.11) some cells are revisited, whereas in (4.12) a cell that has

contributed to the summation is from then excluded.

An obvious consequence of (4.11-13) is that

W ro (p) so (p). (4.14)

The above inequality is strict if and only if there exists a cell (m, n)

belonging to more than 2 of the N rectangles.

In practice, the difference can get quite large. As a worst-case example

*consider a placement p of N identical rectangles on top of each other.

Then the two kinds of overlap are

w *o (p ) (4.15)

N(N-1)

2

10
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Finally, we choose as our new cost function

W
A(p) + r

Wo (p)

c
(4.17)

with r W
a scaling factor determined experimentally (cf. (3.10» in such a

fashion that there is a reasonable amount of cell overlap during a major

part of the optimization process.

In view of (4.14) the choice of r W
will be such that

(4.18)

s. Calculation of the difference in cost

In the previous section we stored the information concerning cell overlap

in the worksheet matrix W. In the present section we show that as an

immediate result of this information storage the evaluation of the

difference in cost

becomes extremely simple.

W
AA + r

c
(5.1 )

Let C denote the block of cells corresponding to the current position of
i

rectangle i. Suppose we want to calculate the difference in cost caused by

moving rectangle i to a position corresponding to the block of cells C..
~

5.1. Calculation of the difference in overlap

Using formula (4.8) we find for the incremental difference in total cell
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overlap

( max (O,W(m,n» - max (O,W(m,n)-l) ) +

(m, n) e C. \ c.
~ ~

+

(m, n) e C. \ c.
~ ~

Consequently

( max (0,W(m,n)-2)- max (O,W(m,n)-l) ). (5.2)

- *{ (m,n) e Ci \ c:1 W(m,n) * 1 } .

In a similar way we obtain from (4.10) the alternative expression

(5.3)

- *{ (m,n) e Ci \ cil W(m,n)

C 'i I(m,n) e C. \
~

W(m,n)

(5.4)

Together these formulae express the fact that

When there is little overlap then generally the sets appearing in (5.3)

will have a low cardinality in opposition to those appearing in (5.4).

Thus in that case the use of formula (5.3) is preferable.

For analogous reasons formula (5.4) is more efficient when there is much

overlap.

It is interesting to compare the above formulae for ~OW with the

corresponding formula (3.12) for the difference in rectangle overlap ~Or.

By virtue of the overlap information contained in the matrix W the process

of calculating ~Ow is more transparent and much simpler than that of

evaluating ~Or. Note that the operations involved consist only of simple

comparisons and elementary additions. In particular, if the number of

rectangles is large and the cell size is chosen such that each rectangle
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consists of relatively few cells, then the formulae (5.3-4) are far more

efficient.

Moreover, the smaller the displacements the more preferable our calculation

method is.

5.2. Calculation of the difference in envelope area

AS mentioned earlier aA, the difference in envelope area, can be found by a

direct search method (cf. [2]). In our cellular approach this method is

still valuable. However, if the number of rectangles to be sorted in each

iteration is large then we propose a different method that fully exploits

the cellular structure.

To this end we introduce the vectors a , a , a
B

, a given by
L R T

a (n)
L

a (m)
B

n
jl

m
jl

a (n)
R

a (m)
T

m
j2

(5.6)

(5.7)

As before (mjl,n
jl

) and

right cell of rectangle

where m, n e 71., Iml :SM, Inl:SN •
I I

(m , n ) denote the lower left cell and the upper
j2 j2

j, respectively. Thus a (n) counts all rectangles
L

that have n as their most left column, etc.

Let us denote the lower left cell and the upper right cell of the candidate

region C by (m ,n ) and (m ,n ).
i il il i2 i2

To obtain aA we calculate the new envelope area A by means of formula,
(4.5), which in turn depends on the new envelope parameters mI'

The latter are evaluated incrementally using (5.6-7).

For n the calculation runs as follows.
1

13
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(i) If n :s n then n n
il I I il

(ii) If n > n and n '* n then n n .
il I il I I I

(iii) If n > n and n n then n min { n ~
nIl

a (n) '* 0 }il I il I I L

with

{
a (n) + 1 if n n

L il

a (n) a (n) - 1 if n n (5.8)
L L I

a (n) else.
L

In case (i) rectangle i is moved to a position outside or precisely within

the current enveloping rectangle. In case (ii) we don't go beyond the left

boundary of the enveloping rectangle. Since rectangle i is not supporting

this boundary the displacement leaves it intact. In case (iii) our

rectangle i supports the left boundary, whereas a movement to the right is

considered. Assuming the movement has taken place we then scan the columns

of the worksheet starting from the current left boundary to find the new

left boundary.

For the other envelope parameters the calculation runs similarly.

Notice that in the above calculation of ~A we again made use of a storage

process. This time we stored the number of rectangles supported from the

right / left by a particular column and from above / below by a particular

row in the 4 vectors defined in (5.6-7).

5.3. An example: the difference in cost for a simple translation

To illustrate the evaluation method for the difference in cost introduced

above let us consider the following simple displacement:

Move rectangle i to the right over 1 cell unit.

Suppose we write a pseudo-Pascal routine to carry out the cost difference

calculation for this simple translation.

In the beginning of the program, when c is still large and the overlap is

considerable, we propose the following routine:
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begin

~ := 0; aoW
:= 0;

width := m - m + 1;
2 1

for m := m to m do
i1 i2

begin

if W(m,n ) = 1 then aow
:= aow + 1;

i1

if W(m,n + 1) = 0 then aow := aow
- 1;

i2

end;

if ( n n ) and ( a (n ) = 1 ) then ~ := ~ - width;
i1 1 L 1

if ( n n ) then ~ := ~ + width;
i2 2

end;

Towards the end of the program when c is rather small there is generally

little overlap left. It is now more convenient to use the above procedure

with the for-loop replaced by

for m : = m to m do
i1 i2

begin

if W(m, n ) ~ 1 then aow
:= aow - 1;

i1

if W(m,n + 1) ~ 0 then aow
:= aow + 1;

i2

end;

Note how simple both versions of the procedure are. In practice, it is a

striking experience to see how much faster the cellular approach works for

these small displacements than the standard rectangle approach.

15



6. Implementational remarks

To get a first impression of the performance of the MPP annealing algorithm

based on our cellular approach we implemented both the cellular and the

standard rectangle approach in Turbo Pascal 4.0 on an Olivetti M240

personal computer employing the conceptually simple cooling schedule

proposed in [5].

As rearrangements we used swaps, rotations and horizontal or vertical

translations over a number of cell units. Following [2] we let the ratio

between these different types of rearrangements depend on the

control-parameter. In the beginning of the process we used 20 % swaps, 40 %

rotations and 40 % translations. As the optimization proceeds we let the

amount of swaps diminish in favour of the amount of translations. Towards

the end of the process we merely used 40 % rotations and 60 % translations.

We applied both placement algorithms to a number of random problem

instances varying from 10 to 50 rectangles and ranging in side size from 1

to 8 cell units.

As expected from the above discussion our approach performed considerably

better. For these small problems it was no exception that our program ran 5

to 6 times faster. Though in general both methods yield different final

near optimal solutions there was no tendency to a difference in quality.

Our experiments confirmed the prediction made in section 5 that the

cellular method performs best if the number of rectangles is large compared

to the average number- of rectangle cells.

To demonstrate how far the difference can go we carried out the following

experiment.

Consider the (trivial) problem instance of placing N unit squares.

For each value of N ranging from 1 to 50 let both programs run 25 times

with different sets of random numbers using translations as rearrangements.

r w
Let T and T denote the average CPU time over 25 runs for the rectangle

N N

and the cellular approach, respectively.
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Figure 3. The max~ speedup of the cellular method as a

function of the number of rectangles.

In fig. 3 we plotted the ratio T
r

/ T
W

versus N. Note that the plot is
N N

almost linear.

Obviously, the above experiment corresponds to a best-case situation for

the cellular approach and a worst-case situation for the rectangle

approach. Therefore, the ordinate in fig. 3 may be interpreted as

the maximum speedup, i.e. the maximum possible number of times the cellular

approach is faster than the rectangle approach. For instance, suppose that

we want to place 30 rectangles of any particular size. Then fig. 3

indicates that the cellular approach will be at most about 11 times faster

than the rectangle approach.

7. Conclusion

From the above discussion it is clear that the cellular approach may well

improve the existing annealing method for the placement problem.

Specifically, if the number of rectangles is large compared to the average

number of rectangle cells and if most of the displacements are small then

an annealing program based on the cellular approach will run several times

faster.
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