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ABSTRACT
As technology advances, more and more issues need to be
considered in the placement stage, e.g., wirelength, conges-
tion, timing, coupling. It is very hard to consider all of them
together at the same time. Thus it is good if we can opti-
mize one cost function without affecting others. In this pa-
per, we will study methods to optimize congestion in place-
ment without inflicting degradations/violations in other ob-
jectives or constraint. We give a mathematical equation
to predict the overflow within a region using a normal dis-
tribution approximation. According to experiments, this
equation does give a good estimation of overflow. We used
this equation to find the smallest regions which have enough
routing resource to alleviate the congestion and propose the
flexible expansion scheme in our multi-center congestion re-
duction (MC’R)  algorithm. Experimental results show that
generally there is a correlation between the amount of reduc-
tion in congestion and the amount of change made to the
placement: the more we change the placement, the more
reduction in congestion we will get. However, the flexi-
ble expansion scheme is very effective in helping us reduce
congestion while make only little change to the placement.
Comparing to the full expansion scheme (49% congestion
reduction and 6.5% change in placement), the flexible ex-
pansion scheme together with MC’R  algorithm can reduce
congestion by almost the same amount (42%) with much
less change made to the placement (1.8%).

1. INTRODUCTION
The physical implementation of high-performance, complex
deep-submicron integrated circuits contains steps of place-
ment and routing. Cell placement has always been a key fac-
tor for achieving designs with optimized area usage, wiring
congestion and timing behavior. Traditionally, minimizing
wirelength is the main objective in placement. As technol-
ogy advances, the congestion problem becomes more and
more important. Congestion models routability more ac-
curately than the wirelength objective. Usually congestion
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is defined by using a demand and supply relationship. A
placement with zero congestion means that there is enough
routing resource to supply the routing demand. Thus this
placement is estimated to be routable by the given router. It
is also essential to consider other performance related issue
such as timing, coupling in placement.

The congestion problem in placement is not well studied.
There are not many results on this problem [5, 7, 14, 151.  In
[14, 151, Wang and Sarrafzadeh pointed out that the conges-
tion objective is very ill behaved such that directly using it
will not produce low congestion placement. Congestion and
wirelength are globally consistent. However, in local regions,
minimizing wirelength might result in high congestion. A
good congestion reduction technique was obtained by using
a post processing stage after the traditional wirelength min-
imization stage. While congestion was reduced significantly
by using this technique, Wang and Sarrafzadeh also observed
that the wirelength was increased by about 5 - 10%. The in-
crease in wirelength implies that placement is changed. This
change may result in violations in other performance con-
straint such as timing and coupling. Timing and coupling
issues in placement are very hard problems [6, 13, 4, 12, 11,
91.  It could be very difficult and time consuming to find a
placement to meet all the performance constraint. Thus we
do not want the congestion reduction process to cause any
trouble in this area. One way is to check the performance
constraint at every step of congestion reduction process to
make sure that there is no violation. However, simply doing
the analysis of timing and coupling is very computationally
expensive. Fortunately, a lot of performance constraint in-
cluding timing and coupling are locally stable. It means
that there will be no violations in the constraint as long as
the change in the placement is bounded locally. Therefore
in the congestion optimization problem, reducing congestion
with minimal increase in wirelength will be very helpful in
preventing violations in performance constraint.

In this paper, we study heuristics for congestion minimiza-
tion with minimal change in placement. Since it is reported
that the post processing technique is more efficient than di-
rectly minimizing congestion related objectives, we will fo-
cus on how to reduce congestion in the post processing stage
while keep the increase in wirelength bounded. We assume
that the placement given as the input of the post process-
ing stage is a good placement with optimized wirelength
and meet all the performance constraint as well. We first
approximate the distribution of congestion on a layout as
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a normal distribution. Using this approximation, we de-
rive an equation to estimate the amount of congestion on
a layout. We propose a three-step multi-center congestion
reduction (MC2R) approach to achieve the main goal of this
paper, reduce congestion with minimal change in placement.
Experimental results show that this approach is extremely
helpful in reducing congestion while keep the increase in
wirelength bounded. Comparing to the algorithm proposed
in [14] (49% congestion reduction and 6:5% change in place-
ment), our MC2R algorithm can reduce congestion by al-
most the same amount (42%) with much less change made
to the placement (1:8%).

The rest of the paper is organized as follows: In Section 2, we
formally de�ne the congestion cost. Theoretical analysis on
congestion distribution is described in Section 3. In Section
4, we propose our multi-center congestion reduction (MC2R)
algorithm. The experimental results are shown in Section 5
and the conclusion is in Section 6.

2. PROBLEM FORMULATION
Routing can be viewed as a demand-supply problem. All
the routing layers and tracks on the chip are the supply of
routing resources and wires to be routed are the routing
demand. Congestion is caused by excessive wires in local
regions where the routing demand exceeds routing supply.
[14] used the concept of global bins to model the routing
supply and demand. This model is quite reasonable and
similar to what industries have been using. We will use the
same model here in this paper. We mainly concentrate on
placement problems when boundary of the chip is given and
there is very little white space ( area not occupied by cells).
Thus, most nets need to be routed on the upper layers. Most
present-day design follow this paradigm.

The congestion cost is de�ned based on the global bins. We
partition a given chip area into several rectangular regions,
each of these regions is called a global bin [14]. The conges-
tion is \related" to the number of crossings between routed
nets and global bin edges. Given a placement, all the cells
and pins have �xed positions on the chip. We can use a
global router to route all the nets. For each global bin edge,
there are routed nets going across it. Therefore, for each
global bin edge e, the routing demand of e, de, is de�ned
as the number of the nets crossing e. The routing supply of
a global edge e, se, is a �xed value which is a function of
the length of the edge and technology parameters. A global
bin edge e is congested if and only if the routing demand
(number of the crossing nets) exceeds the routing supply of
that edge (de > se). The over
ow of e is de�ned as:

overflowe =

�
de � se if de > se
0 if de � se

Using the above global bin and global bin edge notation, the
total over
ow of a placement is de�ned as the summation of
the over
ow for all global bin edges. The amount of total
over
ow is the amount of total shortage of routing resource
in the placement. Thus a placement with less total over
ow
is less congested. Another measure of congestion could be
the maximum over
ow among global bin edges. It is really

hard to argue which placement is more di�cult to route: a
placement with only one highly congested edge or a place-
ment with a couple of slightly congested edges. It is not
the purpose of this paper to discuss which is a better model
for congestion. We pick the total over
ow as the congestion
cost in this paper. However, methods proposed here is also
valid for any other reasonable congestion cost models.

3. WIRING DISTRIBUTION ON LAYOUT
The congestion map on the layout is extremely helpful to see
where the congested spot is and the amount of the conges-
tion. In this section, we will study the behavior of the wiring
distribution and the relationship between this distribution
and the over
ow of the layout.

3.1 Wiring Distribution Can Be Approxi-
mated As a Normal Distribution

Each global bin edge has a di�erent amount of routing de-
mand which is expressed by the number of nets across the
global bin edge. The number of nets in each global bin can
be approximated as the average routing demand over all the
boundary global bin edges. Normal distribution is a popu-
lar statistical function which �ts a lot of natural distribu-
tions. We approximate the wiring distribution in the layout
as a normal distribution because of its simplicity (more com-
plexed models can be found in [10, 1]). Fig. 1 shows the real
congestion distributions and the �tted normal distribution
curves for circuit Primary2, biomed, avqs and avql. The x-
axis of the �gure is the number of nets at each global bin.
The y-axis is the percentage/probability of global bins which
has the speci�c number of nets in it. The actual distribution
is plotted as `+' in Fig. 1. The solid curve is the �tted nor-

mal distribution functionN(x; �; �) = 1p
2��

e
� (x��)2

2�2 , where

� is the average value and the � is the standard deviation.
Fig. 1 shows that the actual wiring distribution can be ap-
proximated as a normal distribution.

3.2 Relationship Between Wiring Distribution
and Overflow

If we assume that the wiring distribution among a region
is a normal distribution N(x; �; �) as stated above, we can
mathematically derive the amount of total over
ow within
this region. Let the routing supply for each unit area in this
region be denoted by S and the total number of unit areas
in this region be denoted by A. The over
ow of this region
is contributed by unit areas which has more than S nets in
it. Formally, the total over
ow OF can be expressed as:

OF = A

Z 1

S

1
p
2��

(x� S)e
� (x��)2

2�2 dx (1)

Let t = x��p
2�
, then x =

p
2�t + � and dx =

p
2�dt. From

(1), we have

OF = A

Z 1

S��p
2�

1
p
2��

(
p
2�t+ �� S)e�t

2

dt �
p
2�dt (2)

Let St =
S��p
2�
, (2) can be rewritten as

OF
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e
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The integral �(x) = 1p
2�

R
x

�1
e�t

2

dt is called the standard

normal cumulative distribution function in statistics. The
value of �(x) can be either looked up from a table in any
statistics book or easily calculated by using a standard C
library function. Thus we can write the second term in (3)
as

�� S
p
�

Z 1

St

e
�t2

dt = (�� S)
p
2 � (1� �(

S � �
p
2�

)) (4)

The integral in the �rst term of (3) can be directly per-
formed. Thus we can write (3) as:

OF =
A�
p
2�

e
� (S��)2

2�2 +A(�� S)
p
2 � (1� �(

S � �
p
2�

)) (5)

Equ. (5) is the �nal mathematical form to predict over
ow
in a region.
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Figure 1: Wiring distribution on the layout can be
approximated as a normal distribution.

3.3 Experimental Validation
We will conduct experiments to test Equ.(5) in this section.
Assume a layout is given and all the nets are routed. Given a
region on the layout with a certain size, we get the estimated
normal distribution curve for wiring, N(x; �; �), by obtain-
ing the average and the standard deviation wiring value
among all the global bin edges within this region. Then
the predicted over
ow value can be obtained by using (5).
Finally we compare the estimated over
ow value and the
actual over
ow value within this region. We use circuit Pri-
mary1 and Primary2 for the test. There are in total 8 � 8
global bins in Primary1 and 16�20 global bins in Primary2.
The size of the testing region is set to be 3� 3 global bins.
We select testing region at di�erent places on the layout.
Fig. 2 show the comparison between the predicted over
ow
and the actual over
ow value for circuit Primary1 and Pri-
mary2. The x-axis is the predicted over
ow value and the
y-axis is the actual over
ow value. If the predicted values
�t the actual values well, all the data points will be close
to the 45� line. Since (5) is obtained by using a statistical
model, the more the number of global bins in the evaluat-
ing region, the more accurate (5) is. In our case, number of
global bins is not very large. Thus it is not surprised to see

the predicted over
ow sometimes deviate from the actual
value. However, Fig. 2 shows that Equ. (5) in Section. 3.2
does give a decent prediction in general.
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Figure 2: Comparison between the predicted over-

ow and the actual over
ow.

4. MULTI-CENTER CONGESTION RE-
DUCTION (MC2R) ALGORITHMS

In [14, 15], Wang and Sarrafzadeh proposed three greedy
heuristics to reduce congestion after wirelength is mini-
mized. In all three greedy approaches, cells can be moved
anywhere in the chip. This could result in violations in
performance constraint. The input placement of the post
processing stage has been processed so that the wirelength
is minimized and the performance constraint is met. Thus it
is better to limit the range of cell movement in the post pro-
cessing stage. In this section, we propose a multi-center con-
gestion reduction (MC2R) algorithm which can let cell move
within a local region. Figure 3 demonstrates the 
ow for
the general congestion reduction algorithm and the multi-
center congestion reduction (MC2R) technique. The tech-
nique consists of three major steps:

1. Identify the congested spots using the congestion map.

2. Find congestion reduction regions by using each con-
gested spot as a center to expand.

3. Perform congestion reduction within each expanded
congestion reduction region.

We will explain each step in details in each of the following
subsections:

4.1 Identify The Congested Spots
A global bin is congested if and only if at least one of its four
global bin edges are congested. All the congested global bins
in the congestion map form the core of congested spots. For
the ease of shape management, we let each congested spot
be in a rectangular shape. We use a minimum bounding
rectangular region of a set of connected congested bins as
one congested spot. The number of congested spots in the
layout is equal to the number of sets of connected congested
bins.

4.2 Expanding Congestion Reduction Regions
In order to limit the range of movement of cells, we need
a region on the layout which contains both congested and
uncongested global bins. The cell movement will be limited
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Figure 3: Work 
ow for congestion-driven place-
ment and the multi-center congestion reduction
technique.

in this region. The congestion minimization is achieved by
switching cells in di�erent bins within this region. We call
this region a congestion reduction region. In this paper, we
let each congestion reduction region be a rectangle because
rectangular regions can be easily expanded if we �nd out
the region is not big enough to alleviate the congestion in
placement. To limit the amount of change in placement, we
want the size of congestion reduction regions be as small
as possible. On the other hand, the routing resource sup-
plied by this region has to be enough to meet the routing
demand. Therefore, we should look for the smallest routable
rectangular region around the congested spot. In order to do
so, we need a way to evaluate the \routability" for a given
rectangular region. We call this region an evaluating region.

Equ. (5) in Section 3.2 gives an estimated over
ow for a
region given A, S, � and �. Here A is the total number of
global bin edges within the region, S is the routing supply
on these global bin edges, � is the average routing demand
and � is the standard deviation for all the routing demand
values in this region. Since the total routing demand is
equal to the total wirelength [14], � can be also considered
as the total wirelength in this region divided by the number
of global bin edges. After the placement is changed within
the region, A and S will remain the same while � and �
will change accordingly. Since the local placement process
within the evaluating region is aimed to reduce congestion, it
will suppress the number of nets in congested bins and help
to balance wiring density in the evaluating region. Most
likely, it may sacri�ce some wirelength to achieve this pur-
pose which result in an increase in � and a decrease in �
after the local placement.

The amount of increase in � and the amount of decrease in
� depend on a lot of factors such as the size of the evaluat-
ing region, local net-list inside the region, initial placement
outside the region, etc.. It is very di�cult to accurately pre-
dict the value of � and �. In this paper, we use a simple
empirical method to decide the amount of change in � and
�. By observing from di�erent experiments, we found that

the amount of change in � and � can be approximated as
a constant ratio of their original values. However, this ra-
tio is di�erent for the boundary and the internal global bin
edges within the evaluating region. Speci�cally, the amount
of change in � and � for the boundary global bin edges is
smaller than the amount of change in � and � for the in-
ternal global bin edges. The reason for this is because that
the wiring on the boundary global bin edges is a�ected by
the initial placement outside the evaluating region more.
Since the placement outside the evaluating region does not
change during the MC2R process, the amount of change in
the boundary global bin edges is less than the amount of
change in the internal global bin edges. Approximately, for
boundary global bin edges, � will remain the same and �
will decrease by 10%; for internal global bin edges, � will
increase by 2% and � will decrease by 15%. We can know
the routability after the local placement for the evaluating
region by using Equ. (5) and the predicted new values for
� and � obtained from this empirical method.

Other can estimating the routability of a evaluating region,
we need an expansion scheme to �nd the congestion reduc-
tion region. We expand the current evaluating region in
four possible ways: up, down, left and right. For the verti-
cal expansion (up and down), we let the current evaluating
region have one more row of global bins; For the horizontal
expansion (left and right), we let the current evaluating re-
gion have one more column of global bins. Then we evaluate
the routability of the four newly expanded region and pick
the one with the best estimated routability as the new re-
gion. We will repeat this procedure until one of the following
three conditions becomes true: 1. The estimated routability
of the new region is better than an expected value. 2. The
new region has worse estimated routability than the original
region. It means that the neighborhood is more congested
than the original evaluating region. 3. The new region oc-
cupies the whole layout area so that there is no more space
to expand.

We call this expansion scheme a 
exible expansion scheme
because the expanded region is di�erent for di�erent layouts.
In order to compare with the 
exible expansion scheme, we
also propose three trivial expansion schemes: the zero ex-
pansion scheme, the constant expansion scheme and the full
expansion scheme. As the name itself suggests, the zero
expansion scheme will not perform any expansion. It will
use the original congested spots as the congestion reduc-
tion regions. The constant expansion scheme will always
expand the original congested spots by a constant amount
to form the congestion reduction regions. The full expan-
sion scheme will always use the whole layout area as the
congestion reduction region. Note that the no-expansion,
the constant expansion and the full expansion scheme do
not require an estimation of routability. The 
exible expan-
sion scheme needs to estimate the routability of a region in
order to decide the shape and the location of the congestion
reduction region.

4.3 Perform Congestion Reduction
Once the congestion reduction regions are determined, we
can perform a congestion optimization process within each
region. In [14], Wang and Sarrafzadeh used a random greedy
method and got a decent amount of reduction in congestion.



For the ease of implementation, we use the same method as
in [14] to perform our congestion reduction. We randomly
pick a cell in the congestion reduction region and propose to
move it to a randomly picked destination global bin within
the same region. If the proposed move will actually result
in a reduction in congestion (i.e. a reduction in the total
over
ow), we will make this move. Otherwise, the proposed
move is cancelled and the picked cell will not be moved. This
process will stop when there is no reduction in congestion
after a certain number of moves are proposed.

Circuit Be- Af-
(routing fore ter % % %
supply) OF OF (�OF) (�WL) (�jWLj)
h2-v1(5) 4 4 0% 0% 0%
fract-v1(5) 21 18 0% 0% 0%
P1-v1(12) 58 56 3.4% 0.14% 1.01%
P1-v2(14) 21 18 14.3% 1.38% 3.01%
P2-v1(24) 26 14 46.2% 0.23% 0.52%
P2-v2(22) 74 53 28.4% 0.19% 0.77%
struct-v1(8) 10 9 10.0% 0.11% 0.43%
struct-v2(7) 41 32 21.9% 0.04% 0.50%
biomed-v1(9) 102 67 34.3% 0.09% 0.16%
biomed-v2(10) 20 15 25.0% 0.08% 0.15%
avqs-v1(25) 64 47 26.5% 0.17% 0.24%
avqs-v2(27) 26 20 23.1% 0.02% 0.13%
avql-v1(27) 81 67 17.3% 0.05% 0.08%
avql-v2(29) 37 25 32.4% 0.08% 0.12%
average { 20.2% 0.18% 0.51%

Table 1: Multi-center congestion reduction with
zero expansion scheme (v1 and v2 correspond to two

di�erent white space allocation).

5. EXPERIMENTAL RESULTS
Experiments are done to test the newly proposed multi-
center congestion reduction (MC2R) algorithm in the previ-
ous section. We compare four expansion schemes explained
in the previous section: zero, constant, 
exible and full ex-
pansion. For the constant expansion scheme, we always ex-
pand the original congested spot in all four directions (up,
down, left, right) equally by one global bin. For instance, if
the original congested spot contains m� n global bins, the
new expanded region will always contain (m+ 2)� (n+ 2)
global bins if there is enough room to expand. Since the
full expansion scheme always use the whole layout area as
the congestion reduction region, it is basically the same al-
gorithm as the one proposed in [14].

We use eight MCNC standard-cell benchmark circuits for
our experiments. The size of the global bin grid is chosen
so that each bin has roughly 5 - 50 cells. We run two sets
of experiments (`v1' and `v2') for each circuit with di�er-
ent values of routing supply except h2 and fract. This is
because h2 and fract are small and they are not very inter-
esting comparing to other benchmark circuits. In practice,
di�erent routing supply values are caused by di�erent num-
ber of routing layers or di�erent white space alocation, etc..
The input placement to the MC2R algorithm is a wirelength
optimized placement obtained by using the NRG placement
tool [8]. In this paper, we will not set actual performance

Circuit Be- Af-
(routing fore ter % % %
supply) OF OF (�OF) (�WL) (�jWLj)
h2-v1(5) 4 4 0% 0% 0%
fract-v1(5) 21 21 0% 0.72% 0.72%
P1-v1(12) 58 55 5.2% 1.43% 4.86%
P1-v2(14) 21 13 33.3% 3.88% 4.32%
P2-v1(24) 26 3 88.5% 10.2% 12.1%
P2-v2(22) 74 12 83.8% 14.4% 16.2%
struct-v1(8) 10 8 20.0% 7.5% 8.0%
struct-v2(7) 41 24 41.5% 5.3% 7.5%
biomed-v1(9) 102 62 39.2% 2.76% 3.35%
biomed-v2(10) 20 8 60.0% 0.17% 0.28%
avqs-v1(25) 64 31 51.6% 2.15% 2.55%
avqs-v2(27) 26 10 61.5% 0.89% 1.12%
avql-v1(27) 81 66 18.5% 0.18% 0.36%
avql-v2(29) 37 8 78.4% 1.0% 1.3%
average { 41.5% 3.61% 4.48%

Table 2: Multi-center congestion reduction with
constant expansion scheme (v1 and v2 correspond
to two di�erent white space allocation).

constraint. We assume that the input placement meets all
the performance constraint of the design. We will apply our
MC2R algorithm integrated with four expansion schemes on
the input placement. Finally we will compare the amount of
reduction in the over
ow, the amount of change in the total
wirelength and the summation of the amount of absolute
change in wirelength for all nets. The amount of reduction
in the over
ow represents the amount of improvement in
routability. The amount of change in the total wirelength
represents the amount of change in the layout area to some
extent. The amount of absolute change for all nets repre-
sents the amount of change in the placement.

Circuit Be- Af-
(routing fore ter % % %
supply) OF OF (�OF) (�WL) (�jWLj)
h2-v1(5) 4 4 0% 0% 0%
fract-v1(5) 21 18 14.3% 0.72% 0.72%
P1-v1(12) 58 52 10.3% 0.79% 1.86%
P1-v2(14) 21 13 33.3% 1.06% 5.13%
P2-v1(24) 26 2 92.3% 2.55% 3.38%
P2-v2(22) 74 27 63.5% 4.19% 5.43%
struct-v1(8) 10 6 40.0% 0.50% 0.68%
struct-v2(7) 41 30 24.4% 1.21% 2.56%
biomed-v1(9) 102 67 34.3% 0.50% 0.65%
biomed-v2(10) 20 9 55.0% 0.07% 0.11%
avqs-v1(25) 64 27 57.8% 1.37% 1.60%
avqs-v2(27) 26 12 53.8% 0.60% 0.70%
avql-v1(27) 81 50 38.2% 1.43% 1.74%
avql-v2(29) 37 17 54.1% 0.36% 0.42%
average { 40.8% 1.10% 1.78%

Table 3: Multi-center congestion reduction with

exible scheme (v1 and v2 correspond to two dif-

ferent white space allocation).



Table 1 shows the result for the zero expansion scheme. Ta-
ble 2 shows the result for the constant expansion scheme.
Table 3 shows the result for the 
exible expansion scheme.
We also show the result for the full expansion scheme in
Table 4. By comparing the zero expansion, the constant
expansion and the full expansion scheme, we found that
there is always a correlation between the amount of reduc-
tion in congestion and the amount of change in the place-
ment. The more we change the placement, usually the more
reduction in congestion we will get. The zero expansion
has the least amount of reduction in congestion (20%) and
the least amount of change in placement (0:5%). The full
expansion scheme has the most amount of reduction in con-
gestion (49%) and the most amount of change in placement
(6:5%). The constant expansion scheme is in between with
42% reduction in congestion and 4:5% change in placement.
Comparing to these three expansion schemes without us-
ing any routability estimation method, the 
exible expan-
sion scheme is very e�ective in reducing congestion while
keeping placement almost unchanged. It can achieve similar
amount of congestion reduction as the constant expansion
scheme (41%) while only change the placement by less than
half as much as the constant expansion scheme (1.8% ):

Circuit Be- Af-
(routing fore ter % % %
supply) OF OF (�OF) (�WL) (�jWLj)
h2-v1(5) 4 4 0% 0% 0%
fract-v1(5) 21 21 0% 2.90% 3.62%
P1-v1(12) 58 55 5.17% 2.43% 5.67%
P1-v2(14) 21 19 9.52% 14.7% 20.1%
P2-v1(24) 26 0 100% 9.96% 11.2%
P2-v2(22) 74 10 86.5% 14.3% 16.7%
struct-v1(8) 10 5 50.0% 5.52% 6.30%
struct-v2(7) 41 28 31.7% 3.24% 4.20%
biomed-v1(9) 102 38 62.7% 7.01% 8.00%
biomed-v2(10) 20 8 60.0% 2.20% 2.47%
avqs-v1(25) 64 17 73.4% 4.20% 4.77%
avqs-v2(27) 26 8 69.2% 1.71% 1.83%
avql-v1(27) 81 40 50.6% 3.80% 4.18%
avql-v2(29) 37 5 86.5% 2.17% 2.33%
average { 48.9% 5.30% 6.53%

Table 4: Multi-center congestion reduction with full
expansion scheme (v1 and v2 correspond to two dif-
ferent white space allocation).

6. CONCLUSION
In this paper we studied the congestion distribution on a
layout. We gave a mathematical equation (9) to predict
the over
ow within a region using a normal distribution ap-
proximation. According to Fig. 2, Equ. (9) does give a
good estimation of over
ow. We used this equation to �nd
the smallest region which have enough routing resource to
alleviate the congestion and form the core of the 
exible
expansion scheme in our MC2R algorithm. Experimental
results show that generally there is a correlation between
the amount of reduction in congestion and the amount of
change made to the placement. However, the 
exible expan-
sion scheme is very e�ective in helping us reduce congestion
while made only little change to the placement. Comparing

to the full expansion scheme (49% congestion reduction and
6:5% change in placement), the 
exible expansion scheme
together with MC2R algorithm can reduce congestion by al-
most the same amount (42%) with much less change made
to the placement (1:8%).
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