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In this paper, we present a novel concept of the general connectivity among cells. While conventional concept
considers direct connections only, the new concept considers both the direct and indirect connections among cells
leading to a model capturing a more precise relationship among cells. Based on the model, a new parallel clustering
approach is proposed and analyzed. Another new concept of the stable cluster is introduced to improve the
clustering result. In conjunction with the clustering process, an investigatory procedure which back tracks the
cluster development process to check if all clusters are stable is also developed. Initial test runs, using the new
clustering approach for placement, yield an encouraging 21.6% reduction on the number of feed-throughs in a
complex ASIC design.
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1 INTRODUCTION

he placement problem in VLSI layout has at-
tracted a lot of attentions from researchers in

the past decades due to its importance in reducing
the chip area and improving the chip performance.
The problem has been proved to be NP-hard [14].
Therefore, there have been several independent ef-
forts [13, 15] directed towards obtaining the optimal
placement solution efficiently.

In recent years, there have been many reports on
the application of the simulated annealing method
to optimize cell placement in VLSI layout [7-10].
However, for some situations the method based on
the simulated annealing not only requires excessive
computing resources but also produces results no bet-
ter than those produced by simple heuristic methods
[11, 12]. For example, consider the problem with
only 50 cells and 500 nets [11]. The simulated an-
nealing with 3 annealing schedules and 2 allowed
moves from 10 different initial placements produced
the best result with a wire length of 1887 units in 900
seconds. On the other hand, the simple greedy al-
gorithm [16] achieved the wire length of 1842 units

in just 18 seconds. This is due to the following pri-
mary reasons.

(1) The method based on the simulated annealing
is effective in cases when (a) the envelop of the con-
vergency curve of the objective (cost) function is
monotonically decreasing and (b) the separations be-
tween a trough and its subsequent peak of the con-
vergency curve are also monotonically decreasing, as
shown in Figure 1. Unfortunately, for an NP-hard
problem, this is not generally the case. It is then very
difficult to implement an efficient annealing schedule
to reach the optimal solution in many situations.

(2) Because of the unpredictable nature of the con-
vergency process, the method based on the simulated
annealing degenerates into a random search produc-
ing a list of local optimal solutions. The quality of
the local optimal solutions improves as the search
time increases. This results in an excessive compu-
tational time or in a failure to reach an expected
solution in a limited time for large circuits.

In most of the existing iterative improvement al-
gorithms, a pair of cells is selected at a time and their
locations swapped. In many cases, the swap may not
be successful due to the connectivity constraints im-
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FIGURE Convergency curve of the objective function.
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posed by the current topology of the cells already
placed. For the example shown in Figure 2, if the
distances within the cells on the left and the right
are small and the distance d between the left and
right is large, then any swap between a single cell on
the left and a cell on the right will not be successful.
This seriously restricts the effectiveness of all such
improvement algorithms including that of the sim-
ulated annealing. On the other hand, the swap be-
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FIGURE 2 A unreasonable topology of cells.

tween the group (A, B) and the group (H, I, J) is
desirable because of improved wire length. How-
ever, the group-swapping is very difficult to imple-
ment due to the identification of the groups to be
swapped and the involvement of groups with differ-
ent size. Therefore, the development of techniques
to avoid such unreasonable topology in the initial
placement is very important.

Let us further observe how the initial placement
affects its corresponding final placement. Figure 3
shows our experimental results for the number of
feed-throughs in the final placement starting from 34
different initial placements. The results are derived
from the circuit HK5851 which consists of 1724 mod-
ules and 1893 nets. In the experiment, the construc-
tion algorithm growing from the opposite sides of the
chip is applied for the initial placement. Then the
pair exchange algorithm is invoked to arrive at the
final placement [6]. The relationship between the
number of feed-throughs in the initial placement and
that in the final placement is approximately linear.
Hence, a better initial placement is more likely to
lead to an improved final placement. Similar results
was first reported by Goto [1]. Therefore, it is es-
pecially important to obtain a good initial placement.

It can also be seen from Figure 3 that several points
deviate from the linear relationship. This may be due
to the following reasons:
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FIGURE 3 34 Experimental results of the circuit HK5851.

(1) In most of the widely used techniques for the
construction of initial placement, cells are generally
being placed one at a time. The selection of a cell
for placement is only based on its connectivity with
the other cells. It is impossible to use more accurate
criteria such as total wire-length and chip-area be-
cause they cannot be evaluated until all the cells are
placed. Hence, the quality of initial placement de-
pends critically on the accurate description of the
connectivity among cells. However, the traditional
description of the connectivity fails to provide suf-
ficiently accurate information for an effective initial
placement.

(2) During the iterative improvement phase, a pair
of cells is selected to swap their locations. However,
the swap may not be successful due to the connec-
tivity constraints imposed by the topology of the cells
placed during the initial or intermediate placement
(Figure 2).

It is clear from this description that to obtain a
satisfactory final placement, it is essential to improve
the quality of the initial placement with the help of
an accurate description of the connectivity among
cells and an avoidance of the unreasonable topolo-
gies such as that shown in Figure 2. In this paper,
we present a novel concept of the general connec-
tivity among cells and a new parallel clustering al-
gorithm to achieve the above objective.

This paper is organized as follows. Section 2 in-
troduces the concept and evaluation of the general
connectivity. Section 3 describes the principle of par-
allel clustering. Section 4 presents an algorithm for
the parallel clustering. Section 5 is devoted to the
applications, experimental results and discussions
about further study. Section 6 concludes the paper.

2 GENERAL CONNECTIVITY

We introduce a new motion of general connectivity
which allows representation of both the direct and
indirect connections among cells. It yields a more
accurate representation of the cell relationship as
compared to traditional approaches which consider
only the direct connectivity between cells. To define
the kth order general connectivity between cell and
cell , we introduce a concept of a connection graph
and a conductance networks for a given circuit.

Definition 1" v is a set of vertices in which each
vertex represents a cell to be placed.

Definition 2: e is a set of edges. An element eij is
an edge connecting vertices vi and v if there is a
connection between cell and cell ]. The weight of
an edge is a measure of the connection strength.
We denote the connection graph consisting of e

and v by P(e, v).
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Definition 3: p(i, j, k) is a subgraph of P(e, v)
where an edge and its related vertices are elements
of the subgraph p(i, , k) if and only if the edge lies
in a path connecting vertices vi and v with the path
length no more than k.

Definition 4: p*(i, j, k) is a conductance network
corresponding to the subgraph p(i, ], k), in which
each vertex in p(i, j, k) is replaced by an electrical
node and each edge in p(i, , k) is replaced by a
conductor with admittance equal to the weight of the
edge.

Definition 5" The kth order general connectivity
between cell and cell j, denoted by G(i, ], k), is
defined to be numerically equal to the admittance
between node and node j of the conductance net-
work p*(i, j, k). Obviously, G(i, , 1) represents the
direct connectivity between cell and cell ] and the
general connectivity is always greater than zero.
We illustrate the significance of the general con-

nectivity by using two simple examples. The con-
nection subgraph of the first example has a total of
5 vertices and 4 edges with the weights as indicated
in Figure 4. The corresponding conductance network
is also shown in the figure. Since there is only one
conductor between node 1 and node 2, G(1, 2, 1)
2q. Similarly, G(3, 4, 1) G(1, 5, 1) G(5, 2, 1)

2q. In order to determine the second order general
connectivity between cell 1 and cell 2, we have to
evaluate the total conductance between node 1 and
node 2 where all the connections with one or two
conductances between them are included. Hence,
G(1, 2, 2) 3q since the connection through node
5 is included and G(3, 4, 2) 2q. The traditional
approaches (which essentially employ the first order
general connectivity) cannot account for the indirect
connectivity through node 5. Thus, we have shown
by means of the second order general connectivity
that the relationship between cell 1 and cell 2 is
stronger than that between cell 3 and cell 4.

Eet us illustrate the utility of the general connec-
tivity to arrive at a good initial placement in the
example. Consider the following situation during the

initial placement. Assume that cell 1 has been placed
and cell 2 and cell 5 have not yet been placed. Also
assume that a cell will be placed only if its connec-
tivity with the cells already placed is not less than
2.5q. In this case, neither cell 2 nor cell 5 can be
placed based on the first order connectivity. This may
result in an unreasonable initial placement topology.
However, based on the second order general con-
nectivity, cell 2 will be placed followed by cell 5. In
fact, after cell 5 and cell 2 have been placed, the
direct connectivity of any cell among cell 1, cell 2
and cell 5 with other placed cells is not less than 4q
showing a good quality initial placement.

Similar phenomenon is also observed in the clus-
tering process. Although it is obvious that cell 1, cell
2 and cell 5 should be clustered together, based on
the traditional direct connectivity approach, any cell-
pair among cell 1, cell 2 and cell 5 cannot be clustered
because the connectivity of any cell-pair is not strong
enough due to the influence of unclustered cells.
Such situations will always lead to a major problem
for cell clustering. However, it is easy to cluster the
cells based on the general connectivity. Hence, the
general connectivity is useful in the improvement of
the initial placement, the clustering process, and an
avoidance of the construction of unreasonable initial
placement topology.
The significance of the general connectivity is fur-

ther illustrated by using another example. Figure 5
shows the subgraph for the determination of the 3
order general connectivity between cell A and cell
B. In the corresponding conductance network, the
admittance measured between node A and node B
is 2.5q Siemens. Hence, the 3rd order general con-
nectivity between cell A and cell B, G(A, B, 3) is
2.5q. We can explain the general connectivity by us-
ing another way;

G(A, B, 3) G(A, B, 1) + [G(A, B, 2)

G(A, B, 1)] + [G(A, B, 3) G(A, B, 2)],

G(A,B, 3) q + q + 0.5q 2.5q

3 2q
,(C) (C)

2q 2q

2q
5 2q
0

3
2q

4
I ii

2 2q

2q 5 2q

2q 2

FIGURE 4 A example illustrating the significance of the general connectivity.
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FIGURE 5 A subgraph for the determination of the 3rd order
general connectivity.

In Figure 5, it is obvious that G(A, B, 1) corre-
sponds to the direct connection between cell A and
cell B, [G(A, B, 2) G(A, B, 1)] corresponds to
the indirect connection of cell A and cell B through
cell C and cell D, and [G(A, B, 3) G(A, B, 2)]
corresponds to another indirect connection of cell A
and cell B through cell-pairs (E, C), (C, F), (G, D),
(D, H). This clearly shows that the general connec-
tivity is a global and accurate representation of con-
nection among cells. In particular, all the procedures
such as partitioning, pad-assignment, clustering and
initial placement which are dependent on the rep-
resentation of connection among cells will substan-
tially benefit from the usage of the general connec-
tivity.
Although the procedure for obtaining the kth order

connectivity between any two vertices is straight for-
ward, the requirement on computational resources
may be excessive if both k and the number of vertices
are large. Fortunately, in most practical applications,
it is adequate to limit k to within 5 [2, 4, 13]. Another
merit of using the general connectivity is that it be-
comes easy to incorporate a critical path by treating
the length of the critical path as less than k. In ad-
dition, it will be useful for clustering involving ring
which is regarded as one of the most difficult prob-
lems in traditional clustering algorithms [3] [Figure
6].
For the first order improvement in the represen-

tation of the connections between cells, the general
connectivity with the order k 2 is sufficient. A
simple algorithm to find the second order general
connectivity is described as follows.

for each cell and cell j, do
G(i, j, 2) 0;

for each cell i, do

A

E D
FIGURE 6 A clustering involving some rings.

for each cell j, where < j and G(i, j, 1) is not
equal to zero, do
G(/,j, 2) + G(i,j, 1);

for each cell i, do
for each cell n, do

for each cell j, where < j and both G(i, n,
1) and G(j, n, 1) are not equal to zero, do
G(i,j, 2) + [G(i, n, 1) * G(j, n, 1)]/

[G(i, n, 1) + G(j, n, 1)];
The complexity of this algorithm is O(rt3), where

n is the number of cells.
After the introduction of the concept of the gen-

eral connectivity, we introduce another new concept
of a stable cluster in Section 3.

3 STABLE AND NEAR STABLE
CLUSTERING

Clustering is an important procedure carried out
prior to the placement process [2, 4, 13]. In this
paper, the general connectivity is used as a basis for
the clustering process. We also introduce a new clus-
tering concept, the ’stable cluster’, to evaluate and
improve the result of the clustering process.

Let X be a cluster, A a subset of X, M X A
be the complementary set of A in X, and TA the
connectivity between A and all the other cells (inside
or outside of X),

TA-- E G(A,r, 1).
V rqA
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Definition 6" The cluster X is a stable cluster if and
only if for any A

G(A, M, 1) -> Ta G(A, M, 1)

A b and M - 4).

Clearly, we call a cluster ’stable’ if for any group
of cells within the cluster, the connectivity between
the group and the other cells within the same cluster
is stronger than that between the group and all the
cells outside the cluster. Hence, all the components
of a stable cluster are so tightly connected to each
other that the stable cluster can not be split. Clearly,
a cluster can be inherently regarded as a cell in par-
tition, placement or other layout phases only if the
cluster is stable.

In traditional clustering approaches [3], the cell-
pair with currently the largest connectivity is clus-
tered and treated as a new basic cell in subsequent
clustering. In this process, a constraint on cluster size
is used to prevent the formation of excessively large
clusters in early stages. The clustering process con-
tinues until all cells are included into a single cluster
(the final cluster). The process of developing the final
cluster is then used to obtain a linear placement strat-
egy. Obviously, this approach does not guarantee
that all the clusters obtained are stable.
The stable clusters are very useful for initial place-

ment. However, to evaluate the stability of a given
cluster, it is necessary to enumerate all possible sub-
sets for the cluster. If there are rn cells in the cluster,
the computational complexity for the enumeration
is O(m!). Therefore, finding the stable clusters is an
NP-hard problem. In order to develop an effective
procedure to find the stable clusters within a reason-
able computational time, it is necessary to introduce
a more comprehensive heuristic clustering approach.
We now present a theorem that facilitates the im-
plementation of a heuristic algorithm for finding a
stable cluster.

Theorem 1: A cluster X formed from two stable
subclusters A and B, such that X A + B, is a
stable cluster if G(A, B, 1) -> TA G(A, B, 1) and
G(A, B, 1) -> TB G(A, B, 1).

Proof of Theorem 1: Suppose C is any subset of A,
and D is any subset of B. In order to prove that X
is stable, it is necessary to show that

G[(C + D),(A C + B D), 1]-->Tc+D

G[(C + D),(A C + B D),I

Casel. C AandD 0.
In this case, C + D A,A C + B D

B and TC+D TA.
Since G(A, B, 1) >- TA G(A, B, 1),
hence, G[(C + O), (A C + B O), 1] >--

TC+D G[(C + D), (A C + B D), iI.
(The proof for the case C 0 and D B is similar
to that for C A and D 0).

Case 2. C#0andD#0.
In this case,

G[(C + D),(A C + B- D), 1]

G[C, (A C), 1]
+ G[D, (A C), 1] + G[C, (B- D), iI
+ G[D, (B D), 1].

Since both A and B are stable,

G[C, (A C), 11 + G[D, (A C), II
+ G[C, (B D), 1] + G[D, (B- D), 1]
-> Tc G[C, (A C), 1] + G[D, (A C), 1]

+ G[C, (B D), 11 + To- G[D, (B D), 1]

Tc G[C, (A C), 1]

G[D, (A C), 1] G[C, (B D), 1]
+ TD--G[D,(B- D),I] + R,

where R 2{G[D, (A C, II + G[C, (B- D),
1l}.

Since Tc + TD TC+D + 2 X G(C, D, 1)
Tc+o + S->Tc+o, whereS 2 x G(C,D, 1),

hence, G[(C + D), (A C + B D), 1] >--
TC+D G[(C + D),(A C + B D), 1] + R
+ S >-TC+D G[(C + D), (A C + B- D),
1].
[Q.E.D.]
From the proof, we can see that in order to ensure

the stability of X, for case 1, the conditions G(A, B,
1) -> TA G(A, B, 1) and G(A, B, 1) -> TB G(A,
B, 1) are necessary. However, in case 2, since the
term R + S is always non-negative, it is easy to see
that the condition of both A and B being stable is
sufficient but not necessary to ensure the stability of
X. Intuitively, we now introduce a heuristic idea. If
the conditions G(A, B, 1) -> TA G(A, B, 1) and
G(A, B, 1) -> TB G(A, B, 1) are satisfied where
the subclusters A and B are only ’near.stable’, the
cluster X will still be stable in most situations. Based
on this idea, we present a heuristic clustering algo-
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FIGURE 7 The reevaluation of the general connectivity.

rithm capable of producing stable clusters in most
situations.
The algorithm consists of two parts. In the first

part of the algorithm, a subcluster-pair A, B is clus-
tered to form X if the conditions G(A, B, 1) -> TA

G(A, B, 1) and G(A, B, 1) >- TB G(A, B, 1)
are satisfied or the general connectivity value be-
tween A and B is not less than a prespecified value.
The prespceified value is called ’immediate clustering
threshold’. In other words, any subcluster-pair with
lower general connectivity than the threshold will not
be clustered. In the second part of the algorithm, an
investigatory procedure back tracks the clustering
process to check if the cluster developed in the first
part of the algorithm is stable. The cluster X is con-
sidered to be a stable cluster if G(A, B, 1) -> TA

G(A, B, 1) and G(A, B, 1) :> TB G(A, B, 1) based
on the heuristic idea; Otherwise, the cluster X is not
stable and the subclusters A and B should be left in
the decomposed state. The stability check continues
until all the clusters are verified to be stable. A single
cell is considered to be a stable cluster if it fails the
stability checks with the other subclusters.
The cluster which includes only the original cells

is called ’first level cluster’. The cluster is called (n
+ 1)th level cluster if the maximum level of its con-
stituent subcluster is n. A clustering procedure is
called parallel clustering if the (n + 1)th level cluster
is formed only after all the nth level clusters have
been formed.
We now explain the need for the reevaluation of

the general connectivity during the clustering pro-
cess. Consider the circuit shown in Figure 7a where
the weight of each of the connections is as indicated.
In Figure 7a, G(1, 2, 2) 0. After cell 3 and cell 4
are clustered, the result is shown in Figure 7b. Now,
G(1, 2, 2) is greater than zero. Hence, it is necessary
to reevaluate the general connectivity of the cells
related to the new cluster for subsequent clustering.
Obviously, in parallel clustering, the reevaluation of
the general connectivity is needed only at the starting
of a new level.

After the clustering process has been completed,
the maximum level of the clusters is called ’depth of
the clustering tree’. The depth of the clustering tree
should be as small as possible for a good placement
[4]. Figure 8a shows a parallel clustering tree and
Figure 8b shows a nonparallel clustering tree for the
same set of cells. The depth of the clustering tree in
Figure 8a is 3 and that in Figure 8b is 7. Obviously,

3 7
6

2
4

5

1 2

io
(a) (b)

FIGURE 8 The clustering tree.
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it is advantageous to use the parallel clustering to
minimize the depth of the cluster tree. Therefore,
the parallel clustering method is adopted in this pa-
per. We shall also limit the number of cells in any
cluster to be less than a maximum, Nmax, to facilitate
the placement process.

In the parallel clustering procedure, an important
problem arises in that a cell which should become a
member of an existing cluster X in the next clustering
step is joined with another cell (or cluster) in the
present step. The cell is then deprived of the possi-
bility to cluster with X. In the worst situation, it
would result in the two related clusters to be un-
stable. For instance, consider Figure 9, in which the
connections and the associated weights are shown.
Here we have chosen Nmax 6 and the immediate
clustering threshold 4q. In the example of Figure
9a, G(A, B, 3) G(I, J, 3) 6.5q, G(D, G, 3)
4q, and G(D, B, 3) G(D, A, 3) G(G, I, 3)
G(G, J, 3) 4.9q. It is obvious that the cluster
formed by cells A, B, C, D, E and another cluster
formed by ceils F, G, H, I, J are stable. The key
point is that cell D should be a member of the cluster
including cell A and cell B, and cell G should be a
member of the cluster including cell I and cell J.
However, in the clustering procedure for the first
level cluster, the cell-pair D-G would be clustered
as well as the cell-pair A-B and cell-pair I-J as G(D,

G, 3) 4q (Figure 9b). As a possible result, the
cluster formed by cells A, B, C, D, G, E and another
cluster formed by cells I, J would be constructed.
But these two clusters would both be unstable.
Therefore, in the parallel clustering procedure, an-
other threshold called ’potential clustering threshold’
should also be included to avoid the above problem.
When two cells (or clusters) have been selected to
cluster, we ’lock’ all cells (or clusters) whose general
connectivity with one of the selected cells is not less
than the potential clustering threshold. In other
words, the locked cells would be prevented from
clustering with the other cells (or clusters) until the
next clustering level. Hence, the locked cells (or clus-
ters) can potentially join the previous cluster in the
next level.
Based on the discussions in Section 2 and 3, we

present a parallel clustering algorithm in Section 4.

4 ALGORITHM FOR THE PARALLEL
CLUSTERING

A heuristic algorithm for parallel clustering based on
the concepts of general connectivity and stable clus-
ter can now be constructed. Before the commence-
ment of the clustering process, the immediate clus-

2q
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2q 12q 2q
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2q
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FIGURE 9 The example for the potential clustering threshold.
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tering threshold (V), the potential clustering
threshold (V2) and the order of the general connec-
tivity (k) are set. In the algorithm, ’cell’ represents
both the original cell as well as the clustered com-
posite cell. The algorithm is as follows.

Step 1: Evaluate the general connectivity for all
the cell-pairs (i, j) for the first level clustering. Oth-
erwise, evaluate G(i, j, k) just for the related cell-
pairs. Clear all markings on the cells.

Step 2: Identify the unmarked cell-pair with the
largest value of G(i, j, k). Suppose the cell-pair iden-
tified is (r, s). If G(r, s, 1) -> Tr G(r, s, 1) and
G(r, s, 1) >- Ts G(r, s, 1), or G(r, s, k) -> V1, go
to step 3; else, go to step 5.

Step 3: Cell-pair (r, s) is marked ’immediately clus-
terable’, if the number of cells in cell-pair (r, s) is
less than Nmax.

Step 4: For an unmarked cell t, if G(r, t, k) or G(s,
t, k) is greater than V2, then a label ’potentially clus-
terable’ is marked on cell t. This locks cell t. Go to
step 2.

Step 5: If there is no cell-pair marked with ’im-
mediately clusterable’, go to step 7; else, go to
step 6.

Step 6: All cell-pairs marked ’immediately cluster-
able’ are clustered to form new cells. The original
cells are called the constituent cells and the resulting
new cell is called a composite cell. ,All the relation-
ships between the constituent and composite cells
are recorded. Go to step 1.

Step 7: Clear the markings on all the composite
cells.

Step 8: For each unmarked composite cell, the
connectivity between the constituent cells A and B
is reinspected for stability requirement. If G(A, B,
1) _> TA G(A, B, 1) and G(A, B, 1) -> TB G(A,
B, 1), the composite cell is marked as a ’stable cell’;
otherwise, the composite cell is not stable and is
decomposed into its constituent cells. Each of the
constituent cell is now regarded as a composite cell
if it is not an original cell.

Step 9: If there are no more unmarked composite
cells, go to step 10; else, go to step 8.

Step 10: All the marked composite cells are con-
sidered as final clusters. Stop.
The ’potentially clusterable’ marking of step 4 es-

sentially excludes cell from forming a cluster with
the leftover cells. Cell is then free to cluster with
the cluster formed by cell-pair (s, r) subsequently.
In general, most of the clusters produced by the
above algorithm are stable. Note that in the above
procedure all the clusters are developed in parallel
to minimize the depth of clustering tree. The com-
plexity of this algorithm is O(n4) where k 2 and

n is the number of cells. We shall present the results
of the application of this algorithm in Section 5.

5 EXPERIMENTAL RESULTS AND
DISCUSSION

The placement subsystem of the LSIS-II layout sys-
tem presented in [5, 6] is used as a platform to eval-
uate the efficiency of the general connectivity con-
cept and the parallel clustering approach. The LSIS-
II layout system is a practical design system based
on standard cells and macro cells, and has been in-
stalled in 10 institutions, universities and design
houses. The original initial placement algorithm of
the LSIS-II layout system used inside-outside con-
nectivity as cell selection criterion. Cells are placed
one at a time beginning from the periphery of a chip.
Various iterations such as cell-movement, pairwise-
interchange, neighbor-interchange, and cell-inser-
tion are adopted to improve placement. Because of
the application of multitarget objective function, the
convergency curve for the improvement of the place-
ment does not decrease monotonically (Figure 10).
The algorithm is able to escape from being trapped
at a local optimum solution to reach a better solution.
The initial placement subsystem is modified ap-

propriately to accommodate the method presented
in this paper. To examine the efficiency of the general
connectivity and parallel clustering, no modification
is made to the iterative placement procedure.
The circuits used in the experiments are ASICs

taken from industries. The largest circuit HK5851
consists of about 28 thousands transistors. The results
are tabulated in Tables I and II for comparison. It
can be seen from Table I that the number of feed-
throughs in the initial placements of circuits are re-
duced by 0.36%, 7.5%, and 19.4%, respectively. It
can also be seen from Table II that the number of
feed-throughs in the final placements are reduced by
5.2%, 9.4%, and 21.6%, respectively. In the above
examples, the chip-lengths are reduced by 0.45%,
1.08%, and 3.49%, respectively. For all the place-
ments, the number of blocks in each of the tested
circuit is fixed.

Initial test runs show that this approach is very
effective even when k is only 2, especially for large
circuit. The improvement is even more significant for
the larger and more complex examples. The number
of feed-throughs in the largest circuit HK5851 is re-
duced by over twenty per cent and the length of one
side of the chip is reduced by twenty grid spacing.
This improvement is significant. Because of the re-
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TABLE
The Comparison of Initial Placement Results

Size of circuit Number of feedthrough CPU time (s)
No. cells No. nets original method new method original method new method

256 355 278 277 1.34 3.41
608 699 946 875 3.75 21.3
1724 1893 2818 2270 29.5 120.3

Project

TABLE II
The Comparison of Final Placement Results

chip-length Number of feedthrough

original method new method improvement original method new method improvement

HK5601 219 218 0.48% 269 255 5.20%
HK5852 372 368 1.08% 777 704 9.40%
HK5851 573 553 3.49% 2184 1712 21.6%

duced number of feed-throughs, the number of pins
in each channel will also be reduced resulting in re-
duced channel routing densities. This will also result
in reduced chip-height. The improvement of the final
placement results is a strong indication to the im-
portance of good initial placement in VLSI layout
design. Another advantage of this method is that it

can be easily incorporated into any existing place-
ment system.
The CPU time required by the initial placement

(in the new approach, it includes the time required
by the parallel clustering) are also listed in Table I.
As can be seen from Table I, the computational time
required by our new approach is slightly longer. This
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is due to the time required by the clustering process.
Nevertheless, the increase in the computational time
is insignificant.

6 CONCLUSION

In this paper, we have presented a new concept of
the general connectivity which yields a more precise
and complete representation of the cell relationship.
The equivalence between the connectivity graph and
electrical network leads to a quantitative estimate of
the general connectivity. We have also presented a
heuristic parallel clustering approach based on the
concepts of the general connectivity and stable clus-
ter. We have shown its application in cell placement.
The results of initial test runs are very encouraging.
The approach leads to much better initial and final
placement without much penalty in execution time.
The potential of the general connectivity, the stable
cluster and the parallel clustering approach in the
layout improvement is excellent.
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