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(A Hierarchical Partitioning Method Using Clustering)
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Abstract

Partitioning is an important step in the hierarchical design of very large scale integrated
circuits. In this research. a new effective partitioning algorithm based on 2-level hierarchy
is presented. At the beginning. clusters are formed to reduce the problem size. To
overcome the weakness of the iterative improvement techniques that the partitioning
result is dependent on the initial partitioning and to consistently produce good results. the
cluster-level partitioning is performed several times using several sets of parameters. Then
the best result of cluster-partitioning is used as the initial solution for lower level
partitioning. For each partitioning, the gradual constraint enforcing partitioning method °
has‘ been used. The clustering-based partitioning algorithm has been applied to several
benchmark examples and produced promising results which show that this algorithm is
efficient and effective.
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f1(C. D) = num_cnet(C.D)) / MIN (num net
(C). num_net{D)) (2)

f2(C.D) = num _cnet(C.D) / (num net(C) +
num _net(D)) (3)
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Fig. 1. Closeness of clusters.
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Algorithm © make_cluster( thres )

/+ Each cell is a cluster at the beginning */
for( each cluster C) {
find candidate(C):
}
while( EVER ) {
find the pair of clusters(Cl,C2)
which have the largest closeness:
if  closeness(C1.C2) { thres )
break:
merge cluster(C1.C2):
/* Update closeness for the new cluster
and clusters connected to C1 and €2 =/
for( each changed cluster C" )
find candidate( C" )

find candidate( C ) {
/ * Find the closest cluster for C =/
oV = -0,
for(each cluster D having a connection to C){
v = closeness(C. D).
if( v)ov){
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oV = V!
C.closely_connected = D:
C.closeness = v
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Algorithm : Overall

input _data:
/ * Various cluster-level partitioning */
cut = infinity:
for( i=1: i=K: i++) {
/* thres [i] contains the predefined threshold
value for clustering at i-th iteration */
make_cluster( thres [i] ):
for( j=1: j&=M: j++ ) |
random initial partition(j):
mincut = GCEP():
if ( mincut ¢ cut ) {
cut = mincut:
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save result:

J

}

/* The save result is used as the initial
partitioning for cell level partitioning * /

flatten clusters:

/* Cell-level partitioning =/

GCEP():

output:
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Table 1. Examples.

Example #10 #nodes #nets

Test02 70 1663 1866

Test03 65 1607 1699

Test04 36 1515 1738

Test05 63 2595 2910

Test06 69 1752 1745

PrimGAl 81 752 904

PrimGA2 107 2907 3029

PrimSC1 81 752 904

PrimSC2 107 2907 3029
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Table 2. Partitioning Results. (time: sec)
SA (10 runs) F-M (500 runs) PD (1 run) NEW (1 run)
Example
mincut avg.cut sec/runjmincut avg.cut sec/run|mincut sec/run|mincut sec/run
Test02 90 109.0 4081 107 126.7 24.4 92 217 81 351
Test03 59 86.4 1284 81 145.8 20.6 58 530 62 255
Test04 53 69.5 2784 44 46.0 10.4 43 431 44 275
Test05 53 107.3 3176 42 44.9 20.1 42 1563 45 791
Test06 74 85.5 4710 74 180.7 55.3 62 1216 53 317
PrimGA1l 36 38.9 2424 37 86.5 17.2 39 207 38 41
PrimGA2 || 131 168.5 1903 146 397.0 193.4 123 1612 119 504
PrimSC1 41 63.8 4490 39 88.6 17.7 39 195 39 41
PrimSC2 || 128 156.4 4920 157 402.3 191.3 120 2512 119 518
Total 665 885.3 727 1518.5 618 600
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