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Abstract

In this paper, a new placement algorithm for gate array layout design is proposed.

The proposed algorithm can treat the variable-sized macrocells and by considering the 1/O pad
locations, the routing between I/O pads and the internal region of a chip can be automated
effectively.

The algorithm is composed of 3 parts, which are initial partitioning, initial placement and
placement improvement. In the initial placement phase, a given circuit is partitioned into 5 sub-
circuits, by clustering method with I/O pad seeds. In the initial placement phase, a combined
clustering/min-cut algorithm which considers connectivities of cells not only with I/O pads but also
with related partitioned groups is used repeatedly to assign aunique position toeach cell. In the
placement improvement phase, the concept of probabilistic wiring density is introduced, and cell
moving algorithm is proposed to make the density in a chip even.
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initial_partition ()

set factor A and B;

for (each group of N, S, E, W) {
set group size S;
SEED« {cells which are directly connected to I/0Q pads}
clustering (group, S, SEED):

b

group Ce«cells not included in N, S, E, or W;

=

q
2

 i=

-3

z7] #

clustering (group, S, CLUST)
{
maxgv—large_negative_value;
gain_update (each element in CLUST);
do {
for (each element i in CLUST)
for (each net n connected to cell i)
for (each cell ¢ connected to net n)
if(c not SELECTED && g(c) >maxgv) {
maxgv=g (c);
maxgc=c;

b
CLUST«CLUST U {maxgc};
gain_update (maxgc);
maxgv=Ilarge_negative_value;
size of CLUST +=size of maxgc;
t while(size of CLUST«S)
4

33 5. Clustering ¢ 1a%E
Fig. 5. Clustering algorithm.
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CL_MC (nodep)
NODE_t %nodep;
{
NODE_t * ptr;
/* jopad and related.group seed selection */
select.iopad_seed () ;
for {ptr=nodep->parent; nodep~VH ! =ptr—VH; ptr=ptr—parent)

related_g=ptr;

select.group_seed (related_g, nodep);
clustering{nodep);

mincut (nodep) ;

1% 6. Clustering/min-cut 43185
Fig. 6. Clustering/min-cut algorithm.

min-cut ()
{
do {
for (i=1; i<MIN (cells in A,cells in B);i++) {
compute gain values of all acA,beB;
find ai, bi'that result maximum Hi — H (ai, bi)
=h(ai) +h (bi) —d (ai, bi);
save ai, bi and mark them LOCKED;
}
find k that maximize Hmax—z Hi

if (Hmax>0)
exchange al, -+, ak with bl, -+, bk;
} while (Hmax>0)
b
33 7. Min-cut &22lE

Fig. 7. Min-cut algorithm.
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cell_assign()

$

for(each cell in leaf node of tree) {
assign center point as its initial position;
assign normalized cell position;

t

overlap_check;

remove_overlap;

SHERRE- D
Fig. 9. Cell assign procedure.
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place_improve ()
{
make minimum spanning tree;
make density matrix;
while {(max_density={ind_ cutline ( }) > given_ track_capacity) {
switch (select_cell_pair (cutline) ) {
case MOVE:
move a selected cell to the other side of cutline;
break;
case EXCHANGE:
exchange the positions of two selected cells;
break;
default:
exit;
}
modify density matrix;
t
b
select_cellpair (cutline)
{
make candidate cell lists of A and B for the cutline;
calculate gain values of candidate cells;
select Ca and Cb with maximum gain values in A and B;
if (gain of both Ca and Cb>0) {
if {S{Ca) ==S(Cb}| | ROW (Ca) ==ROW(Ch) )
return(EXCHANGE);
else if (ROW (Ca) and ROW (Cb) have room for Cb and Ca, respectively}
return(EXCHANGE);
else
return(MOVE);
b else if (gain of 1 of 2 cells>0 && gain of the other<0)
return(MOVE);
else
return(NULL);

a3 WA A 2y

Fig. 13. Placement improvement procedure.
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