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A Congestion-Driven Placement Improvement Algorithm

for Large Scale Sea-of-gates Arrays

Toshiyuki Sadakane, Hiroshi Shirota, Kazuhiro Takahashi, Masayuki Terai
‘ Mitsubishi Electric Corporation
4-1 Mizuhara, Itami, Hyogo 664, Japan

A fast placement improvement algorithm for large scale gate arrays is reported. This algorithm consists of a
new cell padding phase and a fast iterative improvement phase. To reduce local routing congestion on a chip, the
padding phase virtually expands the size of cells in the congested regions and relocates all the cells to eliminate the
cell overlap, preserving the relative cell position. We have developed a formula by which to estimate from the
expanded cell sizes the congestion after the relocation in each region on a chip. Using this, the padding phase
determines cell sizes that will equalize the congestion throughout a chip, by simulated annealing. The iterative
improvement phase minimizes the well known objective function that takes the local congestion into account, but
our algorithm is faster because of the use of a new gain estimation method for determining a better position to
which to move a cell. The experimental results on large gate array designs indicate that the routability of cell
placement is considerably improved by our algerithm.
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Fig. 7 The results of iterative improvement

Table 1. Results on industrial SOG circuits U time in mini

master INIT INITHT INIT+PAD+IT
circuits | - of | no.of | no.of | ' size no. of CPU no. of cPU no. of CPU | CPU
cells | nets. | pins |(raw-gates) Junconnects| (INIT) Junconnects| (IT) | unconnects | (PAD)| (IT)
sogl .| 3,381| 4,370 13,635 10K 908 0.8 838 3.2 424 1.3 3.1
sog2 | 6,033| 6,043| 15,582 20K 8 2.9 4] 5.3 0 1.5 5.0
sog3 | B,429| 9,626| 31,716 20K 43 2.0 16 74 3 15| 7.9
sog4 | 17,226]32,084| 82,699 400K| 980 6.4 238] 105 238 6.4 102
sog5 | 20,836 28,418 84,571 400K 175] 6.4 258| 18.0| 103 9.0] 18.0
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INIT+PAD+T tool A
circults no. of CPU no, of CPU no. of CPU
unconnects [ [min] junconnects { [min] | unconnects | [min]
sog4* 137 6.4 0] 38.8 74| 354
s0g5* 26 6.4/ 0] 49.7] 8,413] 37.9|

* Using different size of masterslice from the one in Table 1.

Table 3. Results on MCNC benchmark data

INIT+PAD+IT [ GORDIANL&DOMINO Il (from [12])
ircuits | N0-of [ no.of | no.of | no.of |CPU*| area |wiralength| no.of |CPU**
cireuits | cells | nets pins_{unconnects | [min] | fmm® | - [m] ~ [unconnects | {min} | &2 [mm®]
industry2 | 12,142{13,419]48,404 0] 45.9] 214.36 14.96 0] 159.8 214.25
industry3 | 15,032 21,940| 68,290 " 0] 36.6] 573.39 28.44 0| 1725 575.54
* on SPARC Station 20 (204.7MIPS)  ** on DEC statlon 5000/200



