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A Module Placement Algorithm by Force-directed Method
without Overlapping

HIROYUKI YAMAZAKI,t® NAOTO MIKAMIt and ATSUSHI TAKAHASHI

For a placement problem to minimize the total wire length among modules, force-directed
models are often used. However, since the conventional force-directed based algorithms per-
mit overlaps of modules, it takes a long time to remove overlaps of modules in a placement
that is obtained by those algorithms. In this paper, we devise initial placement, movement
of modules, and shape of modules so that modules can move smoothly and so that good
placement can be obtained. In experiments, our algorithm is faster than other force-directed
based algorithms, while the total wire length is comparable to that by other force-directed
based algorithms.
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01 MCNCOOOOOOOO
Table 1 Statistics of MCNC benchmark circuits.

0OoDO000  1[JOO00DO 0000 00000 0ooo0o0o0oo0ood OO0

O] O] o] [mm X mm] [mm?]
ami33 33 42 123 2.05 x 1.46 1.156 0.39
amid9 49 22 408 7.67 x 7.84 35.44 0.59
playout.xlii 62 192 1611 17.82 x 8.81 88.22 0.56

02 MCNCOOOOOOOOOOODOOOO

Table 2 Experimental result on MCNC benchmark circuits.

ooo oo 0000 0Oo0o0moooao 0ooo oooooo
ooooao [mm)] [s]

ami33 goooooo 78.050  76.850  1.990 0.640 0.3600.290

00.710 goooo 80.980 79.260 2.360 0.840 0.4500.390

ooooo 75.510  75.120 1.990 0.660 0.38000.280

gooooooo 76.950  76.950 O 0.560 0.560 O

goooo 79.570  79.570 —0 0.460 0.460 —O

ooooo 72.410  72.410 —0 0.840 0.840 —0O

Eisenmann O 76.150  78.550  3.130 0.800 0.3800.420

goooo 82.700 81.890 1.270 0.560 0.4100.150

ooooo 72.670  71.740 2.980 0.690 0.3500.340

FDR O 84.230 55.860 13.540 1.380 0.5000.870

goooo 91.250  55.220 13.610 1.380 0.5000.880

ooooo 78.890  55.500 13.760 1.200 0.4400.760

ami49 ooooooo 953.5600 938.5600 11.060 1.580 0.5800.990

0 0.980 goooo 972.040 967.390 11.750 1.530 0.4901.040

goooo 916.400 912.300 9.460 1.470 0.6800.790

oooooooo 911.260 911.260 —0 1.440 1.440 —0O

goooo 981.090 981.090 O 2.030 2.030 O

goooo 861.000 861.000 —0 1.910 1.910 —O

Eisenmann O 920.270 820.260 35.190 5.020 0.4904.530

goooo 991.190 783.330 37.280 3.640 0.3203.320

goooo 856.610 749.620 26.240 3.070 0.4602.610

FDR O 1178.1 O 194.610 107.420 9.840 0.86018.980

goooo 1398.7 O 195.870 112.120 10.510 0.8809.630

goooo 1035.0 O 196.610 106.900 8.820 0.9107.910

playout.xlii goooooo 6227.0 0 5967.6 O 33.150 2.890 1.0601.830

0 0.490 ooooo 6386.4 0 5939.3 O 31.660 2.650 0.9201.730

goooo 6019.5 0 5896.8 O 30.770 3.130 1.0302.100

gooooooo 6526.1 0 6526.1 O —0 3.090 3.090 —O0O

ooooo 6944.8 [0 6944.8 O —0 4.470 4.470 —0O

goooo 6180.0 0 6180.0 O O 2.800 2.800 O

Eisenmann O 6760.8 0 6207.9 O 53.690 4.77 1.6303.140

ooooo 7044.5 0 6685.8 0 56.990 4.890 1.8903.000

goooo 6454.8 0 6083.5 O 45.050 3.400 1.4801.920

FDR O 8168.4 0 2360.3 0 201.630 26.890 14.10002.790

ooooo 8785.4 [0 2498.3 0199.380 26.790 14.06(12.730

goooo 7437.1 0 2350.4 0200.800 26.430 14.2402.190
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Fig.7 Proposed method (circle): final layout of circular

modules (ami49).
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Fig.8 Proposed method (circle): after transformation
into rectangles (ami49).
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Fig.9 Proposed method (circle): after eliminating

overlaps (amid9).
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Fig.10 FDR method: before removal of overlaps (ami49).
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Fig.11 Eisenmann method: before removal of overlaps
(ami49).
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