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Parallel Genetic Algorithm for 3-D
Rectilinear Steiner Tree

MicHIROH OHMURA,! HIRoFuMI SENOUT2*1
and MAKOTO UEDA?

As manufacturing technology has advanced in recent years, 3-D VLSI in
which circuits or dies are piled on top of each other, MCM and so on have been
the focus of attention. A rectilinear Steiner tree is one of the most important
problems that are applied to the global routing in LSI or other designs. In
the routing design, wire bends (vias) had various bad influences such as prop-
agation delay and therefore degrade circuit performance. However, rectilinear
Steiner trees with the minimum number of bends cannot avoid obstacles flexi-
bly. In this paper, we propose a parallel genetic algorithm which can obtain a

rectilinear Steiner tree with short wire length and can avoid obstacles flexibly
by using minimum+1 bends. In our method, given a set of points S in the
space, a Euclidean minimum spanning tree for S, and obstacles, each edge of
the Euclidean spanning tree is replaced by the segments which are parallel to
the X-axis, the Y-axis, or the Z-axis. For the evaluation criteria, a linear sum
of the wire length and diameter of the rectilinear Steiner tree is used. The
experimental results to show the effectiveness of the proposed method are also
shown.
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Fig.3 Rectilinear Steiner tree.
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Fig.2 Euclidean spanning tree.
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Fig.4 Number of bends and obstacles.
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Table 1 Permutations and genes.
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Fig.5 Relationship of the positions between two rectangular solids.
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Fig.7 Obstacles and genes.
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02 00000000
Table 2 Testing cases with no obstacles.

Conventional method Proposed method

L [0} Cost Time L [0} Cost Time
318.4 | 266.2 | 3450.2 0.086 | 312.5|219.4 | 33444 0.151
398.5 | 273.0 | 4258.0 0.116 | 393.1 | 248.0 | 4179.0 0.171

5
6
7 443.5 | 312.5 | 4747.5 0.139 | 439.0 | 290.5 | 4680.5 0.219
8
9

466.6 | 349.6 | 5015.6 0.139 | 455.8 | 3104 | 4868.4 0.245
551.2 | 3743 | 5886.3 0.197 | 542.4 | 348.8 | 5772.8 0.297
10 583.1 | 366.9 | 6197.9 0.215 | 5743 | 340.9 | 6083.9 0.331
15 772.6 | 475.8 | 8201.8 0.496 | 762.2 | 456.5 | 8078.5 0.582
50 | 1764.5 | 732.0 | 18377.0 | 10.258 | 1736.6 | 690.4 [ 18056.4 | 10.544
100 | 2700.7 | 932.0 | 27939.0 | 76.801 | 2654.8 | 888.2 | 27436.2 | 77.105
150 | 3470.4 | 908.9 | 35612.9 | 255.156 | 3419.0 | 861.6 | 35051.6 | 256.591

03 ooooooo
Table 3 Comparison with optimal solutions.

Opt. value Conventional method Proposed method
! L Time L Time L Time
5 238.1 0.167 245.4 0.077 239.8 0.133
6 290.4 11.518 296.7 0.077 291.8 0.193
7 328.7 753.339 335.7 0.131 3313 0.239
8 345.4 | 37114.050 356.1 0.149 347.0 0.240
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Table 4 Testing cases with obstacles.

Conventional method Proposed method
L 10) Cost Time L 10) Cost Time
5 319.7 | 266.5 | 3463.5 0.106 | 312.5 [ 218.6 | 3343.6 0.230
6 398.9 | 273.4 | 4262.4 0.125 | 393.1 | 250.7 | 4181.7 0.250
7 4452 | 315.7 | 4767.7 0.193 | 437.9]292.1 | 4671.1 0.276
8
9

47541 360.8 | 5114.8 0.209 | 461.4 | 311.5| 49255 0.298
560.3 | 382.4 | 5985.4 0.260 | 540.1 | 349.4 | 57504 0.359
10 586.3 | 369.7 | 6232.7 0.300 | 576.7 | 337.7 | 6104.7 0.394
15 784.5 | 481.9 | 8326.9 0.544 | 766.0 | 452.8 | 8112.8 0.682
50 [ 17943 | 742.2 | 18685.2 | 10.438 | 1738.5 | 692.9 | 18077.9 | 10.844
100 | 2748.4 | 948.8 | 28432.8 | 77.236 | 2668.0 | 900.9 | 27580.9 | 77.664
150 | 3521.0 | 949.7 | 36159.7 | 255.574 | 3424.1 | 880.8 | 35121.8 | 257.517
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Fig.9 Obstacles and rectilinear Steiner tree.
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Table 5 Testing cases with more obstacles.

Conventional (n=150) Proposed (n=150)
R Rate R Rate
50 100% 150 100%
100 100% 300 100%
150 100% 500 90%

200 70% 800 90%
250 50% 1000 80%
300 30% 1200 70%
350 10% 1500 50%
400 10% 1800 20%
450 10% 2000 10%
500 0% 2100 0%
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Table 6 Comparison with non-parallel version.

06 OOoOOO0OO

6. DOOgoOoOOoOOd
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Proposed, Non-parallel Proposed, Parallel

" L 1) Cost Time L 103 Cost Time

5 312.5 | 219.3 | 33443 0.253 | 312.5|218.6 | 3343.6 0.230
6 393.3 [ 249.8 | 4182.8 0.316 | 393.1 | 250.7 | 4181.7 0.250
7 438.1 | 292.6 | 4673.6 0.420 | 4379 [292.1 | 4671.1 0.276
8 462.5 [ 313.2 | 4938.2 0.506 | 461.4 | 311.5| 49255 0.298
9 540.8 | 343.1 | 5751.1 0.646 | 540.1 | 349.4 | 5750.4 0.359
10 576.1 | 339.7 | 6100.7 0.759 | 576.7 | 337.7 | 6104.7 0.394
15 766.4 | 448.3 | 81123 1.846 | 766.0 | 452.8 | 8112.8 0.682
50 | 17453 |1 692.4 | 181454 42.190 | 1738.5 | 692.9 | 18077.9 | 10.844
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