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A High Performance X-architecture Multilayer Global Router for VLSI
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Abstract
The proposed X-architecture and pervasive multilayer technology make the global routing problem more complex. For

The introduction of X-architecture can improve many performance standards of the chip in physical design.

this reason, this paper presents the following enhancements based on XGRouter: 1) the introduction of some new types
of routing; 2) the combination of particle swarm optimization (PSO) algorithm and maze routing with new routing cost;
3) a reduction strategy of routing capacity in the initial stage. Then the multilayer routing model is introduced and
the integer linear programming model of XGRouter is simplified. Finally, a high performance X-architecture multilayer
global router, namely ML-XGRouter, is proposed. The experimental results on benchmark circuits have shown that our
proposed ML-XGRouter is effective and superior to state-of-the-art multilayer routing algorithms on overflows and the
total cost of wirelength, which are the two most important optimization goals for the multilayer global routing problem.
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Table 1  Comparison of routing results without and with E1 strategy (E2 strategy)

o EO0 E1 W (%) E2 W (%)

HL % TOF TWL TOF TWL TOF TWL TOF TWL TOF TWL
11 85 46.7 85 46.9 0 —0.43 0 47.9 100 —2.57
12 75 45.9 70 45.8 6.67 0.22 0 46.6 100 —1.53
13 44 127.1 34 127.2 22.73 —0.08 0 128.9 100 —1.42
14 12 110.8 7 110.9 41.67 —0.09 0 111 100 —0.18
15 32 130.8 29 131.4 9.38 —0.46 0 130.3 100 0.38
16 2 33.9 1 33.9 50 0 0 33.9 100 0
17 0 63.4 0 63.3 0 0.16 0 63.5 0 —0.16
18 3779 80 3682 80 2.57 0 3170 80.8 16.12 -1

AVG 16.63 —0.09 77.01 —0.81

(2) NC, 5B £ p 4% (b) NC, 573 £ P i
(a) The two pins of NC, (b) The two pins of NC,
across the even grid across the odd grid
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Table 2  Comparison of routing results without and with E3 strategy, on the basis of E1 strategy (E2 strategy)
B E1l E1+E3 W (%) E2 E2+E3 B (%)
ENES TOF TWL TOF TWL TOF TWL TOF TWL TOF TWL TOF TWL
11 85 46.9 68 46.4 20 1.07 0 47.9 0 47.5 0 0.84
12 70 45.8 49 44.4 30 3.06 0 46.6 0 45.6 0 2.15
13 34 127.2 27 123.7 20.59 2.75 0 128.9 0 127.4 0 1.16
14 7 110.9 7 110.2 0 0.63 0 111 0 110.7 0 0.27
15 29 131.4 13 127.7 55.17 2.82 0 130.3 0 129.8 0 0.38
16 1 33.9 1 33.9 0 0 0 33.9 0 34 0 —-0.3
17 0 63.3 0 63 0 0.47 0 63.5 0 64.2 0 —-1.1
18 3682 80 3226 80.5 12.38 —0.63 3170 80.8 3165 81 0.16 —0.25
AVG 17.27 1.27 0.02 0.39
3 16 E1 A1 E2 SNSRI R ALl ER SR RR T E3 SIS 1 2k 45 R0 L
Table 3 Comparison of routing results without and with E3 strategy, on the basis of E1 and E2 strategies
Haafi E1+E2 E1+E2+ E3 WA (%)
L TOF TWL TOF TWL TOF TWL
11 0 47.8 0 47 0 1.67
12 0 46.5 0 45 0 3.23
13 0 128.8 0 124.6 0 3.26
14 0 110.9 0 110.1 0 0.72
15 0 130.2 0 126.8 0 2.61
16 0 33.9 0 33.9 0 0
17 0 63.4 0 63.1 0 0.47
18 3106 80.8 2762 81.1 11.08 —0.37
AVG 1.38 1.45
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E3 SRug v A sk E1 F E2 SRR RE 77,
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CEWAR

3.3 7£ ISPD98 £ & FRYSTEE

BT R AR SCREE A RN, R AR SCEE
(Ours) 5 5 Fpih k7 2557529 £ ISPD98
HEH X . MNET B, ELKER
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Table 4 ISPD98 benchmark circuits and the results of the initial stage
EEUE LRI AR T 2 DL
KL LEEZNAN AL bf.nets af.nets Ratio (%)
ibm01 64 x 64 11507 25698 20127 78.32
ibm02 80 x 64 18429 55739 39871 71.53
ibm03 80 x 64 21621 43272 30181 69.75
ibm04 96 x 64 26163 49821 34193 68.63
ibm06 128 x 64 33354 75912 59812 78.79
ibmOQ7 192 x 64 44394 97391 69123 70.97
ibm08 192 x 64 47944 121912 89134 73.11
ibm09 256 x 64 50393 115871 91 268 78.77
ibm10 256 x 64 64 227 169 391 113459 66.98
AVG 72.98
# 5 1E ISPDO7 I i i) ME B AT IR 11 ZR A 25 2R
Table 5 ISPDO7 benchmark circuits and the results of the initial stage
HEE LB AA TR 2R DL
BFR LS 25 %k bf.nets af.nets e3.af.nets Ratio (%) e3.Ratio (%)
11 324 x 324 219794 560406 430376 428 383 76.8 76.44
12 424 x 424 260159 600317 452931 450048 75.45 74.97
13 774X 779 466 295 1093 066 829270 825112 75.87 75.49
14 774X 779 515304 1075147 783478 782257 72.87 72.76
15 465 x 468 867441 1664608 1319629 1307906 79.28 78.57
16 399 x 399 331663 657467 528243 527043 80.35 80.16
17 557 x 463 463213 956 459 743183 738101 7T 77.17
18 973 x 1256 551667 936 162 700 745 699 252 74.85 74.69
AVG 76.65 76.28
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Table 6 The optimization results with the combination of E1 strategy or (and) E2 strategy based on E3 strategy
Bl EO E1+E3 E2+E3 E1+E2+E3
L% TOF TWL TOF TWL TOF TWL TOF TWL
11 85 46.7 68 46.4 0 47.5 0 47
12 75 45.9 49 44.4 0 45.6 0 45
13 44 127.1 27 123.7 0 127.4 0 124.6
14 12 110.8 7 110.2 0 110.7 0 110.1
15 32 130.8 13 127.7 0 129.8 0 126.8
16 2 33.9 1 33.9 0 34 0 33.9
17 0 63.4 0 63 0 64.2 0 63.1
18 3779 80 3226 80.5 3165 81 2762 81.1
Comp. 100 100 67.63 98.91 22.97 100.41 21.64 99.24

A T BRI AR A i R, I AR T
B SEE BRI A 0, REER 7 HoH. BTACHE
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3.4 7£ ISPDO7 E/fEHEE FRINTEL

AT B IR A SO B R, AR S
5 2 Al AR L BT B RO AE ISPDOT B
B BTSN b X SE BRSO Ah A, A
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YEAE T BOM X SOt [11-12] 43 53 B A 23.89 %
F123.90% M OLALROR, HF 512 e Wik 5 i 16
by AR SCE RN DR A A E] 0, B 52
Bl 16 A i . A SO VR AR 26K AR A X SC
ik [11—12] 43 BB 14.70% F1 16.85% 192k K
RS AV 7110 AR <O N Y= K70/ Dt = 14 = 7
%78 RO /D i BORD 26 K SR I R R AL R 1)
ACFEGI X G548, n R X B i 2 A 2
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Table 7 Comparison between our algorithm and five global routing algorithms on ISPD98

i Sk WP (%)

i (3] (5] (2] [4] Ours (3] (5] 2] (4] (6]
ibmO01 63332 64 389 62659 63720 62498 58 564 7.53 9.05 6.54 8.09 6.29
ibm02 168918 171805 171110 170342 169 881 158 383 6.24 7.81 7.44 7.02 6.77
ibm03 146412 146770 146634 147078 146 458 136 313 6.9 7.12 7.04 7.32 6.93
ibm04 167101 169977 167275 170 095 166 452 153190 8.32 9.88 8.42 9.94 7.97
ibm06 277608 278 841 277913 279 566 277696 261606 5.76 6.18 5.87 6.42 5.79
ibm07 366 180 370143 365790 369 340 366 133 341170 6.83 7.83 6.73 7.63 6.82
ibm08 404714 404530 405634 406 349 404976 379684 6.18 6.14 6.4 6.56 6.25
ibm09 413053 414223 413 862 415852 414738 389281 5.76 6.02 5.94 6.39 6.14
ibm10 578795 583 805 590141 585921 579870 541839 6.38 7.19 8.18 7.52 6.56

AVE 6.66 7.47 6.95 7.43 6.61
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Table 8 Comparison between our algorithm and two serial global routing algorithms on ISPD0O7
Bk Wb (%)

Holt (6] (8] Ours (6] (8]

L% TOF TWL TOF TWL TOF TWL TOF TWL TOF TWL
11 0 55.9 0 53.5 0 47 0 15.92 0 12.15
12 0 54 0 51.69 0 45 0 16.67 0 12.94
13 0 134.4 0 130.35 0 124.6 0 7.29 0 4.41
14 0 127.8 0 120.67 0 110.1 0 13.85 0 8.76
15 0 157 0 154.7 0 126.8 0 19.24 0 18.03
16 0 48.6 0 45.99 0 33.9 0 30.25 0 26.29
17 0 78.5 0 74.88 0 63.1 0 19.62 0 15.73
18 31390 94.9 31454 104.28 2762 81.1 91.2 14.54 91.22 22.23

AVE 11.4 17.17 11.4 15.07

#9 FEISPDO7 b5 2 AT BE M S AA SRR [
Table 9 Comparison between our algorithm and two concurrent global routing algorithms on ISPD07
(2NN W (%)

freli3 [11] [12] Ours [11] [12]

FEL% TOF TWL TOF TWL TOF TWL TOF TWL TOF TWL
11 0 52.82 0 54.3 0 47 0 11.02 0 13.44
12 0 51.46 0 52.9 0 45 0 12.55 0 14.93
13 0 128.92 0 131 0 124.6 0 3.35 0 4.89
14 0 119.96 0 124 0 110.1 0 8.22 0 11.21
15 0 153.23 0 155 0 126.8 0 17.25 0 18.19
16 228 45.58 228 47 0 33.9 100 25.63 100 27.87
17 0 74.46 0 77.9 0 63.1 0 15.26 0 19
18 31026 107.22 31484 108.5 2762 81.1 91.1 24.36 91.23 25.25

AVE 23.89 14.7 23.9 16.85
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