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Abstract

In this paper, we propose two timing-driven routing algorithms for single-source net and
multi-source net as applications of 1-Steiner heuristic algorithm. Using the method of substituting
the cost of 1-Steiner heuristic algorithms with interconnection delay, our routing algorithms can
route both single-source net and multi-source net which have all critical source-terminal pairs or
one critical pair efficiently. Our single-source net routing algorithm reduced the average maximum
interconnection delay by up to 2.1 % as compared with previous single-source routing algorithm,
SERT, and 106 % as compared with SERT-C. and Our multi-source net routing algorithm
increased the average maximum interconnection delay by up to 2.7 % as compared with MCMD
A-tree, but outperforms it by up to average 1.4 % when the signal net has only subset of critical
node pairs.
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Iterated 1-Steiner Heuristic Algorithm
Input : A point set P = { py, D2... D}
Output : Rectilinear Steiner Tree of P
S g
while 1-Steiner point x of P exists do
S< SuU{x
Remove degree < 2 steiner points in MST(PUS)
from S
P—<PUS
end while
return MST(P)
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Fig. 1. Iterated 1-Steiner Heuristic Algorithm.
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STD(Single-Source Timing Driven 1-Steiner Algorithm

Input : Single-Source Net P = { pg, p1,.., p» } with Source p,

Output : Minimized Maximum Weighted Delay Tree of Net P

T(P) « MST(P)

while SM 1-Steiner point z of P exists do
) < e U

/+Application of linear MST #/
P

end while
return 7(P)

— P U {z)

12l 4. STD(Single-source Timing driven) 1-Steiner
dae|E

Fig. 4. STD(Single-source Timing driven) 1-Steiner
algorithm.
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MTD(Multi-source
Algorithm

Timing Driven) 1-Steiner

Input : Multi-source Net P = { py, pa,.. by }

Output : Minimized Maximum Weighted Delay Tree of P

T(P) < MST(P)

while MM 1-Steiner point z of P exists do

P P U{z)} /*update P %/
T(P) « MST(P)
end while

return MST(P)

a2 5, MTD(Multi-source Timing Driven) 1-Steiner
dxEE
MTD(Multi-source Timing Driven) 1-Steiner
algorithm.

Fig. 5.
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Table 1. Technology parameter used in Ex-
periment.
Technology c&ggmlc ca(a)ggmlc Me
unit wire resistance (Q/rm) 0311 0.0463 0.002
unit wire capacitance (fF/um) 0014 0.189 0,085
driver resistance (R) 750 210 %
loading capacitance (fF) 0.144 268 1000
chip size lemX1em | lemX1em | 10cm X 10cm
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Table 2. Comparison of single-source net routing results through 0.18m CMOS IC technology. The
net is assumed to have all critical pairs.
Net size 4 8 12 . 16
value ratio value ratio value ratio value ratio
1-Steiner 0.403 100 0.701 100 0.9%9 100 1.158 100
Max A-Tree 0.378 938 0.583 33.9 0.734 74.3 0.859 74.1
Delay SERT 0.367 91.3 0.552 788 0.680 633 0.786 679
(1) BB-SORT 0.366 N9 0537 76.6 - - - -
STD 1-Steiner | 0.367 91.1 0545 718 0659 66.7 0.762 65.8
1-Steiner 1.277 100 2058 100 2.609 100 3.000 100
Tree A-Tree 1.277 100.0 2.131 103.6 2,182 106.6 3.251 1084
Length SERT 1.434 112.3 2.441 1186 3.291 1262 3.781 126.0
(cm) BB-SORT 1419 111.1 2.367 1150 - - - -
STDI1-Steiner 1431 1121 2.392 116.3 3128 1196 3577 1192
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Table 3. Comparison of single-source net routing results through 0.18:m CMOS IC technology. The
net is assumed to have only one critical pair.
. 4 8 12 16
Net size - - : ;
value ratio value ratio value ratio value ratio
1-Steiner 0.332 100 0.611 100 0.752 100 0.834 100
Critical A-Tree 0.311 93.7 0.507 83.1 0.592 78.7 0.665 75.2
Delay SERT-C 0.285 85.8 0.457 74.8 0.558 74.1 0.665 75.2
(ns) SORT-C 0.278 83.8 0.407 66.6 - - -
STD 1-Steiner| 0.281 84.6 0.415 67.9 0.456 60.6 0.505 57.1
1-Steiner 1.261 100 2.089 100 2.565 100 2.975 100
Tree A-Tree 1.261 100.0 2.162 103.5 2.740 106.8 3.215 107.8
Length SERT-C 1.433 113.6 2.324 111.3 2.785 108.6 3.221 108.1
(cm) SORT-C 1.474 116.5 2.433 116.5 - - -
STD 1-Steiner | 1.491 118.2 2470 118.3 2.990 116.6 3.430 115.1
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Table 4. Comparison of single-source net routing results through MCM technology. The net is
assumed to have all critical pairs.
. 4 8 12 16
Net size value ratio value ratio value ratio value ratio
1-Steiner 1.679 100 3.491 100 5.324 100 6.344 100
Max A-Tree 1.566 93.3 2.837 82.7 3589 67.4 4311 63.0
Delay SERT 1.439 &.7 2.460 705 3.036 57.0 3574 56.3
(ns) BB-SORT 1.416 4.3 2.284 60.4 - - - -
STD 1-Steiner 1.435 &5 2413 69.1 2.939 55.2 3413 53.8
1-Steiner 13.047 100 20550 100 25901 100 30.642 100
Tree A-Tree 13.047 100.0 21.256 103.4 271716 107.0 33.008 107.7
Length SERT 17.232 132.1 36.952 1798 54.261 2005 | 71.793 234.3
(em) BB-SORT 17.442 1337 30.813 1499 - - - -
STD 1-steiner | 16615 1274 27.268 1327 33593 1297 39.128 1277
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Table 5. Comparison of single-source net routing results through MCM technology. The net is
assumed to have only one critical pair.
. 4 8 12 16
Net size ; 5 - -
value ratio value ratio value ratio value ratio
1-Steiner 1.606 100 2.730 100 3.352 100 4.597 100
Critical A-Tree 1.439 89.6 2.232 81.8 2.493 74.4 3.123 67.9
Delay SERT-C 1.135 70.6 1.652 60.5 1.776 53.0 2.149 46.7
(ns) SORT-C 1.118 69.6 1.397 51.2 - - - -
STD 1-Steiner| 1.134 70.6 1.461 53.5 1.575 47.0 1.937 42.1
1-Steiner 13.691 100 20.692 100 25.813 100 30.771 100
Tree A-Tree 13.691 | 100.00 | 21.600 104.4 27501 | 1065 | 33.137 | 1077
Length SERT-C 17354 | 1268 | 25.045 121.0 30509 | 1182 | 36192 | 1176
(cm) SORT-C 17763 | 1297 | 25984 125.6 - - - -
STD 1-Steiner| 17.630 | 1288 | 25777 124.6 30,796 | 1193 | 36.496 | 1186
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Table 6. Comparison of MTD 1-Steiner algorithm with MCMD A-Tree algorithm through 0.5um

CMOS IC technology parameter.

(261)

Net Size Algorithm Max Average Average All Tree Length
Delay Max Delay Delay
MCMD A-Tree 98.9 98.8 99.1 100
‘ MTD 1-Steiner 98.6 99.5 99.9 100
g MCMD A-Tree 94.1 98.1 97.5 100.2
MTD 1-Steiner 94.6 97.9 99.6 1015
6 MCMD A-Tree 86.3 93.6 96.6 104.6
MTD 1-Steiner 89.6 95.4 99.8 103.6
unit © %
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Table 7. Comparison of MTD 1-Steiner algorithm with MCMD A-Tree algorithm through MCM

technology parameter.

Net Size Algoritm Max Average Average Al Tree Length
Delay Max Delay Delay
MCMD A-Tree 9.5 9.3 100 100
! MTD 1-Steiner 97 96 100 100
MCMD A-Tree 872 26 100.3 96
; MTD 1-Steiner 9.1 917 100.3 101.7
MCMD A-Tree 789 385 9%.8 1044
16 MTD 1-Steiner 3.7 91.7 98.2 1046
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Table 8. Clomparison of MTD 1-Steiner algorithm with MCMD A-Tree algorithm when net has a
subset of critical pairs.
C:r%gal Algorithm Do M pEe Aveage All | Tree Length
1 MCMD A-Tree 35.8 35.3 35.3 97.3
MTD 1-Steiner 88.4 88.4 88.4 103.1
9 MCMD A-Tree 9B.1 99.3 98.6 99.6
MTD 1-Steiner 90.0 92.1 954 103.7
MCMD A-Tree 96.3 100 100 99.7
3 MTD 1-Steiner 93.3 97.2 97.2 103
MCMD A-Tree 94.0 1015 100.7 995
10 MTD 1-Steiner 93.7 99.2 99.4 102.1
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