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Acceleration Techniques for Cycle-Based Logic Simulation

X & AN B o™
(Young-Ho Park - Eun-Sei Park)

Abstract - With increasing complexity of digital logic circuits, fast and accurate verification of functional behaviour
becomes most critical bottleneck in meeting time-to-market requirement. This paper presents several techniques for
accelerating a cycle-based logic simulation. The acceleration techniques include parallel pattern logic evaluation, circuit
size reduction, and the partition of feedback loops in sequential circuits. Among all, the circuit size reduction plays a
critical role in maximizing logic simulation speedup by reducing 50% of entire circuit nodes on the average. These
techniques are incorporated into a levelized table-driven logic simulation system rather than a compiled-code simulation
algorithm. Finally, experimental results are given to demonstrate the effectiveness of the proposed acceleration techniques.
Experimental results show more than 27 times performance improvement over single pattern levelized logic simulation.
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Table 1 Experimental results of circuit size reduction
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C2670( 2096 454 272 321 1049 50.0
C3540| 2320 579 223 490 1028 443
C5315] 3414 806 313 581 1714 50.2
C6288| 3936 | 1456 0 32 1448 36.8
C7552| 5128 | 1300 | 535 876 2417 471
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Table 2 Comparisons of simulation CPU time for each
acceleration technique

Speedup
A¥l | 482 ) 4¥3 ] 284 AP/
c2670} 24145 | 36.88 | 1683 | 9.03 26.7
c3540% 251.30 | 43.93 | 2005 | 1020 246
c5315] 461.17 | 104.67 | 51.13 | 2952 156
c6288% 450.32 | 12667 | 59.05 | 37.83 119
c7552 § 682.15 | 197.87 | 99.22 | 53.68 127
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Function Gate_Partition(gate( ], start gate address)
max_partA = 1 , max_partB = 1;
initialize All PI's part to A(0) ;

while ( Depth First Search )
{
if (gatelinput] is already visited) then
gatelinput].part = B(max_partB++);
if (gate[current] is already visited &&
gatelcurrent].part==B(i)) then
gate(current].feed_end = TRUE;
if (all gatelinput].part is same) then
gate[current].part = gate[input_gate].part;
else {
switch ( input gate partition type)
case A(i) meet A(j) (i*))
gate[current].part = A(max_partA++),
case A(i) meet B(j)
if ( find a part_B(j) in fanout gate ) then
gate[current].part = B(j) ;
else gatelcurrent].part = A(max_partA++) ;
case A(i) meet [B(j) &&
(gatelcurrent].feed_end==TRUE)]
gate[current).part = A(max_partA++);
case B(i) meet B(j) (i¥j)
if (find a part_B(i) and part_B(j) in fanouts) then
gate[current).part = B(max_partB++);
convert partition B(i) and B(j) to B(max_partB);
else if (find a part_B(i) in fanout gate) then
gate[current].part = B(@);
else if (find a part_B(j) in fanout gate) then
gatef{current].part = BG);
else if (can not found both part_B(i) and partB(j)
in fanout gate) then
gate[current].part = A(max_partA++);
case : B(i) meet [B(j) &&
(gatel[current] feed_end==TRUE))
if (find a part_B(i) in fanout gate) then
gate[current].part = B();
else gate[current].part = A(maxpartA++);
case : [B(i) && (gate[current].feed_end==TRUE)]
meet [B2 && ( gate[current].feed_end==TRUE)]
gate[current].part = A(maxpartA++);
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Table 3 Comparisons of simulation speed using proposed
partitioning algorithm

A

circuit

Aol ES SCCs | Paris | A% | speedup
5298 142 12 1.14 0.96 15 %
s344 195 6 1.36 1.27 6 %
s349 196 6 1.36 1.25 8 %
s382 188 6 1.23 1.12 8 %
5420 253 16 0.93 0.89 4 9%
s444 211 6 125 1.10 12 %
526 223 15 141 1.22 13 %
s1423 753 6 451 413 8 %
35932 | 18148 18 134.35 106.76 20 %
4. d &

Alel € 7|Wt AlgdHelA 1ER2 A% € F7 =29
=8 AFE A vl WE NEH|A WHE AFUT
€ =RdME oldF o] 7w A EHO|AAMY A%
A& A8A 48 7HA 153 ZIHE AAEAR, 43
7t&8 Z1HEE AMEE FEY ZE TN & =84

B2 A3 A AAE Jt&3 71y Ee] CBS &% B4 AA7) ULE

Bt B8], & =Fdas AU G o] 8¢ Ato]E 7yt
AgHold ZigT AP Ty £X Fdd g% NE
ol £x & YHANIE Wl N dIsigd. g
2 ASHM drHoAel ¥ Age A4 1FAH AZAA
EAse uF 88 494 A xAHA A EH|A 7Y
o} JAgeld. 713 el tAeze 4 E¥€Y F%t
Mg %3 #A (harmonically related)?t = B$o|™ ol
Z g9 Fr19 Hdglol G Alo|E & JEo2 A
EdolAe] siEditt %, WAE vEee AHeo AN F
7t¥eja]7] o] vimE A&FoZ AEIE AEH)
A 7199 Agel 27dEY

U 2
£ A7 1009 SYHHT RUATH AL 2o of
$o17 Astoln Agel A=Y

#3nes

[1] N. Murgai and M. Fujita, “Some Recent Advances in
Software and Hardware Logic Simulation”, Int. Conf.
VLSI design, pp.232-238, Jan. 1997.

(2] Z. Barzilai, L. Carter, B. Rosen, and J. Rutledge ,
“HSS: A high-speed simulator”, IEEE Transactions on
Computer Aided Design, vol. CAD-6, NO. 4,
pp.601-617, July. 1987,

[31 N. Gouders and R. Kaibel, “PARIS: A parallel pattemn
fault simulator for synchronous sequential circuits”,
Proc. International Conference on Computer-Aided

49



BRPWIEEE S0D% 118 20015 18

Design, pp. 542-545, Nov. 1991.

[4) Z. Wang and P. M. Maurer, “LECSIM: A Levelized
Event-Driven Compiled Logic Simulator”, ACM/IEEE
Proc. Design Automation Conf., pp. 491-496. 1990.

[5] P. McGeer, “.Fast Discrete Function Evaluation using
Decision Diagrams”, IEEE Int. Conf. on
Computer-aided Design, pp.402-407, 1995.

[6] P. Ashar and S. Malik, “Fast Functional Simulation
Using Branching Programs”, IEEE Int. Conf. on
Computer-aided Design, pp.408-412, 1995.

[71 C. J. DeVane, “Efficient Circuit Partitioning to Extend

Cycle simulation Beyond Synchronous Circuits”,
IEEE/ACM Proc. International Conference on
Computer-Aided Design, pp. 154-161, Nov 1997.

[8] F. Brglez and H. Fujiwara, “A Neutral Netlist of 10
Combinational Benchmark Circuits and a Target
Translator in Fortran,” Proc. IEEE Int. Symp. Circuits
Syst., 1985.

[9] F. Brglez, D. Bryan, and K. Kozminski, “Combinational
profiles of sequential benchmark circuits”, Proc. IEEE
Int. Symp. Circuits and Systems, 1989, pp.1929-1934.

g & 5 ( % )

1985 diA4dd AAANYGH 4
19833~ 4 FFAAFTAATY/nEA
FNEQATH/AN2DFRY/AY7<8. &
A&l 1 CAD, AFHUEHA

E-mail : yhpark@etri.re kr

50

a2 M (Rt B )

1957\ 11€9 119 A 19809 A &d A7)

T3 £ 198249 FFAEVIEY A

RAAFET E2AHAD. 1989 mlF ¥

At2FEd AZIRAFEETEHE EAEF
B, 1982'd-1995d F=AAFAATY A

ddT4. 19899-1990d v F dEIHY2AL 7 4E. 1990-

191 v F REEEA} A4, 1995d-20008 #ed Ha

. @A (F)Eta2E B}

Tel : 02-522-9097, Fax: 02-522-9020

E-mail : espark@veratest.com



