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A Field-Programmable Gate-Array System
for Evolutionary Computation
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In evolutionary computation, evolutionary operations are applied to a large number of in-
dividuals (genes) repeatedly. The computation can be pipelined (evolutionary operators) and
parallelized (a large number of individuals) by dedicated hardwares, and we can expect high
performance. However, details of the operations depend on given problems and vary consid-
erably. Systems with Field Programmable Gate Arrays can be reconfigured and realize the
most suitable circuits for given problems. In this paper, we show that a hardware system with
2 FPGAs and SRAMs can achieve 80~130 times of speedup compared with a workstation
(200 MHz) in some evolutionary computation problems.
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Fig.2 Pipeline processing of genetic algorithm.
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Table 1 Speedup: All 1 problem.
BT VT ) X LREONTE (32 BEF)
Work Station* FATHEM (sec) pidiialid

Irand48() 52.0 0.059
M A5 19.8 0.156
random() 12.8 0.241
HRFERE 3.08 1.00
FPGA System**  0.0250 123
EF AR 5D
Work Station* 1.12 1.00
FPGA System** 0.0212 52.8

* SUN Ultra-Sparc 200 MHz
** 33 MHz
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ga()
{
for (g = 0; g < G; g+t) {
/% BX (—HER) */
for (i = 0; i < N; i+=2) /+ BETH N »/
for (j = RANDQ) % K; j < K; j++) /+ #EFER K »/
SWAP_char(gene[i][j1, gene[i+11[j1);

/% G AT THELT) +/

/% BRER & Ml & BRILEER GLEER) +/
for (i = 0; i < N; i++) {
for (perfli]l =0, j =0; j <K; j++) {
if (RAND() < MUTATION_RATE)
gene[il[j] = !gene[il[j1; /» RAKR +/
perf[i] += gene[il[jl; /+ FHIfEMEIE +/
}
rand_tbl[i] = RANDQ) % N; /+ BRIFULIEER »/
}

/% B (b —F A7 FBEFD #/
for (i = 0; i < N; i++) {
a = rand_tbl[il;
b= (i < N-1)?7 rand_tbl[i+1]: rand_tbl[0];
x = (perf[a] > perf[b])? a: b;
for (j = 0; j <X; j+
ngene[il[j] = genelx][j];
}

/% BAY Y OKH %/
for (i = 0; i < N; i++)
SWAP_char_p(gene[il, ngene[il);

B3 AllMEOV I I =TT HITYXL
Fig.3 A software algorithm for All 1 problem.
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Table 2 Speedup: knapsack problem.

RO FEATREH (sec) frdidsd
Work Station* 1.29 1.00
FPGA System**  0.00950 136

AR 53D &

Work Station* 0.36 1.00
FPGA System**  0.00865 41.6
* SUN Ultra-Sparc 200 MHz & A RFEEE

** 33 MHz
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Table 3 Process timing: graph partitioning problem.

FPGA-B-In  Memory-W FPGA-B
t0 Na* & Nb'*
t1 Ci
t2 Read Sa
t3 Read Sb Update Se
t4 Nc'* & Nd* Write Sa Update Sb
t5 Cj Write Sb
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8 Na & N Write Sc Update Sd
t9 Write Sd
t10 Read Na
tll Read Nc¢ Update Sa
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Table 4 Speedup: graph partitioing problem.

EROIE FATHE (sec) HEEL
Work Station* 2.13 1.00
FPGA System**  0.0261 81.6

APAMli#R 5 A
Work Station* 1.24 1.00
FPGA System**  0.0261 47.5

* SUN Ultra-Sparc 200 MHz & &AL

** 33 MHz
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Table 5 Payoff matrix: iterated prisoner’s dilemma.
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C D
player-1 C 3/3 0/5
D 5/0 1/1
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Match Table
Match Table

Table(32) Length(3) Score(24)
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Table(32) Length(3) Score(24)
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Fig.6 Pipeline processing of IPD problem.
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Table 6 Speedup: iterated prisoner’s dilemma.

FEITHER (msec) HBEL

Work Station* 7.23 1.00
FPGA System**  0.0675 107
* SUN Ultra-Sparc 200 MHz & &Rk
** 33MHz
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hist_a = 0; hist_b = 0; /% FEEDOBEDFOR
BE */
for (i = 0; i < N; i++) {

an = a = tbl_alhist_al;

bn = b = tbl_b[hist_b];

if (RAND() < ERROR_RATE) an = la;
K %/

if (RAND() < ERROR_RATE) bn = !b; /* @B L5 — D%
£ x/

/% RFEOPE +/
/¥ RFORFE */
/¥ BEL I -OR

sum_a += score_table[a] [bn]; /% SREDFTE */
sum_b += score_table[b] [an]; /% FMEOTE »/
/% [REEDEL «/

hist_a = ((hist_a<<2) | (a<<1) | bn) & Oxif;
hist_b = ((hist_b<<2) | (b<<1) | an) & Ox1f;

® 7 IPD OFfiEOT 1T T A
Fig.7 A program for IPD evaluation.
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