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Methodology of realizing FPGA for improved parallel genetic algorithm

ZHANG Nina, DOU Heng
(School of Electronic Engineering, UESTC, Chengdu Sichuan 610054, China)

Abstract: To enhance the operation speed and utilize the resource, according to the idea of hardware
parallel method, one traditional implementation of genetic algorithms is improved by separating controlling
part into other components and using Field Programmable Gate Array(FPGA) to realize control in
pipelining mode. The result of synthesis shows its frequency can reach 137.08 MHz for evolution of a
generation needing 64 cycles(namely 0.467 ps). With optimized hardware resources and high efficiency,
the realized structure demonstrates the possibility of large-scale and high-speed hardware realization of
genetic algorithms.

Key words: genetic algorithms; hardware parallel; Field Programmable Gate Array; evolution

AL FL RERE AL B SR PO 25 TR A AR Ar AR i AR, SR I R AR, BT TS A A A 2 Y N
F, WMEURALFE . [N RS B RG . AT M4SN RO, L S R Y i Sk i
WA AR . HAT, AMTRERRITEAE 9 BE AL 500k, X6 A 3005 19 S B2 BT R plaa A7 8 B i iy, 7
S SR R 9 375 9 LT B2 B BRI, DR IR T B S B A kAR A o e B OB —ARBL g T G ARE E TT
FI(FPGA)YIY B, (et A4 30k O R PR S B AS 9 BR S, HEIN 5 i . ASSCR A Verilog B =, B3 7 —F
5T FPGA WAL RS0, JF4r 51R Fl Modelsim #1 Quartus 1D 3 347 T D B8 0 B AZE G )5 BT 05
D7 FLA R EAIE 7RO IESE, JF R RSAR T iz B ], 8L G r0 82 3 FPGA SEBTERCR A B It .

population
1 EE 14: ':g: Em *E% ilk initiallization
B 10 1 R 5 — A (R T % T AR AT K 5 adaptation
VAR AR BEOE L R RAC L A R S o T I AR A R X e l
AW B AL A R R REALL O N A IS N R SR T R BT AR R T W [ ]
B BRI S5 o
B g5 7B R AT R, T LAE A AL R A B ¥
PRIAA AL | T O B2 VAl AN A2 A (B . S AR S)3 Ay, Hohik e
CESNE & 1SR P S = BR3¢ S L% 3 W OB TU) A A
-variation

HE R S0 SURNIE SBRAE B BT 7 2 260 T 0K S AR . LA IR AT
Fig.1 Flow chart of analyzing genetic algorithm

I W L Ry R

KR EE: 2011-02-25; fEEBHA: 2011-06-21
E®WH: HEARRAEATHIIH(61001032/F010501)



108 £ B E5E B FIE 510 %

o ARl 5 T A PRS2 B
— M T FPGA (138 4% 5 1 SEBLHR

BT — A 5 R ok P 98] e A Bk SE | rRami RAM2 - 2
(19 4 AN BB 32 FE IR 2 TR . 8 3 ol K
AT RO L 170, A 45 B85 B e 45 A e
RS S T A AR TR, & — — pe——
T AV 4 BEHOF R A 19 5RO 3077 e [ ision] | cuion
e A e TR, AR REVEAT A SRR AR
DR I A 38 3k 1 S S ) 3 He B L R I
file 5 g R O 52 B O e AS IR T4 2 B — T multiovay
T LB 0 BEBAE 55 43 O ) 0 B R (i e IR e
5 U 43 A e o R 3 L 4 MR 7 7k 42 b -
R, i 45 A R I AT, WK T
ﬁ H/‘J ﬂ: ’ﬂﬁ:@ E HI q& ﬁig E © Fig.2 Conventional realization of genetic algorithms
1 3 4 10 451 D RE B B B i I £ [ B 1 2 (55500 1 B SR
T, SRR LA, 2 A P It — —
FFARATEEFE . SR, b — A o 00 B i g [oven ] EE%Q
iz WA 5 A RAT S UM 5, AR e 2% v '
i th 3 T RATE 0 50 0 S B 5 o $$i smtivayadire] [ sdtaion
BT oA, KK MBI IA BB | 2 Ak et = e el
PRI, BEBLRGS . S USRI % L = -
St B /R B S N BE T R RAM read-address
171t 28 A5 B RN Bl AL 52 b ik & A= R B VR Fig.3 Improved genetic algorithm diagram
WIMIH RSB AT, T T Y 13 Sl eSS A

B, JF AT S R EESERN A . SRR NT.
1.1 #MigEs

HENE S AR, ARBHIT UG TAE, 2 P8 o mdo e sh g i AR o B I B BEAL ™ A= 2 DMK, B
)2 96 A7 (8 A TR IR P L 22 B 0 AR B PRI AR AL AR 3 AN R, IXRE Y G R PR I 21 2 I R R 4 R B S L S
BBy — ARG, PO 1 RO N AF AR T, T O e PR 2 A AR A 1 AN s 2 ik
PR AR, IR Ik 2 U SRR

1.2 BEHLEELR

2 A BEMLECRE T 7= 2 0 BE LK L 45 55 4 2 A REH il F o — AN HE 3¢ SUAE S e BT B R 1 TR 1 A8 SR
SR R, FREALEOR Yo 2 B E AT 38 Ll AR A, DL AR RS LU AR A7 58 SURAE 575 55 — B LB He =
A= K R 7 AR B AL A 2 ik, BP LR R R AR IR B o X 2 D BIH RS BT B B E S 2 D BEHLEL AL AE FPGA
N £ I 5 7 v %5 17 %% (Linear Feedback Shift Registers, LFSR)ZEH) SEI Y BEALE & A= 2% o X Fl 7 i AL 4
FYfRT B, By T SCBL, i LT AL B O BE ML 5 LA RO, R ML 1 A e 8

1.3 TXTHREL

BB BR R AR 2] 1 Xk A S B 0 AN A, WS E ok B BEALRLER A Y 2 ASBENLEL, — AR A E 2
AT A 5 T — kP B AT A S A . 2 1 ANBEVLEN T3 SUHER, URKE 2 -0k A sk PR B A4S
4% B 2 1 28 SR T2 S0, IR FEARAS . FEHE 5 — BN, &/ TR R, WK b — eSS R iR
EN U, BWLAFEAAS . X BB AR R 0.875, AR K 0.073, RIBEHLEL 1 /hT 8'b11100000 W #1758
X, BEHLEL 2 /T 8'b00010010 N #4748 Fe A .

1.4 SEFEHEH
2B, ThfE— R AL TR BLAE AR T YA B A R L E O BE A, BB AR e A A I b AR



551 1] SRR IREE : H 1T B =R E EH FPGA BiEELM A % 109

At BT O 2 AN R R B R RIS, 3 O NI R BE B A XA A S B S BRI A
R A ER =T A, B R L B AL

1.5 % Bk /i ik & A R

RGN IEAWIRACTER T By, 2 BEEFEaS M bk A R BIH, BRI AR AR, R B IR B ORI,
P SR e o [l A A I B 7 2R 2 A ik LR A AR

1.6 &R E It EELR

AR AR B 5 OGS A 1A 19 3 RO B A7 G T 5 JX LT R pR B O £ (%) = > X,” O 26 UK K 17 bit,
o T A B L Genast e Sk S Bt Ak, TRt 2 % g B T U;&ﬂﬁﬁmﬂg%ﬁjﬁ@%&o
1.7 FHERR

P T AFAE AR S TS AR, A e ] ) 655 AR A 2 AR B Gl o B

2 ESZA%H

lxﬁ‘LﬁH Altera it Statix I[:t5 F, XM Quartus [l #1745 4, K Modelsim #ETIR BT H . 1 ENSHOXE
Hp BAUERECH 324, BAES A 2 AR, BHBEARERKE R 8 bit ZiFHIRS, EIMAKEE N 16 bit

(4 Db A o 3 R e AR Hljyf(x)-Zx TN R MU BE A 17 bit,

n

1 1 ] ] L
fea_top_tb/maxfit|11111010000010) T T T1110111000101001 [11111001000011101 1111101000001101

iii;;"p—tb/ma“h' LRRRRRRRRRRRIUE! Bl 1111110011111011 | TII1100111110]1 HTT00TTITI0T
1 1

/ea_top_tb/gen 000110 000001 | [ Jjoonom Jj000011| 000100 ' '1'000101
P Tl M o e ko o s
Fig.4 Simulated evolution-waveform
& 4 HEALBIBAT A
& 4 LA, 8 3 RRJE MR R & B 1111111011111011, 255 4 (R EHeE, Rt MR 46
FaE iR E) 1111111111111011, RE A SRR, 538 SUMAR 31 BARBRAVEA ¢, MR AR O 238 AR ik
S, A WERMMEEA —EER, SEFEHE - LMRBENELZNAS S, G6F, REFEMGEAELNT .

Flow Status Successful-Mon Nov 29 21:32:13 2010
Quartus IT Version 9.0 Build 132 02/25/2009 SJ Full Version
Revision Name ea_top

Top-level entity name ea_top

Family Stratix II

Met timing requirements Yes

Logic utilization 42%

Combinational ALUTSs 2,812/12,480(23%)

Dedicated logic registers 2,557/12,480(20%)

Total registers 2557

Total pins 41/343(12%)

Total virtual pins 0

Total block memory bits 0/419,328(0%)

DSP block 9-bit elements 4/96(4%)

Total PLLs 0/6(0%)

Total DLLs 0/2(0%)

Device EP2S15F484C3

Timing Models Final
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