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GPU Parallel Acceleration Framework for Heuristic Optimization Algorithm

Abstract

Abstract: Heuristic optimization algorithm are a type of algorithm that uses large-scale populations for
iterative calculations and are widely used to solve all kinds of complex optimization problems. However,
such algorithm have the disadvantages of large calculation and long time consumption. To solve this
problem, heuristic optimization algorithms are parallelized using GPU and compute unified device
architecture (CUDA) to substantially improve computational efficiency. A GPU parallel framework for
heuristic optimization algorithm is proposed, which designs an information interaction framework and
algorithm parallel optimization strategy with a parallel logical structure, and solves the problem of the
dissimilarity of the logical structure of information interaction in series and parallel, this framework can
parallelize various heuristic optimization algorithms with generality and efficiency. In order to verify the
effectiveness of this framework, flve common heuristic optimization algorithms are parallelized by using
the parallel framework, and the comparison results of GPU parallel computation and CPU serial
computation under different multiple test functions are given. in which DE, HHO, GWO, and WOA reach the
acceleration ratio of 179.1, 178.6, 74.3 and 358.2 times respectively when the population dimension is
5000, while ensuring the accuracy of the results, which verifies the high effectiveness and practicability of
the designed parallel framework.
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Abstract: Heuristic optimization algorithm are a type of algorithm that uses large-scale populations
for iterative calculations and are widely used to solve all kinds of complex optimization problems.
However, such algorithm have the disadvantages of large calculation and long time consumption. To
solve this problem, heuristic optimization algorithms are parallelized using GPU and compute unified
device architecture (CUDA) to substantially improve computational efficiency. A GPU parallel
framework for heuristic optimization algorithm is proposed, which designs an information
interaction framework and algorithm parallel optimization strategy with a parallel logical structure,
and solves the problem of the dissimilarity of the logical structure of information interaction in series
and parallel, this framework can parallelize various heuristic optimization algorithms with
generality and efficiency. In order to verify the effectiveness of this framework, five common
heuristic optimization algorithms are parallelized by using the parallel framework, and the
comparison results of GPU parallel computation and CPU serial computation under different multiple
test functions are given. in which DE, HHO, GWO, and WOA reach the acceleration ratio of 179.1,
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178.6, 74.3 and 358.2 times respectively when the population dimension is 5000, while ensuring the

accuracy of the results, which verifies the high effectiveness and practicability of the designed

parallel framework.
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128 M F N AF S 55 SE 8. an SR — A~ warp Vi 1]
AELWNAE, 2 B IR 5 B 50 T 80
iR B o LN AR S R 32 AN RIFE RN N AR
R, S R —A> warp, 35 P AF B R hE AR S
TEA R, W15 warp U o] [7] — /M E AR I 22
RAEFAERMR, BT IR % . K, RA42
JRy A B0 55 07 I B R N AR ph R ) 45
X, DU R Il .

(4) ZAEA b warp FEPAT 15 A1) FE T 1 43
SO, R HAT 24 AT 48 4 1) Thread 75 22 45 £ HAh
Thread 588484 AR5 SCER) . TG
WRETT, HRORD XM ATIHZE, REFFATRCEE.

(5) FEIB KGR Fi& 2 118 73 N AR HE 4 4EIR DA
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IR AR TH BB TR HE AR S5 Ay o R 2R IR
J5£ 25 1 0% U 52 HoAth warp #4047 AR, PRUETH S BRE
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Thread, JyiEiR R4 it oo Z oA, KilEIRTHE
R EHE,
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warp 1245 Thread NG EL. KL, EHIh WK
Block K /Nl B TE A 32 I8, e KT FE A
IR
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3.3 TRIRIE KB

MFO B A — & Bkt 5 48 2 el N 2= 5
e 1, Rk S R B IR, A ik
KIS GeIE AT BT KA. MFOFIEEZ (8145 4%
SR AR AR, AT IR A T #S Block.

(1) & KA

TR S PR RS B K G, KIEEEN

mzrmmdbr—;(n—D) )

Ao THERKERRE . B HKIEEE R
W2 AT R I K MG REAT S50 AT .

KK I T R R Y S O, (R AR
it AR KIS BRI 2 R 1 Rk

(2) GeJe AT

RS dE HE ie AT, AH R A7 B R A
B2 W)

X, (t+)=d-e" - cos(2nc)+x,(t) 9)
o d R RREKIARIIEE ;s b e SO HUR e
TEIRBIHEE ce[-1, 1IABAENE. ka5 &
A5 B ORI, AEEAMAIFAT SR .

(3) BEHTKIA

RIRG G YAT G 2 BRI B, #3hEr
RIS m A JEE N, & R R A m
ML BN E K IAAE .

SEE K i AR 0048 B A BIFATHESESEEL.
R fE e 2 v 00 R ok raE, D, FR TR
P AR SR RS B DU ), A A e
HERF FIEFR S 1 HE e H s & R

3.4 fREHEE

WOA HZ e iR, 2R, Hikte
T BEALE S DL A e I A 3 AN 3R
0% . WOA FhfF 2 IA) 48 O It 8058, TFREZ A
Block 247 HAT ik .

(1) £ FE A4

A S VR AE A I T R B, e DI PR e Sk i
R B AEDALE, XFIGAT NS GWOLEE

FARA, R RIS GPU JFAT i HESE

Vol. 36 No. 8
Aug. 2024

S, R s 220 A [

AL A 5 R N B R R EE R, T
i, A B TR AA AT B SIS A SRR 1S B A
FATHELL .

(2) BEHLIE

AL | A | P sE e Sk ik AT B B AL 2 BE AL
T H|A| = VR HATHENE S, 44| <1 BT
FLEEY), BEHAE SR AN

D=|C-x,~x,00)|

x,(t+1)=x,—A4-D
s oo, A AT o AT Sk it R B 1)

BEALAE T R 7 12 F BRI A 1S B E
FATHESE .

(3) MR A il &

JAE Sk i o] 32 R e 2R SV SR IR A ) S R A
GO E . GEEY . BENIE R S AT IR 4
BT AR, ZAT NI AN

x,(t+ D)= |x,~x,()| -e" - cos 2ne)+x, (1)

WeABA5 B A3 . W e 0 I 4 3 78 ANk 1] 7
BMHAT . MEERIEEHGE R )G, FMEEEH
WEAJHNAE, DMRIERENE T R A Ser .

3.5 g B Bk

HHO YK SGH . HRAE 0, A REPOE Bk
R BRI A RS TR B, i
P B LA S TT R B BE . HHO FhEE 2 7] a4 g
7555, ik, AHIFREZA Block BT HATINE

(1) R B

N BT E PR IR IS, oy W SR -
x,~2xq,-x,(0)], =05

(10)

x+h= "I

(X, =X (D)= ¢, -(x,+ 4, (x,—x,)), ¢<0.5

(12)

e x  NEELABERFHME: ¢, 5, 8 1xn

YERIRENLIA B B — 2R SRR A2 25 5 BN L MR TR B

hike, B KRG ATE ) 5B B & P AL E

7S B LR N BEBLAE o B, AR ORI A R
frE .

http: // www.china-simulation.com

* 1937

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 8, Art. 16

536 B2 8
2024 48 H

R BAE AT S AR 2 5lis -5 ME . AR DA
R FRHER A A5 B2 BIHFATHESS, $9ME 5HE K
WUSTE R IF AR AT SE i, FhEFVR & WD RN
Bestil. MERMBINGE B EERRESEERITN
PR T Thread 1 &, 70032 mFR 7 IAT

(2) iR B

Ny BT T AR A A I R S B R AT O, A
VI RE AR A e SUN

E=2E,(1-14T) (13)
X ECNEMIMYIGREROIR A, Bk R IE
-1, QXA N BEHL A | E| =1 EAFE R EL,
|E| < 1 HEATFRI B

T BEAN VA A FH 25 A7 28 A7 RE EORAS, SEE
DAL E N SUN

(3) R BL

FRIEAE Yy e AT Sy, s LT AL T 4
RGERME . W r NIEBLER, J2[0, YN IIBENLEL,
r<0.5 % LR AT, ez I B R

WET: r>053FH]E| =050, 5 5 b4
FAE ) ISR AN, AT IR N

x,(t+ )=x,~x,()~E- |J-x,—x,(0)| (14)

J=2x(1-rand (0, 1)) (15)
e TSI BEALEEER SR

FEFET: r>053F H|E| <050, 15 5 /e
TV IEET JETTF I8, AT RN

x,(t+ )=x,~E- | x,~x,0)]| (16)

e MR PR 2 < 0.5 B E]=0.50F,
AEVIRe R I RS IR IR S 1, 0 B AT
JUR PR DL B A IEAL S, 17 b A

Y, fX)<f(x; (@)

D2 i @<s o) (7
Y=x,—-E-|J-x,~x,(0)| (18)
N U ]

Z-Y+S-L (19)

Rofe £ NFMEIE S R EG S NTE(, 1)
B SERIBERLI S, LB ARATF

RGN AR

Journal of System Simulation

Vol. 36 No. 8
Aug. 2024

L=001x 2% (20)

1

||
A go RA0, WNWIBENLIME; A NERINEEL,
BEEILS, o EARW T :

F(1+/1)-sin<n2/1) A

o= 1+ L @

4:2y»zz

o a3k PR A AR R e < 0.5 H|E| < 0.5 B,
A RS RE R R, i LB T A R SR
AR B SR BE RS, AT IR
Y. f¥)</(x;@)
Z, [(Z)<f(x;)

Y=x,—E-|J x,~x, (0] (23)

Z 1T 555 R AT v A T

TER B BB AL AT —Fh R 225G, ¥ K
WAl 5 ¥ E AR A R BEAT CA% 8 AR M,
Rk, o B o] SEE AN AR B 3, SR 4G R
Je B AR RE (S B R D & 4 R N A7 R IE BdE m A i
HEAT
4 FITELREZERS

4.1 L&

K5 AR T F ) GPU % % Ay Turing 42 ¥4
NVIDIA GeForce MX450 &, HA2GB BARE
&, I KEERE% N 1.58 GHz, B 14> SM,
3£896 I~ CUDA #%:L»,  F:4> SM 3L = N A7 IR AT
64 KB. fEEAFIRA T, %% CUDA WA A
11.4, {5 A1 7.5, CPU 2 Intel i5-1135G7, M
BT Ny 2.42 GHz, H A5 16 GB 3200 MHz F: 17 .
AR SCSEI A R AT AR 2 AE CPU @i CARRG SR,
HATFEFE GPU gt C-CUDA QRS SEHH

4.2 MR R

SEAG4 H 6 NI R B 0 i~ S, RO
b, xR MRS, ~ R R
7N, PR H N BUE R TR A [-100, 1007

x,(t+1)= (22)

http: // www.china-simulation.com

* 1938 ¢

https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/16
DOI: 10.16182/j.issn1004731x.joss.23-0780

10



Wang et al.: GPU Parallel Acceleration Framework for Heuristic Optimization Al

o536 B 8 I Vol. 36 No. 8
2024 4% 8 J1 FRA, % | R ALK GPU FRAT Mg AE 42 Aug. 2024
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Table 1 Test function with many local minima
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n/—]
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n—1 n;
fi(x)= :%10 x sin® (my, )+ 2 (¥,— 1)? {1 +10 x sin® (W, )}+(yn,— )+ Zu(xj, 10,100,4)
Jj= Jj=
1 yi=1+U/4-(x;+ 1) 0
k-(x—a)", x>a
u(x,a,k,m)=30, -—a<x<a
k-(x—a)", x<-a
,,/,1 n
fs fs (x):O.l{sin2 GBmx, )+ Z (x;— 1)*{1 +sin? (QBmx; )}+(xn,— 1)* {1 +sin’ (ZTDC"/ MW+ D, u(x;,5,100,4) 0
j=1 j=1
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AR, fa N\ AR =Y 1500, Fa A BRIE Y
L 1, X,» X, ZwRELE, U, U, KA
R, RGEHCIRES T 8RR A

[X1 (t+ 1)} _ [x, )Cz:H:Xl (1)} N [xs xﬁ]{[h (t):'

X, (@t+1) Xy x| X, (0) x; xol| Uy (9)

24)
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R2 A kA SR SR =

Table 2 Convergence error of heuristic optimization algorithm

DE HHO GWO WOA i MFO
PR A P \
CPU GPU CPU GPU CPU GPU CPU GPU B CcpPU GPU
800 0 0 0 0 6.29x107° 7.43x107 0 0 100 6.26x107°* 5.07x107*
1 600 0 0 0 0 5.86x107° 7.64x107° 0 0 150 2.98x10°* 4.17x10°®
s 2 400 0 0 0 0 4.76x107° 9.02x107° 0 0 200 1.19x107° 2.98x10°*
3200 0 0 0 0 4.09x107° 8.11x107° 0 0 250 0 0
800 0 0 0 0 0 0 0 0 100 0 0
1600 0 0 0 0 0 0 0 0 150 0 0
/ 2400 0 0 0 0 0 0 0 0 200 0 0
3200 0 0 0 0 0 0 0 0 250 0 0
800  0.032 0.019 0 0 0 0 0 0 100 0.25 0.29
1600 0.027 0.010 0 0 0 0 0 0 150  0.22 0.28
/ 2400 0.026 0.009 2 0 0 0 0 0 0 200  0.30 0.23
3200 0.018 0.005 4 0 0 0 0 0 0 250  0.26 0.24
800 5.69x107"7 5.69x107"7 7.68x107'% 5.69x107"7 2.52x107° 2.39x107 5.69x107" 5.69x107"7 100 7.54x107*1.05x107"
1600 5.69x107"7 5.69x107"7 3.42x107'¢ 5.69x107"7 6.60x107° 1.64x107° 5.69x107"7 5.69x10™7 150 6.39x107"2.75x10™
/i 2400 5.69x10™7 5.69x107"7 1.99x107'° 5.69x107" 3.85x10°° 5.43x10° 5.69x107" 5.69x107"7 200 7.38x107*6.61x107"
3200 5.69x107"7 5.69x107"7 5.69%x1077 5.69x107"7 7.04x10° 9.01x107" 5.69x1077 5.69x1077 250 9.79x107" 8.98x107"
800 8.95x107™ 8.95x107"* 5.38x107" 9.70x107"* 2.27x107"* 4.85x107"° 9.18x107"* 8.95x107"* 100 9.01x107* 9.57x10™"*
1600 8.95x10™* 8.95x107™" 1.52x1077 9.01x107"* 1.24x107'° 4.17x107"° 9.29x107™ 9.01x107"* 150 8.95x107*8.95x107"
s 2400 8.95x107"* 8.95x107" 1.35x107" 8.95x107* 1.15x107"° 4.38x107* 8.95x107 8.95x107* 200 8.95x107"* 1.23x107"
3200 8.95x107"* 8.95x107"* 1.08x107" 8.95x107" 1.30x107"° 5.21x107* 9.01x107 8.95x10™* 250 8.95x107"* 8.95x10™
800 1.20x10° 4.12x107 1.37x107° 1.29x107 5.49x107° 1.14x10° 6.74x107 6.71x107 100 6.41x107° 8.49x107
1600 1.04x107° 4.12x107 1.31x107° 1.11x107 3.89x107° 4.68x10° 6.27x107 6.37<107 150 7.65x107° 2.52x107
i 2400 1.03x10°° 4.12x107 3.78x10° 9.71x10° 5.04x10° 1.97x10° 8.01x107 6.81x107 200 6.87x10” 1.07x107°
3200 9.82x107 4.12x107 1.84x10°° 5.79x10° 1.61x10° 1.73E-06 7.64x107 6.75x107 250 5.74x107° 1.79x107°
%3 MK BRHLS ~f AN FI PR B 00538 AT I 1) S5 mk Bl
Table 3 Running time (ms) and acceleration ratio of algorithms with different dimensions under the test function f,~f,
DE HHO GWO WOA MFO
¥ P CPU/ GPU/ i CPU/ GPU/ JmE  CPU/  GPU/ Jni#  CPU/  GPU/ i FHEE CPU/ GPU/ i
ms ms Ltk ms ms b ms ms [k ms ms ms ms L
800 8823 15.1 583 28276 1095 258 25604 2710 94 6393 21.6 295 100 2986 1339 22
1600 17583 263 668 56556 1333 424 51397 4434 11.6 12795 242 529 150 4988 2159 23
S 2400 26384 527 50.1 84874 153.6 552 77203 693.6 11.1 19214 255 753 200 7335 3003 24
3200 35265 97.0 364 113525 1845 615 109762 10369 10.6 25604 298 859 250 9857 449.7 2.2
800 10408 169 61.5 43654 1425 30.6 27100 271.1 100 13595 252 539 100 4879 2044 24
P 1600 2073.5 27.8 747 87309 159.0 549 54200 4226 128 27190 300 905 150 795.1 3158 25
J2

2400 31173 51.8 60.2 131093 1750 749 81165 6183 131 4091.1 333 1229 200 11404 4477 25
3200 41840 948 441 174953 2050 853 108463 10173 10.7 54458 388 1404 250 15042 6157 24
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DE HHO GWO WOA MFO
BREFIEE CPU/ GPU/ J®E CPU/  GPU/ & CPU/  GPU/ Jmi® CPU/  GPU/ i FR#F CPU/ GPU/ ik
ms ms [t ms ms kb ms ms tt ms ms tt ms ms b

800 13246 332 399 54842 2371 231 28492 3149 9.0 1911.0 480 398 100 576.6 253.6 2.3
1600 25809 48.1 53.7 110395 2947 375 57074 4779 119 38366 566 67.8 150 9373 3757 25
S 2400 3855.6 562 68.6 16427.6 353.0 465 8799.1 7173 123 57354 700 81.9 200 1323.0 562.5 24
3200 5180.6 79.9 64.8 220060 4355 505 11579.8 1066.6 109 7659.8 89.8 853 250 17562 812.6 2.2
800 1896.6 335 56,5 97783 2280 429 41231 3146 131 42989 468 91.8 100 830.8 181.5 4.6
1600 3687.7 38.6 955 19487.1 2621 744 75924 4693 162 85867 459 1873 150 13072 2885 4.5
i 2400 5769.2 46.7 1234 29233.0 3056 957 115113 7245 159 127215 51.1 249.0 200 1773.7 403.6 44
3200 75849 778 97.5 38952.6 3392 114.8 152352 1067.7 143 170579 544 313.8 250 23256 616.6 3.8
800 20035 372 539 101464 2463 412 38915 3052 128 43992 495 888 100 8232 183.8 4.5
1600 3996.5 422 94.7 20 151.7 2855 70.6 78059 4721 165 87273 503 173.5 150 13093 298.0 4.4
s 2400 5998.1 48.1 124.8 30 161.1 3344 90.2 117754 7141 16,5 130555 55.1 236.8 200 1805.7 421.7 4.3
3200 8029.1 72.0 111.5 400533 3699 1083 16529.8 10642 155 173969 613 2839 250 23775 6294 3.8
800 24 800.0 454.2 54.6 87272.0 12358 70.6 28577.0 762.7 37.5 524392 463.1 113.2 100 3 566.8 672.8 5.3
1 60049 536.9 486.0 101.9 172 596.41 479.3 116.7 57 565.1 925.8 62.2 104 504.1 512.7 203.8 150 54458 795.1 6.8
/s 240074 420.2 502.5 148.1 262 271.51 717.4 152.7 84 221.4 11384 74.0 148 271.4 486.0 305.1 200 7330.2 956.1 7.7

320099 287.5 554.3 179.1 351 528.81 967.9 178.6 112 00431 506.7 74.3 199 616.9 557.2 3582 250 92413 1261.7 73
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