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Acceleration Method for Multidimensional Function Optimization Based on Artificial Bee Colony
Algorithm

LI Hui' ,HAN Lin®, YU Zhe® and WANG Wei

1 School of Economics,Qingdao Agricultural University.Qingdao,Shandong 266109, China

2 National Supercomputing Center in Zhengzhou,Zhengzhou University ,Zhengzhou 450000, China
3 Institute of Microelectronics of the Chinese Academy of Sciences,Beijing 100029, China
Abstract The artificial bee colony algorithm is widely used in the development of agricultural and rural big data applications, the
serial artificial bee colony algorithm has a high time complexity and is not suitable for solving multi-dimensional problems quic-
kly. According to the serial artificial bee colony algorithm,the problem of low execution efficiency of multi-dimensional function
solving is analyzed,a multi-dimensional function optimization method based on the artificial bee colony algorithm is proposed after
analyzing the multi-dimensional function and determining the artificial dependency relationship,which consists of task allocation,
data distribution, synchronization operations and task parallelism. To demonstrate the efficacy of the proposed method, the
Haiguang processor is used as a hardware test platform to compare and test four multi-dimensional functions. Experimental re-
sults show that the proposed method significantly outperforms the serial artificial bee colony algorithm in solving four multidi-

mensional functions.

Keywords Big data, Artificial bee colony algorithm,Multidimensional function, ROCm HIP model, HYGON processor
| oE= LB SR BB AR N B3RS W e R 4G 43 A LA R Ak BT 35 AN Wi
=

T [ Al e A Bl o sl S B R VR L B R W AFTE
A B R R Ak BRSO R LT R AR S 8 4 )L R
TR B Al R R R DY A I 2 S it
B 3R O R E A 3 5 S e R ARl R A R
B ARAR I ELN T 37 1) 75 SR AR A0 3, 0 AR HE TR 4L
TR SRS 2RSS 0 A O R B ARl
RS A JRAT RO BT g ik B Ak PR A 22 36, O i e 3R B RO
e I R v T I 1 PR MR ) AR 44 T A s R, B
B BRI 8 TR R R A T Ak Y A AR TR AR B, i

eI H S

P2 R BOHE A B . X AR 2 B AR AT A B Ak R b 1
2 S R 1 B0 7T SR R 02 el B 1 X f B 4 Sy o )
T, A7 AR R P A0 A B 3 e L R AT Bl

Xt bR HCHE A ) A 1 £ e A AR kL kAT i 4
Sy ENEN R 2GR BIET FE R, B & TR R B
B A ol A A I B Ak B T 3R i PR s R 3 A O A 1 2 2R
HABRNJm BRI H 8 2 ) f RO i, B e 7 2
FFAT 1 R0 B 5 1% B0 Ak Bk X B R AT O A Ak 3 L £ X O
TRAEY KRB BB R st b . MR RER L EA
IR 2 S & N Ay & iR S 0K S AN el LWl (73

5 5500 A R R TS S A 3R & (201400211300)

This work was supported by the Ultra-large-scale Computing Applications and Independent Software Development of Silicon Nanostructures and

Chip Devices(201400211300).
HEVEE W (leephil@163. com)

211200075-1



Com puter Science THEHLES Vol. 49,No. 11A,Nov. 2022

RIS Ze 1) 8L 01 A 28007 161
2 st

T B ((Artificial Bee Colony, ABC) 5% 1 & — Fi B 40
REBAILTT . A GE A AL SR T v B e TR R i VR A 5
TRk T 4R IR R0 o O A, B B S 8000 L S R A L R AT 0k
SRA R . ROV AE LI AR A g e — 2B ) B, ORI M
2 0 245 Ak 3 PRI AR s A R AR TR, (X T 2 A H AR Y
T HAS R AT 2R o O A ok B B Ak 22 4 oA K500 SR A 1) 2% B
PR AR AN R R AT R B b TR . H R £
Xt ABC Sk iyt Ak B N MR £ 28 F k47 T M S BIF 98 T
. SCERLO M H CUDA B4 52 80 T 9f 47 ABC 55 SOk
C100fH FHYE BB 4% 38 42 O 92 80 T 4 A U 5F AT ABC B33k 5 Uik
[11]3F FPGA S8 TR IR AT IR R 4549 19 ABC B ik, B
JETE M HIE S 0 BRI 3T FATT 6 57 B 0L R 4 (1 3 il
LR TR A A S8l R B 2 AR AR PRIE AR M AR A O
B B0 22 4 B AR T AL IR S ARl A R R R B

h T N B R ABC 0k SR i £ 2k o B ROR L R
SCHEHT — R IR TN TR B T 1 2 4 RR RO A i O
%7 1 DL 7 0 O A 328 g B R Sl F S SE T A0l 4R =
ABC 53k Xt 2 4 R BOR B MR a8 . FBEMRAE R

(DR T4 ABC 5535 X £ 4t o BOR B4 i i 280% il
PR 6 AR BEER 1R R T R & X ABC 83k v (% o Bt 47 T JF
TS T

(2) £ X g e b 338 14 45 AL 4R T X ABC Sk W AT
T T 2 B SR TS S HEAT R A3 B SR S T i B
P 04T 43 A b 3, BRI AT [R) 25 45 1 B R 3k B 6 R ) 1Y B d
T4 s B XTS5 AT I

(3D T B0 UEAS SCHR M A 3k F N T 0 T RV 2 A R AR
A J7 vk 1 A 0P AR SO SR T ER AT ABC S FIE AL S
B ABC Bk X 4 A~ 22 2 bR 00 SR e o B R A7 00,

2.1 kgEHy

AR R R A 0 S R b TS R RS R . e A
T 22 4k BE A Ak ) B b, ABC B8 33 B4 B (] 3 R 3 B A 3T L& B
JE PR A A R0 ABC B3k e Ak BE 22 A o B I ) 2
FE (BTN o 5 1 A A 0 o 7 B 9 R R 1) e IR R AR R
Bl . RA 4 ANASE R E 1 2 248 /B8ORS ABC 5395
AL, BRI N 1 BT S, Sphere RRBUAYHR S BRI, H A
SR IMETE 2= (0,0, ,004b H K () =0, HIUE 1 FI7E
[—100,100]., Rosenbrock bR %A 4 & & AR E AR AT 401,
HeRE/MEE 2=0,1, Db AER F) =0, HBE L
FIAEL —30,30], Sphere R%X A Rosenbrock PR 50 & T 5L pR
B RRE—ADXENEAE - R KA, Griewank
PRBI I AR R 2B O R TT 43, B & R e /IMETE 2= (0,
054 ER f(2) =0, HHUE W FI7E[ —600,600]., Ras-
trigin BRI RR SR S I BT LB, & R/ Ma 1
2=(0,0,, O AN f(x) =0, HBUE & B FEL—>5. 12,
5.121" , Griewank PR XAl Rastrigin pR AT & 22 16 PR &L, 6 m —
AT A A Jo B0 09 A R W {4 A v 3K o B 1) 3 2
T H A 0. Ak g5 B2 3T 0, U B 31 04 D AL RO T 4T,

# 1 YRR R

Table 1 Basic information of multidimensional functions
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Table 2 Hot spot function analysis of ABC algorithm

B 34 Sphere Rosenbrock  Griewank Rastrigin
OnlookerBees 50. 69 51.16 50. 80 51.00
EmployedBees 46. 14 45.31 46.00 45.10

Probabilities 1. 40 1.50 1. 40 1.90
ScoutBees 1.10 0.93 0. 80 1.20
BestSource 0.67 1. 10 1. 00 0. 80

% 2 %5 R 875, OnlookerBees 5 EmployedBees 4 i

BOFE I 43 H S L I ) B AR O X AN BB K
PG Py R T3, AT AKX A R B AT IR A G BT

EmployedBees B %1% ) e 2% 2 7= A= B 09 2 I, IF H K
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F,
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Fig. 1 ABC algorithm model based on CPU+DCU
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Fig. 2 Common optimization methods
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Fig. 3 Task division method
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Input:blockIdx. x:block index within grid

task division algorithm

blockDim. x:count the number of threads in a block in the x di-
rection
threadldx. x:thread index within block
bees:colony parameters
Output:newFitness:new fitness information
. j=blockIdx. x * blockDim. x+ threadIdx. x
.if(j << bees)
. fitness[j]=fit. fitness
. i=threadldx. x
. if(i << employed bees)
= x4 D (x— x0)
else
L limit[i]=limit[i]+1
. if(i <onlooker bees/2)
fit(x;)
SZ\: fit(xy)
N=1

© 0 N o Ul e W N

—
=3

Pi=

11. else
12, limit[i]=limit[i]+1
3.2 BESTH

T HE XU IR) YA 4 Ak BRI A A TR 2 R Y A
B VT T K BRI REZ A SR A 2R NER T
B RAE, M E NIRRT B Rt = i S
EraeRnFraet, fIRERERNIRTTFEL
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Yiln) Vs ) 2 8 278 15 TR A8 L IR b 2 i 00 1 3 == g Ao AU 4
Ry WAF S BB ) A i ST TR B AT OO L S ks
BIVHE T B3 00 K DA 4 )y P9 A B IR 3 =2 A7 b ol S
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HREHRFRAKIT R RE R RN, & ERAE
NEEEAR 1947 B 2 FR AT 4% 5 B) DCU i R 19 2 J=) A7 L I8 4
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Fig. 4 Data distribution division
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Fig.5 Thread synchronization operation
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Input:bees:colony parameters;employed bees:update the bee

thread synchronization algorithm

Output:limit: solutions can not be improved
1. if(j<<bees) :

2. fitness[ j]=fit. fitness

3. syncthreads()

4. for i€ [0++-generations)do

5. if i<Cemployed bees
6. % =xi+@(x;—x)
7. if i <onlooker bees/2
8. P— S\flit(Xi)
\Elfit(xn)
9. syncth?eads()
10. limit[ i]=limit[i]+1
11. end for
3.4 EEHIT

S AT 55 300 o3 R 2 A1 TR 2 AT X B AR R AN
JEAR B AL LR 7 DCU 3y 92 B & 4 19 1+ 5384% 55 . 78 CPU i)
LS IFAT MG S )G 16 DCU Mg 4 i $AT4E 55 .

M 6 TTLUE th CPU i £ 2 61 53 AL 55 A XS 8
200 U Ak A0 B B4 15 i 1 B L ABC B3 A0 3 B o A i 5
DCU fin g & 4F h #4731 5.
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Fig. 6 Parallel task division
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Input:blockIdx. x:block index within grid

the task parallel algorithm

blockDim. x:count the number of threads in a block in the x di-
rection
threadldx. x: thread index within block
bees:colony parameters
Output:newFitness:new fitness information

limit: solutionscan not be improved

1. Fitness Initialization

2. hipMemcpy(dev_bees, hipMemcpyHostToDevice)
3. if(i<"bees) : fitness[i]=fitnessChive[i])

4. parallel artificial bee colony

5. for i€ [0+ generations) do

6. if i<Cemployed bees

7. if(newFitness < fitness[i]):

8. fitness[i]=newFitness

9. else

10. limit[i]=limit[i]+1
11. ifi <onlooker bees/2
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12. if (newFitness << fitness[ selected tournament]) :
13. fitness[ selected_tournament ] =newFitness

14. else

15. limit[i]=limit[i]+1

16. if(i << bees)

17. if(limit[i] >>=limit_solutions)

18. newFitness= fitnessChive[i])
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Table 3 Experimental environment
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