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Abstract: To effectively solve large-scale optimization problems, the paper proposes a distributed agent
computing framework based on the parallel particle swarm optimization (PSO). The framework uses a master
swarm for evolving complete solutions of the problem, and uses a set of slave swarms for evolving sub-solutions of
the subproblems concurrently. The master swarm and slave swarms alternatively implement the PSO procedure to
improve the problem-solving efficiency. Using the asynchronous team based agent architecture, a master/slave
swarm consists of different kinds of agents, which share a population of solutions and cooperate to evolve the
population, such as initializing solutions, moving particles, handling constraints, and decomposing/synthesizing
sub-solutions. The framework can be used to solve complicated constained and multiobjective optimization
problems efficiently. Experimental results demonstrate that this approach has significant performance advantage
over two other state-of-the-art algorithms on a typical transportation problem.

Key words:  agent; particle swarm optimization (PSO); master-slave model; cooperative evolution; distributed

computing
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Repaireri o

Destroyerjg\
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lSlave-Swarm
Scheduler Coordmator
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Repairers Improvers
Constructors Destroyers

Fig.1 Tllustration of the distributed agent computing framework

1 At Agent T QR E

2.2 3EPSO Agent

Bt — AN A Ak 0] 8L (R SR 1 S AE BT AE Y s B A i — AN Master-Swarm, 1 Scheduler 5 [3] #U
Population W #EATKf#. 2 Population H L T — N1 i) L LA 5, Decomposer X [ @E3EAT 43 fif, 1% 43 il Hh 1) 48
AF R 3E—A Slave-Swarm, 344+ 10 8 75 B R 1545 th H: Scheduler 34T 13— 20 KA.
Decomposer =ZERFH LN 4 il i 8 4) fiff 55 s -
(1) F W28 TF S50 sUEAT 23 AR RIS 22 A0 A o8 S0 550,50 20 AR 8 22 2D A 1 Il 8, JF: A 38 AH 8 400 1R
Slave-Swarm. ﬁﬁ@ﬁ‘ﬁTu%y?ﬁfﬁ%,@ﬂU\%Wﬁ%%ﬁ v SR8 7 EAT T O3 X - EE
F T m % g Ak )

(2) & In) R L5 R BAT 3 R EMEJE i 8 PR TG AR B BEAT T XAk 1) 43 AR, 40 A O7 NG HH R R0 R B )
R\ R ) 20 I 3 BEE T A AR AL A AL ) A

(3)  H&in) B A AR JE M B LR AR IR HEAT A AR Ll G 0 AN SE A RN 1), AT A RS S 5 R

T A
(4) #EEH hﬁ_@ﬂu&ﬁ%ﬁ% X EIE T2 H b I L R B A b R B AT
i il

bR 3 fif Rt T A L g ) 5 R B B AR S R R AT A0 AR I TS A R X g T BT R £
SR A . R ) @) R RE AT RIS R P2 5.
23 ENMBERBEK

Master-Swarm [] Population H BN A5 3K i 1 17 8 5 , B Constructor i LK) & — 41 I 4R /#1115 B Improver,
Repairer Fl Destroyer F [7] i 1% 21 fif JEAT 38 6. — AN B (1938 10 45 55, Decomposer X Population 5 14T 4
fift, IF R IL LA AN Slave-Swarm, i # 75 [ C ) Population H % 1 fi# #4754k %% Slave-Swarm ) 5¢ il 77
— AN B A DG 75 EEEAT R 2P B Master-Swarm (1) Synthesizer %) ¥ i#E 4T & FF, 58 7468 — 56 10 3= -

© PEBEBSAITT  hip:/ www. jos. org. cn



3004 Journal of Software ¥4 34R Vol.23, No.l11, November 2012

MR AL, T A8 L R b A
T2 ARSI AL R FE A SEME S LR 1L P BOE Slave-Swarm AN ECh m k™™ 2 Master-Swarm i B Bt fie K
IEAR IR 5 i A Slave-Swarm B3 B B KIEAR R EL, 1.x Fl 2.x 43 51| 2 78 Master-Swarm Fl Slave-Swarm
AT B SR D R
Table 1 Alternative master-slave particle swarm optimization algorithm

23 W SV AR i Bt/ R A RS

Step Instruction Executive agent
1.1 Construct a set of feasible solutions for the population; Constructor
1.2 let k&=0;

1.3 while (k<k™) do
1.4 foreach solution x in population do
1.5 move x according to PSO motion equations; Improver
1.6 if (x is infeasible) then
1.7 if TryRepair(x)=false then Repairer
1.8 mark x as unrepairable;
1.9 if (x is redundant or low-quality or unrepairable) then
remove x from the population; Destroyer
construct a new feasible solution to replace x; Constructor

if (termination condition is satisfied) then return;
foreach solution x in population do

—_—
_—— = =
FNUS I S )

decompose x into m parts and send it to the corresponding slave-swarm; Decomposer
2.1 for i=1 to m do
2.2 let £=0;
2.3 while (k < k™) do
2.4 foreach solution y in slave-population do
2.5 if (y is infeasible) then
2.6 if TryRepair(y)=false then Repairer
2.7 mark y as unrepairable;
2.8 if (y is redundant or low-quality or unrepairable) then
2.9 remove y from the population; Destroyer
2.10 construct a new feasible solution to replace y; Constructor
2.11 move y according to PSO motion equations; Improver
2.12 send sub-solutions back to the master swarm; Coordinator
2.13 synthesize sub-solutions to complete solutions and goto Step 1.2; Synthesizer

LR S0 2 1~ 88 2.12 X NI &4 Slave-Swarm J8 A i B2 AT ZEAS [8 45 5B FRAT AT, T 25 8 1.4~
B 111 Fﬁxﬁﬁ\“u’a Master-Swarm J# 1k 25 B DL A 2D B8 2.4~20 38 2,11 Fit K Slave-Swarm #4625 B34 AT 3
PAT I 32 HEAZ 5 v Ak 7 587 B S AT, FL S 6 48 SR e W L6 340 284 1) e 200 P 4 i) 780 LA e A 1) 2300 A SE
I R Bt v R B i) S 1 DR 1R 38 S AT () BIAT B AR, S5 4 3 i Slave-Swarm E"JHMTﬁ'\ﬁ.

24 ZERMLTRE

T ZHBEAAR S, M E TS 2 AR, BT R H AR ERAT 2 B AR
PSO(multiobjective PSO, & #X MOPSO)E AL I, 77 FE(1)H p, Bl g, I35 B 75 R F 3045 /M il 2 171 (1) Pareto HE)37 15
B A R b R AN E SRR SE NATE /2 Master-Swarm i 42 Slave-Swarm, HosRfi# % H br il

N ) Population &5 #4 #8118 2 s, 2 i) PManager B -T-X%F NA #EAT4E4.

Population Problem meta-information

N
.

PManager NA

Fig.2 Population structure for multiobjective optimization problems

2 Z B4k R Population 4544
B —AF# x W0 F Population H PLJF ,PManager K 2 H & 545 WA (I SZ B (BDFZE TG H ks
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bR KL EARAE T2 DA ), 77 WK o SN2 NA P JF MR NA TPOls e x B SRS .

£ MOPSO AT i A r AR SO A 1A 508 7] B A S8 I [0 B AR R IXAT AT 2 7™ F S Wi 05 (R 803 TR AT
TR NA BRURBEEAT BRI 2 NA T RSO A 10 2o 20X 21 BRI PManager 157 3F OR 77 NA mP Al SCRC AR
G 1R S50 B 0 SR SR B N PR AR STE AR o0, 18 AT 4 7R AR 1)1 240 B 0 0 8 o I 4K L 4 NA v i G
AHLAT AR

3 MARBSHELR

AT LA AN ERE Iz i ) R R iR 70 A7 50 Agent THRHESLI S HT. 2 8 m ANIERY SORT n AT SR I
S5 i AR SR PEAT B a, 55 7 AT SRS R T SR A by I AR B AL I A B 7 SR A IS iy A A I8 B
B P I 8] i N 2% T 1 B = A ] 30
min f;(x) = ch(x[/)

i=1 j=1

min f,(x) :iiz(x‘.,)

i=1 j=1

s.t. Zx,.j <a,i=12,.,m (5)

Jj=1

et =[x T i) T 7N B xy B0 (1) B2 ) AL 7 R 7 38 B0 55 5K A7 I 5 10 2l e oey) 2 0 AH Y. 143 H 1 (1) (H X
W o Al IARAN 2 xy S VERR B8 SEBR ELIERSE T I A I x B 25 I 5 B A, il g — AN 225011
BT A0 T SRR oA Be T S A D% (14032 i 2 FH R0 B ).

AT S, 1% R R B E — SR AR AR 2 H AR I R 1) R GO mxn N A SCHR ) Agent T HAE
BRmt, R SR R T B AR 1% 1) R A3 ey K BIH B i Ak m AN ) B BRI R 7 0 B — N ) R T
ELURCIESSU N I

min fi(x;) = ic(xl.j)
min £,(x) = 2105 ©
s.t. ix[/. <gq,

j=1

x; =0,j=12,..,n
o e =[oi1,X02s - Xi ) 3X KL, T )RR HEHE N B R n AE n FEff 25 R AT I R R A KK T mxn 4Efift 25 4],
T 1) L (6) it AR R T LRI AR A P A E AR BRI DL AM 38 WY 2 25 R8T A X S A el 7 A 1) ST RR AR S i T T )

FRRZG RE I AR (K158 2 IRA AR A A, O B, 5 SCHIR AL R B EOR VAR 1M x; T 56 B IR a4 55 o B AT 55
(1 L

glx) =Y ©

oy TR R A BREL S w, =1 AEAR B LT 4 ;= w, == w, :%.
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AR S5 DU 18 G 1 58 (LR /N R TR VP AR AL ):
fir(x) =2 (8)
g(xi)
e o(x;) 4 #E Population T [¥) Pareto HEJF.
Synthesizer ¥ — A F MG I R — 53R x UG, 752 Repairer £ 2 H T 47 M Wi s x AN i B4 ol

S5, = b, WS 4, = b, ~ 3 xy. JH R SR DA B 7 SR AN 5 D454

4 _z;:le/
z;(di _27:1%‘1’)
FATAE — 412 H b 25 1532 i i 780 S )00 0 1 32 AORE 7 HERE B 1) 23 Al 30 Agent #F 5705715 (id 4 PSO-
Agent) AT TR T 518554 — G FRHC 4xIntel Xeon 3430(4Cores) Kb FE 28 1) il 45 2% . 5246 ) ,Master Swarm F14f
A Slave Swarm 43 SIS AT — AN AL BLEE AL b, R W] 3R 2 SCRF 15 A Slave Swarm [ HFATHAT O T 847 LA, TR
T3 53 S BT 482 by S 3k 1y — B b R 1 BE TG0 CPSOYRIL—BIR £ i85 (E  HGA). B AN 7E A
AN Ta) i S5 _E 3545 1 55 PSO-Agent AH [ (0 &b BEL 8 4% Btk AT I A7 48 55 AR BEA 1) 24 b i 5 S50 511847 20 1R,
A0 LA 7] (18 25 Lk I T 0 28 B2 SR AT 0 B 28 A 4 B I ST L 2 TR B s (B € st P P S35 SR AT R A 4R 70
AR B,C(A,B)5E XK B R4 A T SCIC I e fai B0
|[{peB|Jac A:a<b}| (10)
| B|
SPABAT IR G R WA 2 T BAA 2 450/ A ) i e 2 481, 48 B4 30 10 4 2R 2 S AN K T B A
i) AL 3 1C,CPSO Ml HGA SEIAFToRATH 4 SRR 2 HL e PSO-Agent [) &5 LT S £ 1] AR ASE 34 1]
10x14 LUE,CPSO Al HGA (#8445 LAl 571 PSO-Agent (¥ 45 S BT S IC AR S b, 76 JiT 4 1) 549 |, PSO-
Agent 3K R MRAE 55 S b S35 (0 5 R DT SCIRC. oh T P A S0 DA ) A o S50 1) PSO- A gent 3K H1 AR 4
U] AT A PP S5, X A 7 B T R T T MORL T BRI K v ST VR B B
Table 2 Comparative experimental results of the three algorithms on the test problem instances
23 PPSIEAE R ) RS ) P A s 4 R
Problem size (mxn) C (CPSO, PSO-Agent) (%) C (HGA, PSO-Agent) (%) C (PSO-Agent, CPSO) (%) C (PSO-Agent, HGA) (%)

X =X+ 4,

©)

C(4,B) =

3x4 0.00 0.00 0.00 0.00
3x8 0.00 0.00 2.25 0.00
5x5 0.00 0.00 2.67 0.00
5x10 0.00 0.00 9.84 3.75
8x6 0.00 0.00 44.60 16.35
8x12 0.00 0.00 TNLS 52.19
10x7 0.00 0.00 89.75 70.53
10x14 0.00 0.00 100 100
12x8 0.00 0.00 100 100
12x16 0.00 0.00 100 100
15x10 0.00 0.00 100 100
15%20 0.00 0.00 100 100
4 HXRE

AR T — AT MR BEBEAL 1 43 A 20 Agent THEEHESE IL 32 22 AR 25 532 ) A IRAT TF A
MM Z Agent RGURSEHUAL RS IR Fr )l 2 R A Agent SKMHERFHEAEF K Agent JLE—A
Population F-56f 2 A (¥ f A7 ik [R5 Ak, AT A7 2503t B AL 17 ) LR AR AR B JBE B 17 SR80 AR — T i AR 445
% HArU A i) B 0 S0 S0 45 R S AR SCHR HH Y TR B W e R R RE A 24

St AR () P AK ) 036 B0 T Master-Slave A5 (¥ )5 2SR L R AT AR B W2 . R — B A 4
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