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Apply Modified Discrete Particle Swarm Optimization
Algorithm to Solve Simulation Task Scheduling
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Technology of China, Chengdu, Sichuan 611731, China)

Abstract:  Aiming at the problems that the algorithm was greatly influenced by initial population and the result was not
stable when solving the simulation task scheduling in distributed radar simulation system, due to the defects that the dis-
crete particle swarm optimization (DPSO) algorithm was easy to encounter local optimization, a modified DPSO algorithm
based on the mutation strategy of pheromone was proposed. The mutation strategy of pheromone was first introduced in this
paper after analysis the cause of high probability to encounter local optimization. Then the optimization empirical informa-
tion of all particles in swarm was fully used to accumulate pheromone. Finally, mutation operation was conducted on parti-
cles obtained from iteration of DPSO according to the distribution of pheromone and efficiency matrix. Simulation results
show the effectiveness to avoid the problem of local optimization and the better stability of results than DPSO. Meanwhile,
the scheduling span and load balance are both improved greatly compared with DPSO, ACO, Max-Min and Min-Min.

Key words: radar distributed simulation; task scheduling; discrete particle swarm optimization; pheromone ; mutation strategy

1 5]

FERR AT HRGE P, 7 BAL 55 FAL By
MEATBOR ISR, 7 AT 55 1 1 3R R R i
D7 EAT 5 1 58 B ] A o3 A 305 5 R e 0 307
i, NITSE W 475 AR GE R P RE . AL, AT 55 3 2 A

i1

B

Wk B . 2014-09-22; &RIHH]. 2015-01-09

IR A 2 L RIS I ) A 5 R
() L AR W) 2 NP 58 4 n) R, 222k T xR s
SRR, HA B ECR T4 ( Discrete Particle Swarm Op-
timization, DPSO) 33" 16 SR AFAT: 55 94 2 [ 0 |- .
A RUFIARLE

Kennedy F1 Eberhart F 1997 & H — i BAS 19



54

A S 2ot DPSO SR gl AT 55 1 i ] i 475

BIHORL TR EE " (AR TR SR A B R AL )
RIS RN )z 4 T, R O R TR R e B TR
FL TSP [a] il | Job-Shop [R]85 L K AT: 55 ] J3E ) 45
BSHOR TR L A S W SR R R
BORE o) TR BLA Snl FE A7 Ak BAE AL A, (HAL A
TEZ T BN R me e 1 ) A, L 3 30 0y 7 i
SRR 22 A 1R DR I, 1 X X — A1, H AT AT
JreEB R T 2Tk . SCIR 4 1R A A & b
AORORA IS PEAS R e 4 DR 7 AT A 3 B R4
R M SE W SOE JEE , 7Ol T DPSO - Sl S m)
A, SCHRES T IATRIMEEE , i@ i Logistic REETT &
FEEERIRFRRE , (AT ) 46 KL T A LU Y 22
HAM Y50 NI i 1 R RE 9 A PEFRAIR T ik
B AR L AOME R o SCRR6 ] 32 i 22 i it 1y B A
KT, R DPSO [ I#471 , >R F 2B i il
SERICE R R R AUR TR B 55 AR R
ARG Z2REE DA AP 53 B AR 3 e DL ey )
REME, SR M i A . SCRR L7 ] MRS HL T 22 FE 1
AT, G A (RO R 5E S S 4 A, DR 4 1
s ) AR AT S A iy 42 R L RE . DA bix s
AR DA 1) R SRS SROR o A 2 A T b
KPR RAT o SCHRES |52 ARG P A AR e
(B ST AR A TRY B (AL K B0 L ABE S5 A TR Al e
Az ATARARE i — Y T N R 1) 4 PSR ) I o
PLAR BT A AL A B iz~ , K
A ARR 302 A Js 78 B DG ) T BE , AR T 2 ISEE Jn
TR 36 0 05 B R A (AT R LR A R
R B A R B T S A R RS X VIS O

i o B DPSO 535 5y B AR il fee AL R AR
ASJRRZ IR I 517 S, DL O R, 42 H —
Pl T R 2R S SR ) e O T AR B < LA
R R AR 1 F ARG R, 2
ARSI 7 3R X B BB SRR R, I3
JB DPSO 9“9 51 ™ SR, M I PRAF 5 R 3 MAT 85
P EN SR AR R B e o a7 LSRN
RCHE S AT RO S T RE B TR R AL R T
SRR A4 A AN E

2 BEMEEFZEAEE&ER

XA n A 85 BAT 55 A m A5 AL BE
R IR A 0 HR G, AT 55 1R 1) S SR 2

W3X n AN BAT S5 LAA B 7 200 B2 2] m AN Ak 3
e AT, B2 B /MBI BE 5 2 (Scheduling
MakeSpan) , RISE15 n 4> i ELAT: 55 6l 1 56 1 I 18] B
Bl R, AT 55 1R B S AT DA AR R AE — o I AR O%
I ESES T AL AES P LRy f. T,
—P, Hp AR5EE T=1{T,,T,, -, T, | RFER
HARS, T, Fos i BAE 55 ¢ it o, B iy 54T
S5 AN R BB SRR A R ATAE A, — M55
HAETE — DAL 1 BT B RS P =
[P Py, P L ORF IR HALBEY 5, P s Ak B
WL RYAL B, B[R] — i 2 [R]— > A B
B R B —MESF T

WS B 285 SR A noxeme (1498 5 S0/ X 267 ke
SYEER FEME X TR «; € 10,1} 555 T, 91
BRI FEAS 5 P AT 0 oy = 1, A5 00 o0, = O, B
FERE G B —AT TR Z AN 1, DLORIE R B4~
Pi ARSI T H R BC T — M AL B 5

n AT EARGAE m A5 LAY fi B RIS
4765} 8] ( Estimated Time to Complete , ETC) Fj—~ nx
m W ETC KR, Kot R 1, R4t 55 T, 1efi 1Ak
BT 3 Py b S50 AL S 1]

P EALBEAT 55 A AL BERT B] CT, J2 o B 31 -
JITA AT 55 1) Ab R ) 2 i, D

CT, =nytﬁ (1)

AL A6 BT A 17 FC AL B Ak B (8] 11
FRRAE o U7 LA 55 8 B ] AL B Ry

min MakeSpan = m?ilx( CT;) (2)
is

n
CT/- = Z{ Xt

s.t. % € (0,1}

injzl

j=1

ie {1’2’.."n}’je %1’2’.'.’m}

3 EARBRHTFEHEEKRBESHERNE

FEA B TIORE 1 F 3 SR AR AT 55 ] 2 [ K
JE BRI AT 55 Y JBE TR 8L P B 58 PN R SR 120 B
B ML PR ST 28 3, DA T O B PR

(1) KL T Zi it



476 5 % K EORIES
VAR TR U NS YA R VA= 31 B -1 97 PR h(X, (1)) AR R A o8 e B

— KL AR — AT 55 I8 ) ALY T AT i, D90
KT b BOEE E SCN nxm B BERE RS X -

X110 X Xy,
x x x
21 2 2
X, =| : : (3)
xnl an xnm

st o, € {O,l%,z’xij:l’i e (1,2, ,nl
=

DPSO Hpz 7 i I A P2 14 22 2 [8] iy 45 1Y) 7
JE T2 PR TSR T B UE 1 AR AE, kL

¥ kW MR R INT
Y1 Vi Vim
v, 1/?] 1/?2 1/?, (4)
V. Vo b Vum
Heh vl e [~V s Vam Jie 11,201, j e

(1,2, ml w, WRE 832 0 S5 AL, 348 32 3 2ot

sigmoid pREFEIAL[ 0,1 ] - AMEFR(E.
1

1+exp(—1/;)

(2) KL F B A=K

K-V, SRR

v(1+1)=g(wev (1) +c, -1, (Pb,(1) —x,(1) ) +

sig(v; ) = (5)

¢y 1, (Ghy(1) —x,(1) ) ) (6)
RO X, B SRR .

[ R(O,1) <sig(v;(t+1))
xij(Hl)_{O others
X,(1+1) = h(X,(1+1)) (M)

Hrpie{1,2,,n}l,je 1,2, ,m|,t ki
FREHEAAREL, v, (1) AR5 ¢ EAUE
2, (0) ARLF5 ¢ RS AL E ,w e (0,1) 5t
K e, e, AT, ry,r, FR(0,1)3245[0,1]
ERIBEHLEL, P (0) AR f k HI e YOEAIE R B
PREAALE, Gb (1) R RHRERT ¢ YOk R B 42
JtR AL

PR g (v ) OV PR B PR ARE L s Vi ]
LN

k
Vm;]x Vl} >Vmax’
kN _ k _ <= k — 3
g(Vij>_ I/Lj Vmax\vij\ymax ( >
k
Ve v <_Vmax

BT RAT A 1 B A AT, A AN T L K %
ITIEE SR B B i K B B R R 1, 4
6 2 SR A A AT AT AT HR A

(3) 3 7 5 R K

EER e i) AR E PR O ) N 5 2 NS 2
32 IV JBE R BSOS Ay SROBL %0 o7 A ] A R

fitness (X, ) = I:l;'llX( CT))

HEA DPSO S i AR IR AN T

FB|L with Ak BEPLWI AR AL R BT kL 1Y
LB BT kAR E R X, A&, 2
SRR AN B Ay ol A AR - o 3 B L e /)N R - 1Y
(DA

W2 X T RARL T, AR R
ST A TSR 0 R

I3 RGBT B35 0 R BUE, A
(BN T IMAR S PO 5 1R 7B AR, DU SR A 1R e
PLE, A HAE /N T 42 Jay de D0 R 1 A 3 0L B8 (L, DU B

(9)

R hiE
F|A HBBE BB WA IR S,

5 B PR 2 AR EhAT
SRS Hn 1Y 2R d e o7 X 107 1 ) B 5
FENEMTTE, VAT 05 BAT 55 R

4 ETEERETRRBHUNEFTRATH

Hik

DPSO K fift {15 FAT: 55 I8 B ) L, H A 18 R a2
PR AE R R VA 5 L ISR A, (2 DPSO 5332
WAFER S AR i L LS R ETE 2 2 )
AR R M BRSO A o

DPSO B, L —3~or 5 A J32 1) BE T 2 S i
MOREF- R BB 22 T AR, BN T A9 2T 15
AP CBED Wy, (0) ) AMARIARIRE T (A
Tt e,y (Phy (1) —x; (1) ) ) ALEAL 2 i) (FL2xih
HIT ¢yry (Ghy(¢) =x,(¢) ) ) o DPSO i 1 3K =35 i 4
PRASORAE R T 1 TS 2, (H2 LA DPSO
DU, T AR BRI RE T AL 2285 SE (4 A R AE
T /0l A A A £ B IE S PME S g R R
. DPSO B3R F A2 S S I 517 SR s, 3
ARG (B AN 42 Ry B (X 46 KG9 51 T A



54

A S 2ot DPSO SR gl AT 55 1 i ] i 477

R TFU0E AR, 2 aX S 5 R 115 A 31 S i) B
B SEE LA AR AR A 5 T HLHEAS DPSO 34 2%
JEAT: 55 V4 J3E 1) Ak L 8 PR 91 b PRAT I ) e A
FEIE B WA kLT T i 0 0 25 X Rk A5 R
MR, S R BA BRAENE T E T2

DRI, 5 2% BORF #2357 (Ant Colony Optimiza-
tion, ACO) B, 5| AJETH B R 17228 3R W, il
PSRN b AR T S A R 1R B SE Bk
(DT , $2 R i) 2 EORE 7~ HE 53125 ( Modified
Discrete Particle Swarm Optimization, MDPSO)

4.1 BRNFHESWNBELINRMS

WORER e — MR AR A U0, e e 2 Ty
WHYFT o I IAE S FR B Y, A FO O o 1
HA e R — 25 BRI ATER %R
EREE R SR N, AR AR BRI R R R
Hri | 23 S A A - B I R R B AR 1Y
WA BRZE, AT S MORE: Ve F B R A . URES
T 0 FH BT 55 ] R e 0 ) — R B ot R gl
S TR AT IR B T SRS AR 5 B R R
155 B 53 Be 225 AL YT 3 E il etk .

P ICHE SR 00 T B HIORE 7 A 58 02 P R AT
G (1) F— R il — RIS, R 1) —Ik
AT ORISR — U R i R (2) R —
USRS BB 0 2 B, 78 A 0 I — IR PR 4R 3 1Y
B BRAR” RO E R — N ITR v A G W
AR EI—A B O AR T E B TR
N U R R B 2 22 53 s T S R B
F7 85 R R D S 0 il 08 5% P A2 I e P 28 5
F R B R A T AR

O e e
R BB B
7|0 1 0 0 T T T TI‘J
—
1 0 0 0 Ty Ty Tpn Txn
e \

BT | T 0 0 1 0 Ty T Ty Ty | HH
fir & — K
T:, 0 1 0 0 Tn T Tizs Twm

"
7-'5 0 0 0 1 TSI TSZ TS3 T54
-
) 0 0 0 %0 T Ta 764J
BEHkE— B R R

K1 DPSO 5 ACO Sk & 7 B &
Fig. 1 Schematic of DPSO’ s integration with ACO

BIRORL I 5 WO A R Rl G s B gl 1
KRB A 1 TC R R (B s
LHARE) B2 — 45 iR, i ot
RUE DB O R — UGE UG AR TE R
B 1 RAE B T E B R, SRR E B R M R
ARG R AR R VA L ARSIV QUL R S S
MR SR — R AT S0 R

PR, A SO T AR T35 B 2R 748 59 SR g, Ji ot
AR TS MERGEERAGELRBIAGER
FEIE AR S B R ME MR ETC RS 206 0L B 1Y
BRI AT RE R 6 AR B B 20 245 B A L 70 B 4
MRS A REL P R A5 78 S5, IR 1 1] L 52 g gl 2
FE b AR T 22 36005 S, 7T LURE S 530 1 B AR
TR, [R5 18 T e s (s 5 ETC FHFE, M M s 5
T RPN IR AR, S T A R AR E T .
4.2 MHENBEMNFEEEIN

A 4. 1 i o B, BOH ST 2R AR B A DPSO
SRERY LAY B oI AR5 B 3R 19728 5 50, PR ek
HESE R AR E AN 2 Pos , Hoh (5 B R A0SR A
AP R DL AR R T

(OWFEERTEHARX

()= (1-p) z(t-1)+Az(s),(t=1,2,--- Tter)

(10)
Hor, o (0) Fon s« WA U MRER 2 EE R
R, 7 (0) MKW Wk A B R B R B R
Me.pe (0,1) MERBRELHAT, Ar (1) N ¢ Gk
R RFAME BRI AR Trer Jy fe AR AR
BERMEFEERITE AL

N 0
Ar (D) =X (G F oy X %(0) (D

Hor, Q Fon (5 BRI, N W RUEE, X, (1) ki
Tk EE R A

(2) BRI R M A 35

ARSI A R P J&— > nxm BYFEFE , 7R KL
TALE A ITRIC T B, HOoo R Pd 9T A
EWoR

Pd;(1) =

(r,(1 = 1)) x (E,)*
(et = 1)) x (E,)?

Heie (1,2, ,n},je{1,2,,m} ,Pd,(1) W5
R AW NPT B VAR S VAN 1 WRGYal 2 1 AN e G WL 7
K, (1-1) A -1 WEGE B RN TR

(12)



fi

478

%

b H $31 %

E, R &5 R, E=1/ETC,E %714 ) 5
b P 5 O s o R (S B I T
FRLEE B R RS A, st n]

LI th P LA S P, = 1, TR P i
SRR B e 0T LB B A3
e B B

| BT \

v S PN
UK

N

v
TR B R Y
R 5 A Pd

FATRLT
e

N

\ 4
SEBRL TR
AL A A

KT .
RBEIE?

Y LA R VAN T

B 2B A

v
\ HE S
BT HRE] Y
A2 !
T TR AR AR
) Bt
DAk 2 53 A AL T
HEATAE R
BT y
AR ? 3
R
E B ERT A5

T L —

[

B2 dofE5a: MDPSO f i e e
Fig.2 The flow chart of MDPSO

(3) 22 5L

Ko frE X () BT 2R — TS5 15
Bt oL, Pd (¢) H I — 17 s — ML 55 7 B 51 4%
AR BT B BOHER DR X (0) #EAT AL 5715
B APHT AL TR0 X (o) LI A -

X' (t)=zeros(n,m) (13)

r=randsre( [ Pd, (¢) ,Pd,(t),---,Pd,, () ]) (14)
X, (1)=1 (15)

e X () TR AATEE R 0,985 LA P, (1),
Pd, (1), Pd,, (1) IR A AR 11,2, m|
R ABEPLEL o Bm BB Pd,, (1) |, BRI
X (o) WS CATRYES r SIOTER N 1,

AR kAR R Bk X, (), D EE 5
X, (o) W3 1 BE RS, JF Xk A & MR B AR
T R R R AT SR R A, ST AN T
if (fitness( X, (1)) <fitness(Pb,(¢)))

f

X (0)=X,(0); /FHRAFHE

Pb,(1)= X, (1) ; // EHRA AL E

/) SRR A SR A 3 N B A

PbFitness,( t) = fitness( X, (¢) ) ;

if (fitness( X, (1) ) <fitness(Gb(t)) ) ;

%

Gb(1)=X, (1) ; // T2 R &
/) B4 SRy e A3 oy A
GbFitness(t) = fitness( X, (1) ) ;

}
5 MEZREMEESH

T BRSO Y T R R R R R R Y
WU B HORL RS A PR BE , 2R T LU T O 5L 50 40
B OB A3 2 5 AR DPSO SE 45 R iy s e M
SRS, R e B (MDPSO ) 1 25 51 5 B AL
R L DPSO 1 ACO ik, UL K 28 i o i ik
Max-Min 1 Min-Min""" 553 (1 52 A 6] F1 28 455 17 285
A REHEAT T LR AT

K HISCERL 10 ] w8 5 32 A2 B0 . 52 50 BT it 19
Bt ETC P 5 7%, A AR EREHLS n 5 B, , H.
B(i)=x),ie{1,2,,n} , Hix e[1,$,),d, N
B oo R BUE G FE W A ETC,,, 56 B3 i 4 5K
ETC(i,j)=B(i)xx, ie {1,2,,nl,je{1,2,
e m R, Hoh o 1, $,) R BEPLEL,
ETC,,, 1o K HBEIEE N[ 1,,xd,) o X THL
1 ETC,,, HilE, fE5 M SRR H &, #HE, ¢, =
3000 FrRAT55 S A TR L &, o, = 100 FRIRAT 55 14
FREEAR; AL PR RE ) RAGREE e o, T E, o, =



54

A S 2ot DPSO SR gl AT 55 1 i ] i 479

1000 K7 AT SVERE R SRR E &7, b, = 10 FIR
AL FRAS A PERE Y A AL AR

M FEE SR EM T : (a)n=20,m=
6,¢,=3000,¢,=1000; (b) kL7 HEAHKE S H: N=20,
Iter=100,¢,=2.0,¢,=2.0,w=0.6,v,, =4; (c) WHf
K% Tter = 100, NAnt =20, p=0.02,a=0. 8,
B=0.2,0=200,

(1) FEE R MRE Mo B

FRGIR R E R IR TEA R BRI FhRE T
RIS R 22 e AR BE . SEI 7 ¥k X T AR R Y
ETC, 747 100 Yo~y 558 S5, B S A v ik
FPE IS 43 2R F MDPSO 1 DPSO A TAREE, 0 ¢4
U IAT B Y AT 55 56 BN [A) A9 2O A7 . 13K
SEATE bal 5E XK

bal = —

(16)

zMakeSpan
Forfrm g BEPRAT A5AH, bal € (0,1, bal {EHBURSR
AN BT B
SERAG B A
AL Hh 2R A&l 3 F7R

><106

G728 148 52 o 52 6 TR K

MakeSpan/s

10 20 30 40 50 60 70 80 90 100
The number of experiment
(2) WEEE
(a) Makespan

=4
o]
T

Load balance

0 10 20 30 40 50 60 70 80 90 100
The time of experiment

(b) TP E

(b) Load balance

B3 RRREIRIRENE
Fig.3  Stability of results

XS B A TS o b, A B A R 1.2
B . 1 100 data

B, ﬁﬂlﬂ%mﬁmxﬁlom limax(data) , Horp
data, 55 i KSLIRAS 3 19 45 R EHE , max(data) Ky
100 VRS2 56745 21 25 T8 b 1) B KB

# 1 MRS Hra R

Tab.1 Statistical analysis results of makespan
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Tab.3 Comparison of makespan/s

MDPSO DPSO ACO Max-Min Min-Min
H-H 3341915.03 3688056. 81 3494431. 48 3525850. 87 4872482.90
H-L 27590. 56 29375.82 28614.70 28232.23 40446. 25
L-H 95485. 56 100776. 84 100093. 50 102467.98 126848. 33
L-L 970.09 1062. 61 1061.42 1056. 89 1341.01
F4 REERNBOE
Tab.4  Comparison of load balance
MDPSO DPSO ACO Max-Min Min-Min
H-H 0.99255 0.93712 0. 94055 0.98229 0.69702
H-L 0.99330 0.92721 0. 93609 0.98621 0. 66938
L-H 0.98968 0.93713 0.95465 0.97734 0.73935
L-L 0.99156 0. 92980 0.94241 0.98517 0.73755
5 MDPSO G HABS: 2 i MO AR
Tab.5 The discrepancy of MDPSO and other algorithms
2 15 TR )R X e R AP JBE 4 RN A3 O
DPSO ACO Max-Min Min-Min DPSO ACO Max-Min Min-Min
H-H 9.39% 4.36% 5.22% 31.41% 5.91% 5.53% 1. 04% 42.40%
H-L 6. 08% 3.58% 2.27% 31.78% 7. 13% 6. 11% 0.72% 48.39%
L-H 5.25% 4. 60% 6.81% 24.72% 5.61% 3.67% 1. 26% 33.86%
L-L 8. 71% 8.60% 8.21% 27. 66% 6. 64% 5.22% 0. 65% 34.44%
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