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Approximate Dynamic Programming Based Parameter Optimization of
Particle Swarm Systems
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Abstract From the perspective of optimal control, parameter dynamic optimization of particle swarm optimization

(PSO) is addressed in this paper.
conditions. First, to overcome the “curse of dimensionality”, a novel swarm approximate dynamic programming (SADP)

This work is based on a type of simplified PSO and corresponding convergence

is proposed by introducing the heuristic stochastic search mechanism of swarm intelligence. Second, grounded on SADP,
parameter dynamic optimization and computation are studied in detail for a deterministic PSO feedback system and a
stochastic PSO system, respectively. Further, numerical experiments are performed to show the effectiveness of SADP
in parameter dynamic optimization of PSO systems through computing optimal dynamics of acceleration coefficients, as
well as comparing the optimized strategies with a time-varying acceleration coefficients (TVAC) strategy based on several

benchmarks.
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€ PRSHRS . RHPIRZAL T “UgB iR AL BAR
SHAL, VHEAT BN RPARESHAR 1B :

XH:Euﬁﬁ:/ﬂmemw (23)

WI& 3. X PSO 3h& RGHATHA S KA
1k.

I 3.1 MRS R intL. w SCIREA &
X (s) XN R EEAR PS, ki (i = 1,2,--- , N)
ALE 2 (s) R AIRE X (s) WHIN T R G M5
W AT B SRS, oi(s) = ua(s). B
HL ) B AR T vy (s) o SOk X s R Y A, R/
v;(s) = Duyi(s).

LI 3.2, MR E X, 347 KA, I0EEA
KFERE X(s), s = 1,2,--- ,n, FIHR (24) ¥HAT
HAES u, € Qap KAL, 13305 6 S0 .

jt+1(Xt(3)) =
min {[Obj(X(s)) + %’ﬂt|2] +a- jt[XtJrl(s)]}

u €EQap

Gl
min B{Ob(X()) + gul -] + T (X1 (5))

(24)

FIR 3.3. B¢, 2 AIXHEEARARIRES X (s),

s=1,2,--- ,n, fEAT W u,(s) € Qap WIATH

T w (s) BRI SRR, Tiokia (i = 1,2, - -,

N) {138 R LR A B sl 5K (11) SRsEH.
XPBORE 4, 38 WY BEPEA R B0 K

FI(u (s, k)) =

min
ug,i(s,k)EQap

S0 D]+ s LT (X (9), i, )]
(25)

{10bj(X(s)) +

Horh g, R S AR A A0 3.

$1B 3.4, Lk = k+ 1, BATRAETI
B Mk = Cuax B, EERGA KX BTA RAR A
Xi(s), s = 1,2,---,n 193] 7 i 7 ok w
y (s), RN w(s), HEH R HITNE M2 4, =
[Ge(1) @ (2) - dy(n)].

TEBY B ¢, ARk Uit n s AR 7 51 4, (s) =
{ag(s), wi(s), - ,ar ,(s)} KIRG A, K
JLA7 i OF ST o O 7 RO SIS U 4% 4 RS, XY
Ji(X(s), s = 1,2, n Fll FH £ ¥ 4 {2 U5 6L 45
FFTARAS X AR R EUE, AT SEIR A AR
MR T, (X)) (SEHT (R P27 2]).

PB4 Se=t+1, EEPE2 APKS, A
Z | J1 (X) = J(X)| < e, KL, Hh e H—A
TTEIIESL, TRA J(X) — J(X); 808 42
Gt = Tonax B, BVEZE. S SR 675 4
= [a;(1) @;(2) - G (n)]".

LB 5. XA B REETS ) BT R
50T, 13RI N S8 BB AL, HAER
PSO SRS HRA B B K.

3 HEXESSH
3.1 #T SADP WkE#l PSO RESHEMIL
hE

& (16) A1 (17) HARBEHL PSO R4,
LA 9 S —ANEXIA] (0, 1) ARSI 54 (bt
AR R, 4 w = 0.5, RGEAHE N

1 05

X p—
. [0 0.5

1
Xf—i_’l? [ 1 ] Uy = T(Xtaut7ﬁ>

(26)

RIE RS MBS0 < ¢ < 2(1 +w), 0 <
w< 1, TR ¢ (w = 0.5) < 3; HINHL, 5%
il SR G A A Qap = sup(Juy|) = 3|y

TER G IVEReabrE S, AL 1 LR
BEUE R B H AR ek 5 Oby .

SCEOHE TR 1 6 BhEAE R B, X —4E
PSO R utAT i ml ki, Wb His p =
0, Hy, = 2, — p = z,. SADP WSE & E W T:
T B RS IR SK AR AR RS N = 50,
TR AR R AIEAR S Crax; BHERCE w 138
Bl BN [Wimin, Wmax] = [0.2, 0.9], JFHAE 100 &
AR v R FH e Pk D 1) SRS IR ¢ =
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ey = 2.0. RANEMRNIBITHRERXRE TI =
1000; F— IR AFRI 1) 2115640 18 2 B KB B
t = Thax = 50. BHEFHRNRE— B RFEIR
ANEH n =1 WURZITFEPEFHNET o WE
Mo =0.99.

R IR ML b 2

Table 1  Benchmarks for simulations
PR R B S R[]
Sphere fi=>71 a2 [—2,2]
R
Griewank 2T o ! [—2,2]
[T7=y cos(F5ai) +1
Rastrigin fs =21 [#? —10cos(2mz;) + 10] [—2,2]
fa=—20exp(—0.2 DR
Ackley - \/ 1) [—2,2]
exp(+ Y7, cos(2mx;)) + 20 + e
2
Michalewicz  f5 = — 37, sin(z;) sin?* (=), k =10 [—m, 7]

fo =31, (X F_, max[a® cos(2mb* x
Weierstrass (g, 4 0.5))]) — n 3 F_, max[a* cos(2nb")], [—2,2]

a=0.5,b=0.3, kmax = 20

SZEG KL T Matlab 7 {5 6. R LS
WE, 75015 2 JE T Sphere HEL (f1), Griewank
PREL (f2), Rastrigin B3 (f3), Ackley PR3 (fy),
Michalewicz ER%L (f5) F Weierstrass BEL (fs) 1
PSO ARGyl g R, WA 7 g Rk 1~
6 . Foeas BRI L . S DA bl s
T LA T SRS UL 5 it 2R R GOIR A B A

WE R G BRI wy = — @y, NATEAL
L MBS S, 23 AT BB & e B PSO &
G PP SRS U A £, I bl ek Bk ik

u*(fi) = —1.71x, u*(f2) ~ —1.78z
w(fs) ~ —1.45z, u*(fi) ~ —1.38c  (27)
u*(fs) = —1.61z, u*(fs) =~ —1.56x

TR (27) &5 ML ANl & 4 R 2 RS 1, W]
M PSO SN ZHpntb s g, It HixZ iéﬁl
EHEA RS T R RFEAAL. B 1~
TR 2 n] DU 31, B 4 %5%5/]‘{?@”
Ry TR R 4 R A AR B INR 22, D T RES
75 BB AR 10 e e 7 I B, )75 A8 P S e
RIARZe LG R BT I DU & XL, L= 2R3 o
KU ARAE RS ik, P e i & 45 R -
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7 30, >
020 =
[
10,
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Fig.1 Simulation results of Sphere function
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Fig.2 Simulation results of Griewank function
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Fig.3 Simulation results of Rastrigin function
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:ig u*(fy) ~ —0.032° + 0.0422 — 1.67z — 0.04
S 140l W p\‘ m 2 u*(fy) ~ —0.042% — 1.75x
8130 MMM M M w e u*(f3) & —0.012° + 0.042% — 1.22z
” ’ w(fa) ~ —0.22% + 0.022% — 0.9z — 0.22
2 g, b2 2 1.t 2 uw*(fs) =~ —0.032% — 0.012% — 1.44z — 0.07
(a) Cost (b) Optimal control strategy
6 5 Polic 2 T u*(fs) =~ —0.022° — 0.062> — 1.51z
IR . EET R (28)
5?2 =] [ S— WA w, = —ppr,, RREEIEFIHIR (28) HI4E
= £, SRR BHC op. AH AT T 0 R 7 RO )
B 5 R AR 6 R 2, VA B U Z0 A e RS
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Staget
(d) System states trajectory
4 FT Ackley MEUILALI PSO RETH 4R
Fig.4 Simulation results of Ackley function
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Fig.5 Simulation results of Michalewicz function
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Fig.6 Simulation results of Weierstrass function
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x X DY R T S ey, SR 5 AR A P 45 0 oK i
Uy = — Py E@%ﬁ, DL SR 3l 25 T 4 © 1. [F] 2,
AR S AR G 1 OC R AT S HL o MBI
WAL G, T4 4 A S Bl S 00 P S 4l . i w]
AT $2H) P SI2 56 15 380 B 2 e DAL A2 T 5 S A3 AH B
KAEZIE o 4.

3.2 tbESR

AR SE 2 WA S BT T VR A R,
B9 S U A T et SRR, 560 SR YA T o 3 BT 2 s 11
PSO AL PERE. X SE 3045 2 i S s il 45 51, 430
KHLHERLA . AL (S Rihg) BIA LU BT
s AR O S ME AR 1 77 XA B S HU I BB 2
B, 23 AR T ix e g RBCE T AT PSO Sk,

75 R ERAR O BLSE B R, SRR 1 rp i o
H, F I T AN IR R 1 SRS 1Y) PSO Bk AE
(33 AR JE 390 -2 J 81 1 o O A - 3. v
WHFEE ERE w, b TEF L, Az
PSO SRR AW HBEAE, Bl w = 0.5. RH
FERIFRICRI AR T5 2, A S — B N = 50.
3R PSO A CHEIT 50 IKSERS, Siih T
B, 5 PSO-TVAC 76 AN 5] 10 i PR 7 ¢ &
T (PSO-TVAC': ¢, = ¢; = 2.0 Al PSO-TVAC?:
c1 = 2.0 — 0.25, ¢, = 0.25 — 2.0)4 52K F i
PGS R UAT L. S SEAEIR B kAR S T, £3
N 2 P ELLE R

MR 2 MR DLE T, FET3R 1 10 6 Al
PR B ARG I 8, SR FH AR S5 1043 B R g I8 7 3 2
AR PSO Hik Bk B RAT S —Fhah & ik K
TORLRESLVL (PSO-TVAC?) HIM4MITERE, 1245 B2
BT B HU I P A2 T S AT e M AR A T A A 2
HOM AT, ASCT7 R T % Rastrigin i £045 21
L PSO-TVAC %7 (1 45 B4, o I A ok £35S
T PSO-TVAC S Ui AR, ANk, 5
T 2 P AL A R = A 1 B N R T B A R
T A3 2 (0 0 Ak &5 SRR AN R ER AR IS5 PR 42 T S mes
P I T LA R A B R AR A 13
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*2 (IEERE (CFmIE)

Table 2 Comparison of average results
PRI AH (Gnax) FLVEH PSO-TVAC! PSO-TVAC? ety =kIUA B BB A
f 30(2000) [—100, 100] 9.383E—24 1.755E—-25 7.993E—22 2.524E—-23 1.645E—-25
f2 30(2000) [—600, 600] 0.142 2.651E—-02 0.107 7.349E—-02 3.196E—02
f3 30(2000) [-10,10] 32.79 2.408 36.55 12.39 5.617
fa 30 (2000) [—100, 100] 6.883E—09 2.147E-12 5.153E—-07 3.452E—-09 9.679E—15
s 30 (2000) [—7, ] —17.06 —24.41 —19.28 —25.21 —25.74
fe 30(2000) [—2.0,2.0] 3.481E—-08 3.146E—10 7.526E—09 1.567E—10 4.184E—-11

BRI AR 55 52 B 1) e Dt Bh A E5edls 2 T A e —
FE MR ZE; AR ZE BN B R E, T AN R 1 B A 21
PEAC R 22 BRI B AT 2, IX 536 2 i &
B NY/EE

MK 2 145 Bk n] F R e i R
(PSO-TVAC! MZMEAE) Fridai AR ZE.
FLYLHI A, ASEE R H 85X B Sphere, Ack-
ley 1 Weierstrass &AM A0 45 SR ABAN 1 BLAL,
Rl 5t Rastrigin pR#L, 45 31045 R ZE, Xn]
SR E PAHENE w = 0.5 AR, M58, AT
TEEH RN R G B FIRH A X PSO 41
FIASPA B E BT IR, 1E U B AR 3, X
TSR E T — BRI

4 g

A SR AR RE 5 I NIT A AR B,
FE - FH R A B A MR L SADP, JE AR
e AL B A A, WL T ORI S 2 3 7
Pt . 45 SADP #tit LA PSO ZE M sh &1L
AT SRR, SREL T 3E M AL A A AR B, B Py
e RGOl 2 T W22, SR 4R R W]IX
SN R R R AR e — 2EANRISE . AN, A
SCUIMEAL 2 B B O H K, TIORLAE 2 504 5 X G
JEEERIFA K, THE R W L iR I
AL HAT B B AR T T S AR L. IR iR 12, A
TAE BT ML KR A X PSO 251K )
ST, 22— P 2k 5 T AR R,
b, SRIBGIABL AT A AR B 24 5 A PR, i bt A2 R o
FARTEAFER TR RIRTT S0 5E. 299R, AR
S0 R P $ T T REA T S A0 B8 ¥ 1 4 EURIE
TARZ A, i Z X6 Sk (B SO sl 3y P 5 s
T EAT A% O UE ], Xt 4 Jim i B85 T 1K 7 ).

ARSON ACRL AT (A B 2 DUAL R AR SCHIE FL 2 5 T
FAANOREAE — 4 [A] RAT B B RS X I T i P
IR, K 22 AR SRR il LA fift 2 ) o 45 A 4 2
] JEAN R AL, SXAEAR T BE X SR A eI AR K

(RIS, It R i S AR 20 SR AN R B A £ i I
DRI, AR S B fr) SR i R AP, 5 2 S BT A Y
RS0 1) LREAT A R, AR A 70 BRI T 10 4 1
(] $5 N AR SCHR R PR 3, AR N PR AP R S0 ER ot
L5 SEHURE 2 A JE ETU T ). Bedh, ARSCT R AE
SEPPRESE E A T SO AR 5 A sCBEA UL AL AR 1 71
VRS WAERIIL TR, DR, BICRERE DAL 55025 10 iR
IEA T R, IR AL TIOR3 AR S8 B PR MR
fredes JHT S AT AT SR B SRS, X
2 HARILA I TICKLAE 22 Z8EL 2 00 Al % SR A4 fie
RGBS IACHTTTRE, Rt — R B S UG,
W 25 B AR, Rt ARSCTAR X ik
RAE R GEEAT I BB AP AT 2 22, 20 iR
AR AW GTI — R0 IR R AR, 15 7 21
SR SIS AR KIBE 5 AT B B 5 a7
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