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Memm;, and. indonmens

.................................................. % ‘

It IS thanks to these eccentrics, whose
behaviour IS not conform to the one of the
other bees, that all fruits sources around
the colony are so quickly found.

Karl von Frlsh 1927
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The histonical al;oxz. thm

At each time step t
for each particle
for each comp

update
the .
velocity

’ 2)(gd % (t))

then move  x(t+1) = x(t)+v(t +1)
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R and.om /mo:u'md?,

H#m/tmaléé/u'/wd => Biased
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M aths and Sfan amel

o This way
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oo/ ficient

G
V(t —|—]_) — @V(t) 4 ¢(q _ X(t))) USU@J Va&J&S:
- X(t+1) =v(t+1) + x(t) K=1
" WLé/L ¢=4 4
°
¢ =rand(0,¢;) +rand(0,p,) = @' +¢', => Y=0.73
_9. P+0, 9

swanm s{3&=20

hood. s{3&=3

forp >4

2K
9—2++p° —4¢
else \/K_A/On d.v
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" Move in a 2D section
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B?ond real numbers
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Y 7/4%644142: o/,ma.éoas

(coefficient, velocity)&welocity

=
(velocity, velocity)—— velocity - ./.

position, position)—>— velocity

(
(position, velocity )}—=— position
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bo Pseudo code ﬁnm

/velocity = pos_minus_pos(position,, position,)

velocity = linear_combin(a,velocity,,,velocity,)

\position = pos_plus_vel(position, velocity)
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Confinements

Fronkiers (ex . : intenval)
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The PSO Famc’%,

1995 1998
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® The thnee balls
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Think locally, act locally .-
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Adanbive coefficients
/L fus #,wlas /
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Adcyu‘lre swarm Si7e
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Enen ;[&5: classccal /Aocess

Rosenbrock 2D. Swarm size=20, constant coefficients
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Rosenbrock 2D. Adaptive swarm size, adaptive coefficients
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T he s[m/tlesé PSO
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Classical resulls

O/,L‘L'mum=o , dimension=30
Best result a%m 40 000 evalualions

30D function PSO Type 1" | Evolutionary
algo.(Angeline 98)

Griewank [+300] |0.003944  |0.4033

Rastrigin [£5] 82.95618 46.4689

Rosenbrock [£10] |50.193877 |1610.359

, P = R BN S . g . .
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Some small /Aoblems
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Yidiia

® /(/=1oo/ D=20. Seach .S/La.ce: [1//\/_]0
® 705 evalualions:
@ 631 90+16+54171+20+23160+38+15
. —

. B 12+48+13+51+36+42+86+26+5F+79 (=450)
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/Cna/tsa.c/z

/]

ywda"‘tfﬁﬁ
X; € @.N }

i?’ij:)Xi?'—'Xj

\” > x =S
A'=100, D=10, S=100, el fifprefn g
&70 evaluations:
run 1 => (9, 14, 18,1, 16, 5, 6, 2, 12, 1%)
aun 2 => (29, 3,16, 4,1, 2, 6, §, 6 26, S)

/
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/4/./.& brees

® Best ﬂos[h’on

Swarm 51:'3&:3

nl n2 n3

3 0 17
6 4 10
3 11| 6

[ 7 6
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f :(”1—”2)2 +(”2 —n3)2
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.Ezam/z.(e o//z,oscﬁon X = =(5,3,¢4,1 /6)

-OEx.a.m/z.la o/ V&(oat?,- V= (5/3)/62,5),63,7))

2004-12-15 Parkiele Swarm O/Légm,;saﬁb,,, Mawncee. C(mc@a/'m'éeﬁe, com

. ®
a
= ®
K
- @
= 9
L ®
= ?




Objective function value

3 10 1.3

Distance to a given solution
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Ecolo ;L'cal niche

Helero
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Pant 4.

Medical diagnosis Industrial mixer
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Salerno, J. Using the particle swarm optimization technique to train a recurrent neural
model. IEEE International Conference on Tools with Artificial Intelligence, 1997, p. 45-
49, 1997.

He Z., Wei C., Yang L., Gao X., Yao S., Eberhart R. C., Shi Y., "Extracting Rules from
Fuzzy Neural Network by PSO", IEEE IEC, Anchorage, Alaska, USA, 1998.

Secrest B. R., Traveling Salesman Problem for Surveillance Mission using PSO,
AFIT/GCE/ENG/01M-03, Air Force Institute of Technology, 2001.

Yoshida H., Kawata K., Fukuyama Y., "A PSO for Reactive Power and Voltage

Control considering Voltage Security Assessment”, IEEE TPS, vol. 15, 2001, p. 1232-
1239.

Krohling, R. A., Knidel, H., and Shi, Y. Solving numerical equations of hydraulic
problems using PSO. Proceedings of the IEEE CEC, Honolulu, Hawaii USA. 2002.
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/,/. licalions (2 )

Kadrovach, B.A., and Lamont G., A particle swarm model for swarm-based networked
sensor systems, ACM symposium on Applied computing, Madrid, Spain, p. 918-924,
2002

Omran, M., Salman, A., and Engelbrecht, A. P. Image classification using PSO.
Proceedings of the 4th Asia-Pacific Conference on Simulated Evolution and Learning
2002 (SEAL 2002), Singapore. p. 370-374, 2002.

Coello Coello, C. A., Luna, E. H., and Aguirre, A. H. Use of PSO to design
combinational logic circuits. LNCS No. 2606, p. 398-409, 2003.

> Onwubolu, G. C. and Clerc, M., "Optimal path for automated drilling operations by a
® new heuristic approach using particle swarm optimization," International Journal of

® Production Research, vol. 4, p. 473-491, 2004.

® oOnwubolu G.C., TRIBES application to the flowshop scheduling problem, New
L & Optimization Techniques in Engineering. Heidelberg, Germany, Springer: p. 517-536,
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Newonal nelwark

L anted R eal ouf/z.uf
oué/mé SL‘ g LLLL)

2
I
— Si 1 S I 1(t)
//LMS//L / ’ ’
nebions ~ . © ' N
T e

rkm(entryx ) |
k /‘_Si,P_ _Sli’P(t)_/

Funclion to minimise
E (E Enb tests)

x0-(5,0) | f(X)= “5 -S “

|S = (S Snb tests)
[S' ()= G0 S _ess 1))
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To know mone

THE site:
Particle Swarm Central, http://www.particleswarm.info

Kennedy, J., R. Eberhart, et al. (2001). Swarm
Intelligence, Morgan Kaufmann Academic Press.

Seé/ advert oo

Clerc M., Kennedy J., "The Particle Swarm-Explosion,
Stability, and Convergence in a Multidimensional
Complex space"”, IEEE Transaction on Evolutionary
Computation, 2002,vol. 6, p. 58-73
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Mone seé/ ad .

My PSO site: http://clerc.maurice.free.fr/pso/index.nhtm

I/ 7044 read French
lerc M., "L'optimisation par essaim particulaire.

Principes et pratique”, Hermes, Techniques et
Science de l'Informatique, 2002. Article de 25 p.

Clerc M., L 'optimisation par essaims
particulaires. http://www.editions-hermes.fr/fr/.
Parution février 2005
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PSO n the wornld
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eXtended Panbicle Swarms (XPS) /mo/'ecf
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:l.' MK PS5 Game - itzration” b 527 (bor
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B \@wﬁ — Parameters

PeekVar—— ,
Pks  P.j %_i Apersiiz
oy i i | M particles IW

H

ﬂl ﬂ Meighborhood——

" GBest
v LEoa —

— Pop. Best= 923 [found by Ladma]
Cycle 1900
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v(t+1) v(t)

yt+1)] [-1 1-9 | y(t)
Et;an values e, and e,

V(t+1)= av(t)+ goy(t)
Y(t+D) =- M)+ (5-np ()
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Consbriclion

Consbriclion w%’aﬁs

a+5-np+y(npl +20lan=sn—2py)+(a-5)
X1 = >
2—¢ \/¢ —@
_a+5-19—(np) +2¢(an-on-2p7)+ (@)
2+ p? —4p

X2

. e
29
= ®

K
= 9
- 2
= ?
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Conver ;&nc& enclenion

e -

;(161|<1 ;(1|<1
<:<

1282l <1 | x2e2] <1

4 5 6
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R obustness

Pmﬁamanc& ma/. :
Needed I berations(K )

Banana function
N=20, D=2, Init=2, Neigh=all, r=0.01

o 5,0
4.5
4,0 Iter
z5
=

m130-
m 100-150

f (X11 X2 ) — 2.0 @ S0-100

| 1,5 O o-350

1,0

100(x, — X2 )+ (1— x, ) i o3

0,0
- U:l-\. r\-\-\. l:l:l-\. l:h-\. D-\.
o o O O o~
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fi Each /.a/u‘l.cla ¢3 Cenbroids = gueens
PN wa;/u‘ed b;, iLs /1.:/:./. ° - fem/zmm;, new

| ® O "/zmﬁ'cles g
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M =X (-0vD
mi’j S {1 N}

\mi’j * mk’|
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Ma;c’c Sﬁume (2) .

435178
7533 64
54 88 30

D=3x.3/ N =100
10 runs - 10 solutions
13430 evaluations 18 25 50

325317
22 70 58 52 24 26
40 75 35
88 557
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NMon lnean s;;fem

|

(

X{ +X5-1=0
sin(10%, )—x, =0

7 run
) |1 solubion

143 evalualions

Seanch space
Lo,17*

10
runs ‘ 3 solulions
1430 evalualions
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: Madel/’fﬁ'n} (AR M A
s +AIC

Autoregressive Moving Average Wolfor Sunspot Data (1770-15689)
+ Akaike's Information Criterion

Zn:¢iyt—i :Zm:gjat—j

l

im

i=1

SWARMA(B,3) LSE = 14,969
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A bmm;, PSO C code

I%amaﬁ'on binks ane mod%d at random (f there has been no
L'm/moremenf

// Pivot method

// Works pretty well on some problems .. and pretty bad on some others
P[s]=P_m[g]; 7/ Initialise the new position of particle s
// at the position of the best known around

dist=log(D); // We suppose here D>=2
r=alea(l,dist); // Radius for DPNP
for (k=0;k<r;k++)// Switch at random some bits
{ d=alea_integer(0,D-1);

P[s1[d]1=1- P[s1[d1[d]l; 7/ Around g
}
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