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Abstract

Ant based clustering is a bio-inspired method for clustering. This method has some
interesting characteristic that has prompted special attention form the researchers in the
past few years. This technique has many parameters to tune, such as drop, pick, and radius
of perception parameters that have crucial role in performance and convergence of the
algorithm. These parameters are usually tuned with trial and error. In this paper we use
CLA-PSO, which is a discrete version of PSO based on cellular learning automata, to tune
parameters of ant clustering technique. To asses the performance of the proposed method,
we compared the proposed method with the only reported method for automatic adaptation
of ant clustering parameters which is based on genetic algorithm. Experimental result
shows the superiority of the proposed method over the method based on genetic algorithm
and k-means method.
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Algorithm Ant Clustering
1: INITIALIZATION PHASE

2: Randomly scatter data items on the toroidal grid

3: for each jin 1 to #agents do

4 i ;= random select(remaining items)

5:  pick up(agent(j), i)

6: g :=random select(remaining empty grid locations)
7:  place agent(agent(j), 9)

8: end for

9: for each it_ ctr in 1 to #iterations do

10:  j:=random select(all agents)

11:  step(agent(j), stepsize)

12: i := carried item(agent(j))

13:  drop := drop item?(f(i)) // see equation 2

14: if drop = TRUE then

15: while pick = FALSE do

16: i ;= random select(free data items)
17: pick := pick item? // see equation 1
18: end while

29:  endif

20: end for
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While not done do

For each particle i in CLA do
Generate a new corner of hypercube and go to that location
Evaluate the new corner of hypercube
If fitness(new location)> fitness(PB;) then

Update PB;

End if
Select LB; cells from neighbors of cell i
Generate the reinforcement signal vector
Update LAs of particle i
Correct out bound probabilities of LA in particle i

End for

End while
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Parameter | Antl-PSO | Ant2-PSO | Ant-GA

Kpick 0.025 0.062 0.062

Krop 0.062 0.625 0.187

o 0.46 0.375 0.375

Sigma 13 7 7

Step size 128 128 128

bl ?

sl odls gonadss sln 1) il wil S5 (25 5 CLA-PSO Lawgs ool sy sl el )l 2ads (o)) sl

b autrds 55 0,55 g CLA-PSO Ly ovel vy sl ol 5o Sl b jakaie cpl sl 0y 15 @ 55 5,500
gl gl 4 g0l (SKoews pin, sl GhlS a5 eyl o )ls 89 g die ol jo a5 (ISie ol s ools ples 4y Jlesl LB
5 CLA-PSO Lug o5 @ el 5l JSe ol Jo gl il asls b gl polie b ool g5 4y azgi b @ il )l

P90 S Axy9e A et lp pojolioe Cans Lot g iolel Sjgo 1) 1 g oS 0 Sl B o edel iy SIS a 555!

S 58 (oot A 55 SIEP_SIZE nas e J13 sl 5 4z 90 Xl (LAntz :70'375 =
O pt 0.46

)0.8151 |, ol Ant-PSO

ol Cewdy Sl 210N, b plp a5 128 L ply o )lse ples )0 asge Step_size a5 qaus ¥ isu alejl 1o o)l o265l

L8 2. /10N l{ﬁ‘ﬁLkui.%Loi plos )QLQA%)sA &lp l)step_size calize sla ool.:m.Lm/;;.ol)l,’ Jbesl &l y Jds e &

data
ool ools
@Ll))‘ )L..x.c ¥ )l K-means 9 (Ant-GA)QP}A ws) 9 (Ant-PSO) 0D 4.§|)‘ Lf"S) Ja..us.: ol r:L?o‘ 6.}...14.».»9} ‘Sll.)))‘ 6‘);
23l aile oolawl 0 50 Lre ¥ ieal 00,5 colaiul ools O unade> sl
S e ool wiies SOl bl eeolis 5l a5 Mol oL 4 s CBs psgie 90 ,Las ol s F-Measure.)
LA s.:91.'a.a )L:M u-" \ LY sSJb)J ).n|~.\.c.o S »))L) \ 9 O (_g)b:o..c 5)1.'3;.4: u.:‘
coay o M Coy o M

p(|’J):7 r(':])zi

nj n;
(0> +1.p( D)

b*.p(@i, j)+rd, J)
n, .
F = — F(,
2. rmax {F (i, )}

Fa, D)=

EWY 0wl Cews) | & ahs> sla ool olass i oS e ools slaws b Wlplp cud s 4 Nij 9 Nj 5 Ni (358 sledgo,d 5o
‘_g);‘ali g S0 pudlae (6 onies lid S 4 T 4P J s ENGT N i NS la ools slasi g ((gouadss wi 5Nl
ol oo oolaiwl D=1 5l dlae ol 5o il oo
2l T U 5 (gomaiss o,65) lawgs sael cusay) b ools (5 adgs a5 ail ¢l 4l,TV a5 0us 5,8 : Rand Index.y
S ol Y 4 Koy plade o0 ) g0 o (g)lade g 0ed se Gy Sl 4 Jlre cplials o plid | e osls IS A4S

a={i,jlU@)=U()HAV(i)=V (]}

b=A{i, JIUM=U(DAV()=V(]D}

c={i, JIUD=U(HAV()=V(])}

d={i,jlU@)=U(DAVI)=V (i)}

_a+d
a+b+c+d

il oo gl jao 4 Soop olael g S o adgi Y g 0y golael il )l opl s ENtropy.Y

(Y]

\4



IDMC'07
20-21 Nov.2007
Amir Kabir University

Py = (i, j)/ni
€ = _Z Pij log Pij

|
D en,/n
i
Slass 51 (5 adiss slo ool dlawd i3 N gNj g oibso | OIS 5T (5 adissd o S e gl ools slaws 1(1,]) T jo a8
Al g b osly JS

QY]
E

s (Variance) w955 (il yls.F

Vo= Z Z d(u,,i)? 0

ceC iec

il oo C 5 adigs slo ool 1 uKilie g o aligs (5 Acgazme (gabAls ;o oolatul 550 (5 alold b o35 4 g4, s C 5d
3l 00 s (gl JSB s LodIS Y [0 a8 sl o g0 g e0la VO slls 1 IS 1l ausle ooliiul 550 (5 00ls O
Y'Y 5 ECOliLY asb oo FFF 5 VYA lo ools slass b (oIS Y (gllog oo JoSid gams Y+ (5 ools PAY 51 :Wisconsin.Y
ools Ve sh:Datallf aib o ¥ 90 Ve YO DY YA NFY glo ools slass b (oMY l)ls g oo JSis gam ¥ (5 00ls
5(-5:2) 5 (5,2) (-5,2) (5.2) eha oeieo b g iy b oS ¥ 5 cosbe S5 &0 o ol o LS5 g T 5
A5 WV AV YAV WV Gyl a5 WIS # a5 ol gam 4 (g ools YT ol a5 Galss.d .l ooy s 2 ,Lxe 3l ,x]
ol 00 s il 0 00l

WSl andle) g 0 e ol (V) Jgo 2 .SL)) d o ple a0l gl il oals Jloyi oolainl 51 L8 ol plod ;o o ools slas
oo ooliiwl cwadddl g alols 51 Iris 51 pe a o ools pled (glp O o jlo (6 dmle gl il 0ads Jlo s yile ool Slael
Sygo A gy 90 o 40 aS b ools 4 alisly sl el il ool soliwl pwgienS (6 aold TS (g ool (gl g el
Sl o SIF Jgaz jo &l ad 5 1,8 solatul 0,50 LSS

Glieo o 0015 (gl p suualigs 4o colawl 050 b yiolyl :F Jgus

Q ppiy (Ant-PSO) | & (Ant-GA) | lo 1,55 slass
Iris 0.05 0.04 90,000
Wisconsin 0.6 0.6 540,000
Ecoli 0.44 0.35 350,000
Datal 0.5 0.5 150,000
Glass 0.33 0.33 300000
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Wisconsin k-means | Ant-GA | Ant-PSO
F-Measure 0.9699 0.6328 0.9557
Rand Index 0.9240 0.5278 0.8870

Entropy 0.1054 0.4021 0.1050
Variance 166.0238 | 260.7895 | 171.0297
IRIS k-means | Ant-GA | Ant-PSO

F-Measure 0.8478 0.8985 0.9472
Rand Index 0.8627 0.8807 0.9313

Entropy 0.2519 0.3207 0.2007
Variance 16.4638 16.7332 16.3139
Datal k-means | Ant-GA | Ant-PSO

F-Measure 0.9488 0.8774 0.9830
Rand Index 0.9526 0.9026 0.9834
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Entropy 0.1787 0.3319 0.0849
Variance 55.22779 74.0501 51.5061
Ecoli k-means | Ant-GA | Ant-PSO

F-Measure 0.6512 0.6749 0.7625
Rand Index 0.7991 0.7954 0.8696

Entropy 0.5156 0.6359 0.6057
Variance 38.0333 | 44.9740 43.6553
Glass k-means | Ant-GA | Ant-PSO

F-Measure 0.4333 0.4238 0.5040
Rand Index 0.6692 0.6321 0.5937
Entropy 1.0769 1.2043 1.1699
Variance 29.6713 34.7015 32.1147

anglie ;0 15 oo &l 39, YU bl rizren YU ooz oS oo Joe S5 o080l b )] sla el )b ks g 4z 550 £
A2 o lis K-Means |

Sy 5l ool 51 s CLA-PSO Lawsgs o] sla el sk 5 az 50 55 50 5 oolitul a5 sms oo L5 & Jsom gl

S5 Az VY

Az 90 €95 V5l souade> Sl )5 eolitul Gl g sumaiy> sla el b Gudai slp CLA-PSO 5l dlas pl )0
0,08l (e a5 gl Al (guk Az 90 sla el )b Gedal (Gl D990 g, L g K-Means L 1) mls § s )S eolau!
WY &L&b):;el)L.; 03 431)‘ gy &S REX P olis by anglin w;o)f dus lae A.:Ssa ool 4> g0 £ S5 5l S| S
A3l K-means sosaiss by, 5 Swih il Lawg sl Cawds (sl el )l b avslie 1o oYU S5 45 S o

&=l
[1] Aranha, C, Iba, H.; "The Effect of Using Evolutionary Algorithms on Ant Clustering Techniques”,
Proceedings of the 2006 Asia Pacific Workshop on Genetic Programming (ASPGPO06), pp. 24-34, 2006.
[2] Beigy, H. and Meybodi, M. R.; "A Mathematical Framework for Cellular Learning Automata", Advances on
Complex Systems, Vol. 7, Nos. 3-4, pp. 295-320, September/December 2004.
[3] Deneubourg, J. L., Goss, S., Franks, N., Sendova-Franks, A., Detrain, C. and Chr’etien, L.; “The dynamics of
collective sorting: Robot-like ants and ant-like robots”; Proceedings of the First International Conference on
Simulation of Adaptive Behaviour: From Animals to Animats 1, pp. 356-365. MIT Press, Cambridge, MA, 1991.
[4] Goldberg, D. E.; Genetic Algorithms in Search, Optimization and Machine Learning, Addison-Wesley, New
York, 1989
[5] Handl, j., Knowles, J., and Dorigo, M.; "Strategies for the increased robustness of ant-based clustering",
Lecture Notes in Computer Science, Vol. 2977, pp. 90-104, 2004.
[6] Handl, j., and Meyer, B.; “Improved ant-based clustering and sorting in a document retrieval interface”,
Proceedings of the Seventh International Conference on Parallel Problem Solving from Nature, volume 2439 of LNCS,
pp. 913-923. Springer-Verlag, Berlin, Germany, 2002.
[7] Hoe, K., Lai, W., and Tai. T.; “Homogenous ants for web document similarity modeling and
categorization”, Proceedings of the Third International Workshop on Ant Algorithms (ANTS 2002), volume 2463 of
LNCS, pp. 256-261. Springer-Verlag, Berlin, Germany, 2002.
[8] Jafarpour, B., and Meybodi, M. R.; "A Hybrid Method for Optimization (Discrete PSO + CLA)", Accepted in
IEEE International Conference on Intelligent and Advanced Systems, Malaysia, 2007.
[9] Kuntz, P., and Snyers, D.; “New results on an ant-based heuristic for highlighting the organization of large
graphs”, Proceedings of the 1999 Congress on Evolutionary Computation, pp. 1451-1458. IEEE Press, Piscataway,
NJ, 1999.
[10] Kuntz, P., Layzell, P., and Snyers, D.; "A colony of ant-like agents for partitioning in VLSI technology",
Proceedings of 4th European Conference on Artificial Life, MIT Press, July 1997.
[11] Kuntz, P., Snyers, D., and Layzell, P.; “A stochastic heuristic for visualizing graph clusters in a bi-
dimensional space prior to partitioning”. Journal of Heuristics, pp. 327-351, 1998.
[12] Kennedy, J., and Eberhart, R. C.; “Particle Swarm Optimization”, Proceedings of the IEEE International
Conference on Neural Networks, Perth, Australia, , pp. 1942—-1948, 1995.

4



IDMC'07
20-21 Nov.2007
Amir Kabir University
[13] Kennedy, J., and Eberhart, R. C.; “A Discrete Binary Version of The Particle Swarm Algorithm”,
Proceedings of Conference on Systems, Man, and Cybernetics, pp. 4104-4108, IEEE Service Center, Piscataway, NJ,
1997.
[14] Lumer, E. D., and Faieta, B.; 'Diversity and adaptation in populations of clustering ants", Proc. of the Third
International Conference on The Simulation of Adaptative Behavior: From Animals to Animats 3, MIT Press, pp. 449—
508, 1994.
[15] Meybodi, M. R., Beigy, H., and Taherkhani, M.; “Cellular Learning Automata”, Proceedings of 6th Annual
International Computer Society of Iran Computer Conference CSICC2001, Isfahan, Iran, pp. 153-163, 2001.
[16] Rastegar, R., Meybodi, M. R. and Badie, K.; “A New Discrete Binary Particle Swarm Optimization based
on Learning Automata”, Proceedings of International Conference on Machine Learning and Applications
(ICMLA2004), pp.456-462, USA, IEEE Press, 2004.
[17] Thathachar, M. A. L., Sastry, P. S.; “Varieties of Learning Automata: An Overview”, IEEE Transaction on
Systems, Man, and Cybernetics-Part B: Cybernetics, Vol. 32, No. 6, pp. 711-722, 2002.
[18] Wolfram, S., Cellular Automata and Complexity, Perseus Books Group, 1994.

1 Partitioning

2 Genetic Algorithm

3 Survival of the fittest

4 Selection

5 Recombination (Crossover)

6 Mutation

7 Particle Swarm Optimization

8 Artificial Life (A-Life)

9 Swarming Theory

10 Evolutionary Programming

11 Particle

12 Discrete PSO based on Cellular Learning Automata
13 Aranha

14 Scaling Parameter

15 Cellular Automata

16 Learning Automata

17 Cellular Learning Automata (CLA)
18 Variable Structure Learning Automata
19 Linear Reward Penalty

20 Linear Reward Epsilon Penalty

21 Linear Reward Inaction

22 Fitness

23 Precision

24 Recall

S



