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:
Initialize population (randomly)

Individuals (candidate solution)
Evaluation (fitness function) for all antibodies
While (termination criterion not satisfied)

Select (superior antibodies from parent
population)

Cloning based on fitness value
Variation operators on clones (Hypermutation)
Evaluate new generated antibodies
Selection of superior antibodies
Creation of next generation population

End

  
][][-

   -
  

][.

 -

 .

 .

 .
.

][.

 :

        

Tp,,,r,...,1

m,...,1
  

rppp ,...,1
  

   npnnTnp ,,1

 .  ) () (      
    n  

i
 .   
       ) (  

:

)(
ijnpanp

npanpnp

jjj

iii

11
11

   ) (
:

)(
ijnpb

r
bnp

npbnp

jjj

ii

1
1

1

11

) () (ab  
 .ab   

 .ab  
LRPba    

LReP  )b(    
LRI.

       
][.

 -:

  
 .

  
 .  -

    
  AIGA

][        
.

   
  

) (  
)Pm(    

"""""
".



     

 .  
     
  

    
 .  

.

 :

    
  -

.
    

.

    
 .

:
-.

-    
.

-
.

--
       

.

-.

-

.

--

.

-      

.

      
  

    
 .

  -
 .

  

       
.    

  
   

   
.

 -
  

       
 .  

) () (][.

)(
n

i
ixxf

1

2
1 )(

)(
n

i
ii xxxf

1

2
2 )10)2cos(10()(

)(
n

i
i

n

i
i x

n
x

n eeexf 11

2 )2cos(11
2.0

3 2020)(

)(
1

1

222
14 ))1()(100()(

n

i
iii xxxxf



    .

.  
  SAIS][  

BBCA][   
CSA][       ACSA

][  OAIN][   
  SGA][  -    

AISGA][
     AISLA][

  
  CAISLA       

.
  

LARP    a=b=0.01  
LARePa=0.01b=0.001  

 .
LARI  
a=0.01    

a=0.001    
    

 .
    

    
.

 :

SAIS
BCA
CSA..

ACSA

OAIN
SGA

AISLARI

AISLARep

AISLARP

CAISLARI

 :

SAIS..

BCA

CSA
ACSA
OAIN..

SGA

AISLARI

AISLARep.

AISLARP..

CAISLARI..

 :

SAIS

BCA
CSA

ACSA..

OAIN

SGA
AISLARI..

AISLARep

AISLARP

CAISLARI

 :

SAIS..

BCA

CSA
ACSA
OAIN.

SGA

AISLARI

AISLARep.

AISLARP

CAISLARI



   
   
    

.

 :

 :

 :

 :

   

  

   
-

 .     

    
   
     

 .

 -

     
        

 .     
    

  
    

  
      

      
 .-

  

    
 .

.



[1] Yong-Jun Wang, Jiang-She Zhang, Gai-Ying Zhang,
"A Dynamic Clustering based Differential Evolution
Algorithm for Global Optimization", European Journal
of Operational Research, Vol. 183, Pp. 56-73, 2007.

[2] S. Kirkpatrick, C.D. Gelatt, M.P. Vecchi,
Optimization by Simulate Annealing, Science 220, Pp.
671–680, 1983.

[3] A.R. Hedar, M. Fulushima, “Tabu Search Directed by
Direct Search Methods for Nonlinear Global
Optimization”, European Journal of Operational
Research, Vol. 170, Pp. 329-349, 2006.

[4] David B Fogel, and Zbigniew Michalwicz,
Evolutionary Computation 1 - Basic Algorithms and
Operators”, Bristol, UK, Institute of Physics (IoP)
Publishing, 2000.

[5] F. Herrera, M. Lozano, D. Molina, “Continuous
Scatter Search: An Analysis of the Integration of Some
Combination Methods and Improvement Strategies”,
European Journal of Operational Research, Volume
169, Issue 2, Pages 450-476, 2006.

[6] A. Hedar and M. Fukushima, “Evolution Strategies
Learned with Automatic Termination Criteria”,
Proceedings of SCIS&ISIS 2006, Tokyo, Japan,
September 20-24, 2006.

[7] J. Kennedy, and R,C. Eberhart, “Particle Swarm
Optimization”, Proceedings of IEEE International
Conference on Neural Networks, Piscataway, NJ, pp.
1942-1948, 1995.

[8] K. Price, R. Storn, J. Lampinen, “Differential
Evolution – A Practical Approach to Global
Optimization”, Springer, Berlin, 2005.

[9] A. K. Qin, V. L. Huang, and P. N. Suganthan,
"Differential Evolution Algorithm with Strategy
Adaptation for Global Numerical Optimization", IEEE
Transactions on Evolutionary Computation, 2008.

[10] Maoguo Gong , Licheng Jiao, Xiangrong Zhang, "A
Population-based Artificial Immune System for
Numerical Optimization", Neurocomputing, Vol. 72 ,
No. 1-3, Pp. 149-161, December 2008.

[11] Mohammad Ali Bozorgzadeh, Arash Rahimi, Saeed
Shiry Ghidary, "A Novel Approach for Global
Optimization in High Dimensions",  12th Annual CSI
Computer Conference of Iran, Tehran, Iran, pp. 1-8,
Feb. 20-22, 2007.

[12] G.N. Vanderplaats, ”Numerical Optimization
Techniques for Engineering Design with Applications”,
New York, McGraw Hill, 1984.

[13] W. Huyer and A. Neumaier, Snobfit, “Stable Noisy
Optimization by Branch and Fit”, ACM Trans. Math.
Software 35, 2008.

[14] D.H. Wolpert, W.G. Macready, "No Free Lunch
Theorems for Optimization", IEEE Transactions on
Evolutionary Computation, Vol. 1, No. 1, Pp. 67-82,
1997.

[15] J. Timmis, A. Hone, T. Stibor, E. Clark, "Theoretical
Advances in Artificial Immune Systems", Theoretical
Computer Science, Vol. 403, No. 1, Pp. 11-32, 2008.

[16] Dipankar Dasgupta, “Artificial Immune Systems and
their Applications”. Springer, Verlag ISBN 3-540-
64390-7. , 1998.

[17] D. Dasgupta, Nii Attoh-Okine, “Immunity-based
Systems: a Survey”. IEEE International Conference on
Systems, Man and Cybernetics, Pp. 369-374, 1997.

[18] Dai Yongshou, Li Yuanyuan, Wei Lei, Wang Junling &
Zheng Deling, "Adaptive Immune-Genetic Algorithm
for Global Optimization to Multivariable Function",
Journal of Systems Engineering and Electronics, Vol.
18, No. 3, Pp.655-660, 2007.

[19] X. Wang, X. Z. Gao, and S. J. Ovaska, "Artificial
Immune Optimization Methods and Applications - A
Survey", IEEE International Conference on Systems,
Man and Cybernetics, Pp. 3415-3420, 2004.

[20] Felipe Campelo, Frederico G. Guimaraes, Hajime
Igarashi, Overview of Artificial Immune Systems for
Multi-objective Optimization, Lecture Note on
Computer Science, EMO 2006, Pp. 937-951, 2006.

[21] M. Sheybani, and M. R. Meybodi, " PSO-LA: A New
Model for Optimization", Proceedings of 12th Annual
CSI Computer Conference of Iran, Tehran, Iran, pp.
1162-1169, Feb. 20-22, 2007.

[22] M. R. Meybodi, and. M. R. Kharazmi, “Application of
Cellular Learning Automata to Image Processing”,
Journal of Amirkabir, Vol. 14, No. 56A, pp. 1101-
1126, 2004.

[23] Vincenzo Cutello and Giuseppe Nicosia, “The Clonal
Selection Principle for In Silico and In Vivo
Computing”, Recent Developments in Biologically
Inspired Computing. Hershey, London, Melbourne,
Singapore: Idea Group Publishing, 2005.

[24] Jon Timmis, C. Edmonds, and Johnny Kelsey,
“Assessing the Performance of Two Immune Inspired
Algorithms and a Hybrid Genetic Algorithm for
Function Optimisation”, Proceedings of the IEEE
Congress on Evolutionary Computation (CEC 2004),
Potland, Oregon, USA, 2004.

[25] L. N. de Castro and F. J. van Zuben, “Learning and
Optimization using the Clonal Selection Principle,”
IEEE Transactions on Evolutionary Computation,
Volume 6, No. 3, Pp. 239-251, June 2002.

[26] Simon M. Garrett, “Parameter-free, Adaptive Clonal
Selection”, Proceedings of the IEEE Congress on
Evolutionary Computing (CEC 2004), Portland
Oregon, USA, 2004.

[27] V. Cutello, G. Nicosia, M. Pavone, and G. Narzisi,
“Real Coded Clonal Selection Algorithm for
Unconstrained Global Numerical Optimization using a
Hybrid Inversely Proportional Hypermutation
Operator”, 21st Annual ACM Symposium on Applied
Computing (SAC 2006), Dijon, France,  Pp. 950-954,
2006.

[28] Alireza Rezvanian, Mohammadreza Meybodi, "A New
Function Optimization Method Using Artificial
Immune System Based on Learning Automata", In
Proceedings of the 3rd Joint Congress on Fuzzy and
Intelligent Systems (IFS 2009), Yazd, Iran, 15-17 July
2009.

[29] Nitesh Khilwania, Anoop Prakashb, Ravi Shankarc,
M.K. Tiwarid, “Fast Clonal Algorithm”, Engineering



Applications of Artificial Intelligence Vol. 21, No. 1,
Pp. 106–128, February 2008.

[30] Leandro N. DeCastro, Fernando J. Von Zuben,
"Recent Development in Biologically Inspired
Computing”, IGI Publishing, Hershey, PA, USA, Pp.
104–146, 2004.

[31] M. Sheybani, and M. R. Meybodi, "CLA-PSO: A New
Model for Optimization", Proceedings of 15th
Conference on Electrical Engineering (15th ICEE),
Volume  on Computer, Telecommunication Research
Center, Tehran, Iran, May 15-17, 2007.

[32] F. Abtahi, M. R. Meybodi, M. M. Ebadzadeh, R.
Maani, "Learning Automata-Based Co-Evolutionary

Genetic Algorithms for Function Optimization",
Proceedings of the 6th International Symposium on
Intelligent Systems (SISY2008), Subotica, Serbia,
September 26-27, 2008.

[33] F. Ebdali, M. R. Meybodi, "Adaptation of Ants colony
Parameters Using Learning Automata" ,Proceedings of
10th Annual CSI Computer Conference Iran, Tehran,
Iran, pp. 972-980 , Feb. 2005.

[34] B. Masoodifar, M. R. Meybodi, and M. Hashemi,
"Cooperative  CLA-EC", Proceedings of 12th Annual
CSI Computer Conference of Iran, Tehran, Iran, pp.
558-559, Feb. 20-22, 2007.


