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  
                 . 

 (   )              
.                 

                .   
                     

       .           
                     
    .              .   

  

    :            

  
1   

    (VRP)     
           

            
        .   

       .     
         

   .        
            

          . 
            

          

           .
          

         
    .2      

          . 
3          

      4       
     .5     
    .6         

  .    7     
.    
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2     
          

       (Sheu, 2007 

a,b). Altay and Green (2006)     
   OR/MS      . 

        
          

   .  
             

              .
           

           
    .      

         
  (Caunhye et al.,2012)  .  

           .
          

   .       
  .         
            

    .       
            

       CPLEX    
         . 

          
            

        ) Berkone et 

al., 2012    .(    
        .    

           
          
     .    
           

             
 )  Ngueveu et al., 2010 .( 

        
          

          
     )  Jotshi et al., 2009 .(

          
            . 

           
          

            
             

   )Haghani and Chang, 1996( .
         

       .   
           

           
 )Barbarosoglu et al., 2002(.  

            
     .      

            
.         

   .         
           

  )Ozdamar et al., 2004( .   
        

         
)Sheu., 2007 a( .     

          
          

         
          .

          
           

  )Tzeng et al., 2007( .     
           .

          
          

           . 
          . 

     (   )   
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       )  
  (  )Chern et al., 2004(  .

            
          

         
       )Campbell et al., 

2004( .  
          

         .  
           

        .  
         

        . 
          

   .       
             

           
 .  

  
3       

      
              

          
         

   .      

        
     .     

           
           .

            
         

        .   
          

      . 1    
          

       .      
           
         ()   

       . ()  
          

    .       
         .   

 

4        
      

            
        

          
         . 

  

  
  

1.             
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41       
:       

:      
v:       

N   : .
1 2 3N N N N= + +   

1N      
2N 

   
3N       

  .          
( )1 0,...,N n=      
  

0 ,..., nv v v=   .  
iT   :       i  

     
CT     :      

  
:

ijt     ij  
it   :   i    

k   :  

iw  : i .  
  

    
v

ijx      :    ( )i j−

   v     .  
   .  

v

i
y        :    

  v      i  

iat     :i 
v

ilat   :  v    i   
 
42        

      
         

     :     
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 1        
      .2    

          .3 
            

  . 4       
            .

 5          
         . 6 
             

     .   7  
             

           
  .  8     

            .
 9          

    .     10 
            

       .  11   
           12 

          
     .13    

   .  14  15    
         .

 16     .  
  

43      
           

          
  11 12  15  .     

          
            .

          .  
  

1 2Z x x= ×   
1x    

2x .      
1x   

  Z  
2x     

   
1x     Z  

     .      
          ]14[:  
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Z x

Z M x

Z x M x
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≤ ×
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       

1 2Z x x= ×   
1x 

2x

 .           
1x  

2x     Z     
        .    

            :  
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1 2 1

Z x

Z x

Z x x

≤

≤

≥ + −

  

  
           11 12  15 

 .  11  12    
         . 

        v

ijx 
 iat       19  

20 .    
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    
 

  v

ij i ijat xρ → × 
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iat        

0

nv
v
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v v

x
=

∑         .    

    v v

ij i ija t xβ → ×  
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β

β

β

β
∈ ∈

≤ ∀ ∈ ∀ ∈ =

≤ × ∀ ∈ ∀ ∈ =

≥ − × − ∀ ∈ ∀ ∈ =
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       v

ijβ  
iat     

    v

ijx         
.   

    15    
  v

jy  v

i
y   ( )j iat at−

         21  
 .         

 21          .    

    v

i
y   v

jy 
           18 

  22        .
    ( )j iat at−     

         17   
   23       24  

 .

  
     

v v v v

ij j i j

v v v

ij i i j

la t y y

a t y y

θ

δ

→ × ×

→ × ×

  

)21(  
3

2 0
; , , ...,v v

i i j i j n

j N

T i N v v vθ δ
∈

 ≥ − ∀ ∈ = ∑  

    

 
    v v v

ij i jz y y→ × 
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)22(  
  

2 3 0

2 3 0

2 3 0

 ; ,  , ...,

; ,  , ...,

1  ;    ,  , ...,

v v

ij i n

v v

ij j n

v v v

ij i j n

z y i N j N v v v

z y i N j N v v v

z y y i N j N v v v

≤ ∀ ∈ ∀ ∈ =

≤ ∀ ∈ ∀ ∈ =

≥ + − ∀ ∈ ∀ ∈ =

  

 
 

      
)23(  

( )

2 3 0

2 3 0

2 3 0

; ,  , , . . . ,

; ,  , , . . . ,

1 ; ,  , , . . . ,

v

ij i n

v v

ij i j n

v v

ij i i j n

a t i N j N v v v

M z i N j N v v v

a t M z i N j N v v v

δ

δ

δ

≤ ∀ ∈ ∀ ∈ =

≤ × ∀ ∈ ∀ ∈ =

≥ − − ∀ ∈ ∀ ∈ =

  

 
  v

ijδ  
iat        v

ijz        .   

  
      

)24(  

( )

2 3 0

2 3 0

2 3 0

; ,  , , ...,

; ,  , , ...,

1 ; ,  , , ...,

v v

ij j n

v v

ij ij n

v v v

ij j ij n

lat i N j N v v v

M z i N j N v v v

lat M z i N j N v v v

θ

θ

θ

≤ ∀ ∈ ∀ ∈ =

≤ × ∀ ∈ ∀ ∈ =

≥ − − ∀ ∈ ∀ ∈ =

 

 
        v

ijθ v

jlat    
     v

ijz        
.   

    19  24   11 
12  15         .     

  
5        

  
           
  ) Eberhart and Shi, 1998( .   
      d xi  

  vi     yi      
     iŷ       

   .      
           

    .         f 

  xi vi yiiŷ       25 
 26    : 

ω   r1,j  r2,j     
 )0,1  (c1  c2       
           

    .       
       (j=1,2,…,n) 

        .   
        .    

           
          

         
          27  

 .         2 
.   

 
)25(  , , 1, 1 , , 2 , 2 ,

ˆ( 1) ( ) ( ) ( ) ( ( ) ( )) ( ) ( ( ) ( ))

( 1) ( ) ( )

+ = × + × × − + × × −


+ = +

i j i j j i j i j j j i j

ij ij ij

v t t v t r t c y t x t r t c y t x t

x t x t v t

ω  
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)26(  ( ) ( ( 1)) ( ( ))
( 1)

( 1) ( ( 1)) ( ( ))

i i i

i

i i i

y t if f x t f y t
y t

x t if f x t f y t

+ ≥
+ = 

+ + <
 

 
 )27(  

  
m ax m ax

m ax m ax

id id

id id

if v V then v V

else if v V then v V

> =

< − =
  

  

 
  
  

                                                         2.        
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5 1      
               
             

 .          
             

       .  
       .     

1  C1,C2     W    
 .   
       1.   IPSO 

50    

49/1  c1   

49/1  c2 

729/0   w 

  
5 2    

                
            

(0, 1 ]m e+ −      m     .
 .           

          
            

.   3        .   
  
5 3     

           
         . 
        
λ             

 .       

  
5 31      

           
 λ     λ11 λ01      

  ]17[ . 4        
 .  

10λ 
11λ      

 .  

  

 
                                                                   3.       

2 ر

1 ر
λ11

2 ر

1 ر

λ10
1 ر

2 ر

1 ر

2 ر

  
                                                   4.  λ       
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                                                                      5.  * 2-opt 

  
    λ         

     .
01λ   .   

             
 .  

11λ           
   .          

             . 
             

 .     
  

5 32        
          

   .        ()
    .       

 ()       .   
            

              
  .          

            
    .  

 

5 33  * 2-opt  

  * 2-opt       
           . 

          ρ  
         .  

             
        .      

            .
           

           .

      .     
            

)   5(.  
  

54    
         

 .  
  :      )  

  .(         
              

       .  
   :        

        .  
            

              
 .  

 

6     
        Kennedy, 1997)(   

         
         . 

   )      
     (        

        
 .       
   33    .  

         
         

 )x,y(       .  
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          
    .      

       .    
           

               
   .       33 

          
           

  16          
.    

  
61       

              
            

    .      
    2     .   
           

        Tightness 

80   .       
          

    .       
        .  

  
611        

           
     5      

 S04  .        
  Lingo  65    S13  

      PSO 2  . 
         

        4  
        

  .6      16   
   .           

.          

  

 2.     PSO           
PSO                
 

()  
    

 

   
() 

    
  

   
  

  
   

  
  

 
  

 
  

00/0  203/9 6/33   00/0  0 6/33   1  4  1  2 01S 

02/0  2098/9 67/76   00/0  2 26/76   1  5  1  1 02S 

01/0  3345/9 1/82   00/0  7 26/81   1  5  1  2 03S 

05/0  88/12 2/12   00/0  12 66/11   2  4  2  2 04S 

02/0  79/9 14/92   00/0  56 9/89   1  6  1  2 05S 

00/0  3/13 16   00/0  99 16   2  5  2  2 06S 

01/0  42/10 8/111   00/0  438 6/110   1  7  1  2 07S 

03/0  73/13 8/27   00/0  753 9/26   2  6  2  2 08S 

03/0  06/14 1/60   00/0  3600 2/58   2  7  2  2 09S 

02/0  33/14 14/75   00/0  3600 7/73   2  8  2  2 10S 

00/0  61/14 78/234   10/0  3600 2/259   2  9  2  3 11S 

00/0  67/20 18/311   04/0  3600 9/324   3  9  3  3 12S 

00/0  57/14 42/142   65/0  3600 55/235   3  12  3  3 13S 

00/0  91/17 71/190    3600    1  12  1  1 14S 

00/0  58/15 42/82    3600    2  12  2  1 15S 

00/0  03/22  28/28   3600    1  15  1  1  16S 

02/0  85/13  77/98   06/0  56/1885  5/107              
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 6.      PSO            

  

 
 7.    PSO            

  
         
           

      PSO   S16   
03/22   .       

            
           
            

            
 .           

  .   7    PSO  
    16      
 .  

 

62       
        33       

         PSO  
IPSO .    3      
PSO  IPSO  33       . 

             

       PSO    
   .       

        IPSO  
    .  

  

 621         
        
     2.00     

         
0.26      .     
          

         
          

        74/1 
  .  8  9    33  
           

          
     .  
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 3.        100    IPSO  PSO  33    

 33      PSO   IPSO0 
  

 
  

   
  

 
        

 
   

P01 4 50 4  94/78  14/81  76/0   51/75  26/89  00/0  
P02 4 50 2  81/113  33/68  78/2   74/110  83/81  00/0  
P03 5 75 3  75/111  49/97  00/0   96/113  84/109  97/1  
P04 2 100 8  56/152  75/123  52/1   28/150  72/141  00/0  

P05 2 100 5  57/187  23/135  57/1   67/184  79/192  00/0  

P06 3 100 6  54/131  50/126  07/0   45/131  81/140  00/0  

P07 4 100 4  00/150  85/123  48/0   3/149  34/142  00/0  

P08 2 249 14  90/587  28/308  28/1   46/580  41/409  00/0  

P09 3 249 12  38/523  69/297  22/1   06/517  11/360  00/0  

P10 4 249 8  79/557  53/299  00/0   97/570  48/385  36/2  
P11 5 249 6  50/589  40/316  00/0   88/591  29/416  40/0  
P12 2 80 5  96/367  87/108  82/6   47/344  16/137  00/0  

P13 2 80 5  69/372  06/107  53/6   84/349  84/149  00/0  

P14 2 80 5  35/375  06/108  46/3   78/362  26/137  00/0  

P15 4 160 5  78/583  78/205  12/0   07/583  15/287  00/0  

P16 4 160 5  01/585  11/204  54/0   89/581  30/268  00/0  

P17 4 160 5  67/567  87/203  25/0   26/566  95/284  00/0  

P18 6 240 5  33/753  57/307  00/0   55/756  67/402  43/0  
P19 6 240 5  86/769  72/302  04/1   96/761  81/403  00/0  

P20 6 240 5  21/779  42/305  71/2   63/758  60/450  00/0  

P21 9 360 5  56/1000  72/459  00/0   79/1017  14/615  1.72 
P22 9 360 5  53/967  28/463  13/0   29/966  72/601  00/0  

P23 9 360 5  58/1055  35/465  53/3   6/1019  22/601  00/0  

Pr01 4 48 1  43/363  08/79  86/7   95/336  02/139  00/0  

Pr02 4 96 2  74/364  31/146  62/1   93/358  65/255  00/0  

Pr03 4 144 3  62/502  35/215  42/0   54/500  35/356  00/0  

Pr04 4 192 4  17/472  35/280  45/1   43/465  99/478  00/0  

Pr05 4 240 5  83/456  37/344  00/0   51/464  50/563  68/1  
Pr06 4 288 6  82/509  72/403  20/3   03/494  99/678  00/0  

Pr07 6 72 1  52/425  94/108  62/9   19/388  14/220  00/0  

Pr08 6 144 2  76/457  62/204  98/4   05/436  78/354  00/0  

Pr09 6 216 3  11/477  89/304  43/1   39/470  38/811  00/0  

Pr10 6 288 4  22/20896  28/407  65/0   54/450  78/699  00/0  

     10/480  69/227  00/2   04/473  29/337  26/0  
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        PSO 
62/9      Pr07     
  IPSO 36/2      P10 

 .     4 3     
IPSO       PSO  .

          
           

      Pr09    
       38/811    

       89/304    
    .33       

        6/109   
          . 

 

 
 8 .       PSO  IPSO       

 

 
 9.     PSO  IPSO        

  

7     
          

         
         

           
        .    

    .     
          

       .   
         

           .
         

         
         

   .       
        

          
         PSO  

IPSO     .       
       λ  

         
    .    
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