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  

                  
                    

                   . 
                 .   

                    
                   .

   .                 
                  . 

                
               .    

                   .
            .  

  

  :                
   

  

1   
    )VRP

1 (  
     .      

           
         
        

          

          
   .        
          

           
      (Dantzig et al., 

1954) .  
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          
             

        
         

  ...       
         

          
          .

      .    
           

          
) HFVRP2  (      

       
         

)SDVRP
3  ( (Hoff et al.,2010).    

         )i (
       SDVRP  VRP 

   .  SDVRP   
VRP       VRP      

Np-hard  (Toth and Vigo, 2002)   SDVRP 

    Np-hard .   
         

         
)sites      (     

          
 .        

      .    
      VRP 

    ()    
   . 4  VSD    

            
         )

           
          

    (     
  (Sniezek and Bodin, 2006) .    

           

            
          

   .   
 
11      

         
          

       50     
            

      .    
          

        .  
      SDVRP   

            
        .50 75  

100            
(Nag et al., 1988)     .   

SDVRP      ) PVRP
5 (

      SDVRP    
  PVRP      .    

            
        VRP    .

          
SDVRP  SDVRPTW

6       
  .        

         
           

 SDVRP        
  (Cordeau and Laporte, 2001).  
         
            
      )PVRPTW

7 
MDVRPTW

8  SDVRPTW (  (Cordeau, et 

al., 2004)         .    
 SDVRP        

       .    
             
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            .
         

           
       )

    (         
           

   9  VRP    
   .      

            
        

(Chao and Liou, 2005) .  
        

     SDVRP   .   
           

           
   .      

ALNS
10            

 :  CVRP
11 VRPTW MDVRP 

SDVRP OVRP
12         .
   PDVRP       

         (Pisinger and 

Ropke, 2007)  .   PVRP  
        

           .
        

SDVRP       PVRP   
         
 (Alonso et al., 2008) .  

        
SDVRP          

             
          

           
 VRP         
         

           
        )

          (  
   VRP        .

             
            

         
        

           
      .     

        .   
            

         
          

   .       
        ()   

         
           

    .     

2        SDVRPTT  

21  

     VRP     
           

          
         .  

         ()
      .   

            
           

         
          

         
            

   .       
         

            
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         .   
           

           
   )   .   (  

      :       
           
  .         

            
)       k   ( .

         
     :      .

         
          

   ...          
       .  

         
  )  (       ()

           
        

     . 

  
22      

        
)MIP

13    (      
1  .  
 

 1.      MIP 

     = 0,1, … ,       
)  (   ⊆  ∗         

 = 1, … ,4      
   = 1, … ,        

Aj        
)  j)  (j∈ (  

fK      ) K(  

     ) K( 

CK      ) K(  
qj  )   j ( )j∈ (  

     )i  ( 
)j)    (K(  ∀,  ∈ 	,  = 0  )     j  (

)  j∈   (S0=0  
TK       

)  K(        
)  K(  

  
         2 

.  
 

 2.      MIP  
   

 

  

   K )  i)   (j   (1 
      0 .  

)∀,  ∈ 	, ∀ = 1, … , (  

 

                 K 
               i     )

(  
)∀ = 1, … , 	, ∀ ∈ \0(  

  
2 3       

      :  	 ∑  ∑ ∑ , +∑ ∑  																			 	  
)1(  

∑ ∑ , = 1												∀ = 1,2, … , 	∈   )2(  ∑  -∑  = 0		∀ = 1,2, … , 		 	, ∀ = 1, … , 	, ∀ ≠  = 0,1, … ,  
)3(   −  +  ≤  − 			 	∀ = 1, … , 	, ∀, 	 ∈ \0,  ≠ ,													 

Such that: 	 +  ≤  

)4(  

 ≤  ≤ 			∀ ∈ \0	,  = 1, … , 					 )5(  ∑  = 0 							∀ = 1, … , 	,			∀ ∉ 		  )6(  ∑ ∑  +  ≤ 		∀ = 1, … , ,   )7(   = 0																								∀ = 0,1, … ,  )8(  
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 = 0,1				∀ =  = 0,1, … , 	, ∀ = 1, … ,   )9(  

  
 1         

   )  (    
    . 2      ) 

 (         
   . 3      

      )    p (
        .  4  5 

           . 
=1    )4 (      

       )  5 (
   .     6   

   ( )      
           

       . 7  
           

         
  . 8        

 .         9  
   .     

         
        

          
         

            
    .   

        
 .        

       
          

          
    .       

          
     .   

             
           

          
           

        
  .      

 
3       

  TTSDVRP  
        

 )ACS
14  (       

 )AS
15  (    .   

       AS  
    Doringo and Ganbardella, 

1997)(  
 ACS      

         
        .  
           

  .        
           

  .       

          

   .     

        

      .   
          

            

      .      
         

          
  .       
:    

1 .         
       

2 .          
      
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3 .          
    .   

       
           

               
      ) 16  (

             
           

          
          

         .
  .      

  :     
        

        .
          

          
           . 

          .
        

         
           .

       
   .   

  
3 1       

           
)  i   (   

    )   i    (
           

          . 
           

        
       10   

:   = 	 			 					∈   				 )10 (               

           

       10        
)   i . (     

         
    K      . 

             
         

   .  
  

3 2      
         

)   j   (     
         

           
  .      

)      i-j (   
)  i-j      (   . 

          
     )   (
 )    i-j-k     (

)  i-j   (      
 k    .  

  
3 3     

        

            

            

.          
     .    

          
            

           .
         

)   )     (i-j  (
  k    11   :    =  							 )11(                                              
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34     
    k )   i ( 

           	  
            

      .    
           

           
         . 

         
         

 12   .  
   = 		 ∉∈   		:  ≤ 		  )12(  

  

          
        

       	     
       j    13 

     .  
  

 =    
∑   

∉∈
∉		:  > 		  )13(       

                                     
     12  13     

 :  )     :i-j  (   k    )    :i-j  (   k    
βα  :     

            :      j   
 k    i  .  

 j     :  
1(  j       .  
2 ( + ∑ ∈ ≤        

     k     i   
.   

 3 ( +  + ∑ ∈ + ∑ ∈ ≤               k   
  i .     

4(                                          k	∈    
q0  :       

     ∈ [0,1] 	)   
     (.  

  
3 5    )L-S(  

            
           

          
   .      

          
            .  

         
          

   :  
L-S1 :        ) 

     (     
          

         
           . 

         
          

           
.    

L-S2      :     
            

          
          

     .     
           

         
           
 .   
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      1        
)L-S2 L-S1   (     

    .   
  

   
  

 1.      
  

L-S3   :       
    2-opt      
   .  

L-S4     :  (  ) 
            

          
 )   (       
  .            

        (  ) 
            

          
            

    .2      L-

S4        .  
  

 

 

 

 
  

 

 

 

 

 
  

 

 
۴L-S

  
  
  

2.    L-S4  
 

  

36      
     )i ( )j  ( 

          14 
  .  

    = 1 −  ∗   − 1 +  ∗ 		    )14(       

                                                                  
                

     [0,1]     
        − 1   

)  i-j (       )k (
     .   

)           i-j  (
         

   .       
           

     .      
  17 .  

  
3 7      

         
       15  

 :  
    = 1 −  ∗   − 1 +  ∗     )15(       

  
   Tb       

            
  [0,1]         

  .      
             

        
   .  

       
 3     .  
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 3  .     
  

4     
          

  (Solomon, 1987)      
           

        Chao and Liou 

(2005)     SDVRP    
       15     

         
         

  .       100 
      ()     

          
      200     

.   
      2010Visual 

C#.net          E5300  

GHZ 260 Cpu2 G Ram 4  .    
           

          
           

 .   
  

41    
            

         
         3 

 .  
  
 4 2       

  4        8 
         ACO  

        .  
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Gams23.4         12 
  .      ACO   

 Gams      ACO 

           )
 SDVRPTT 6  SDVRPTT8  (    

.    
  

 3.     
       

α (   )  5/1  
β (    )  2  

(  )	 2/0  
 (        )	   

)  (  ρ  5/0  

)  ( 1  
  

  
4.        

    ACO  ) Gams(       
          

()  
     ()     4  3  2  1  

0  23/0  440  295/0  440  1 0  0 0 5  SDVRPTT1 

0  63/4  342  741/1  342  1  0  0  1  6  SDVRPTT2  

0  35/0  480  87/0  480  0  1  1  1  7  SDVRPTT3 

0  69/4  564  229/5  564  1  1  1  0  8  SDVRPTT4 

0  32/7  645  478/23  645  2  0  0  2  9  SDVRPTT5 

2/1  96/50  796  052/156  786  1  1  0  1  10  SDVRPTT6 

0  40/17  553  82/2364  553  0  1  1  1  11  SDVRPTT7 

1/0  41/19  556  3600  555  0  1  1  1  12  SDVRPTT8 

      8        200   
ACO   .         
           

         200 
            

    5       . -

   5        
     ACO  

.    

  

         
Gams  ACO   4     . 

    ACO  Gams    
     Gams      

   12   Gams       
         

 ACO          
           

          

پژوهشنامه حمل و نقل، سال دوازدهم، شماره اول، بهار 1394 32

Archive of SID

www.SID.ir

http://www.sid.ir


  
 

 

 5.        
 ACO            

      4  3  2  1  
34/173  982  2 0  1 2 20  SDVRPTT9 

90/299  1290  3  0  2  1  30  SDVRPTT10  

04/570  1414  2  1  3  1  40  SDVRPTT11 

51/439  1880  4  1  2  1  50  SDVRPTT12 

19/903  2390  5  1  4  2  70  SDVRPTT13 

16/1560  2943  6  0  7  2  100  SDVRPTT14 

40/2924  4121  12  1  0  5  150  SDVRPTT15 

87/3123  5524  16  0  4  6  200  SDVRPTT16 

  
  

  
 4.        GamsACO  

  
43        

        
         

        )L-S1 L-S2 
L-S3  L-S4          (

 .          
          

           
     (  )  . 

 6          
      .    

         
          . 

        
         .

         
         

       . 
        6   

          
        :   

L-S1< L-S4< L-S2< L-S3  
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 6.           
  

L-S4  
    

L-S3  
  

 L-S2  
  

 L-S1  
 
  

 
  

   

440  440  440  440  440  5  SDVRPTT1 

342  342  342  360  342  6  SDVRPTT2  
480  480  480  502  480  7  SDVRPTT3 

603  574  564  564  564  8  SDVRPTT4 

752  645  719  645  645  9  SDVRPTT5 

806  850  816  820  796  10  SDVRPTT6 

553  553  553  561  553  11  SDVRPTT7 

556  575  565  569  556  12  SDVRPTT8 

986  1037  1016  1045  982  20  SDVRPTT9 

1360  1419  1395  1337  1290  30  SDVRPTT10  
1462  1414  1444  1482  1414  40  SDVRPTT11 

1937  1880  1913  1926  1880  50  SDVRPTT12 

2562  2390  2423  2544  2390  70  SDVRPTT13 

2943  2943  2957  3008  2943  100  SDVRPTT14 

4143  4141  4151  4210  4121  150  SDVRPTT15 

5560  5559  5575  5600  5524  200  SDVRPTT16 

875/1592 625/1577 562/1584 813/1600 5/1557   
271/2 292/1 738/1 78/2  (%)     

  

      7         
         .

         
          
      :   

L-S2< L-S1< L-S3< L-S4  
  

5    
          
          

) SDVRPTT (      
             
        .

        
           

         
  .      ACO 

           
            

         
   .   12     () 

         Gams 
          

    .     
   200         .

         
         
       L-S1   

           
    .     

            
           

   .  
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7.          
  

L-S4  
  

L-S3  
  

 L-S2  
  

 L-S1  
   

 
  

   

23/0  23/0  23/0  19/0  23/0  5  SDVRPTT1 

63/4  63/4  63/4  35/4  63/4  6  SDVRPTT2  
35/0  35/0  35/0  22/0  35/0  7  SDVRPTT3 

41/3  86/0  69/4  82/3  69/4  8  SDVRPTT4 

72/3  32/7  92/4  16/5  32/7  9  SDVRPTT5 

89/18  85/17  69/25  74/24  96/50  10  SDVRPTT6 

95/9  50/9  53/16  62/16  40/17  11  SDVRPTT7 

70/12  19/11  80/19  51/20  41/19  12  SDVRPTT8 

121  06/148  64/170  173  34/173  20  SDVRPTT9 

82/210  69/203  51/275  94/229  90/299  30  SDVRPTT10  
03/560  89/473  71/547  59/545  04/570  40  SDVRPTT11 

88/389  51/439  33/419  58/395  51/439  50  SDVRPTT12 

77/816  19/903  99/893  77/852  19/903  70  SDVRPTT13 

73/1502  16/1560  1548  66/1620  16/1560  100  SDVRPTT14 

9/2880  2880  2904  2853  40/2924  150  SDVRPTT15 

35/2968  73/3050  07/3093  21/3101  87/3123  200  SDVRPTT16 

022/594 947/606 568/620 46/615 212/631  

26/6 4  715/1 56/2  
(%)     

  

6    

1. Vehicle Routing Problem 

2. Heterogenous Fleet VRP 

3. Site-Dependent Vehicle Routing Problem 

4. Vehicle-Site Dependency 

5. Periodic VRP 

6. SDVRP with Time Window 

7. Periodic VRPTW 

8. Multi-Depot VRPTW 

9. Saving 

10. Adaptive Large Neighborhood Search 

11. Capacitate VRP 

12. Open VRP 

13. Mixed Integer Programming 

14. Ant Colony System 

15. Ant System 

16. Selection criteria 

17. Stagnation 

18. Ant Colony Optimization  
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