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ɴˉˇ˕ʹ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰˌ ˎʲˊʽʵʽˁˈˌ ˃ʶˍʰʶˎˊʶˍʽˁˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍʹ˄ 

ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ ʁˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎ (Vehicle Routing 

Problem with Time Windows ς VRPTW), ʲʰˋʽˋ˃ʷ˄ˇ ˋˍˇ˄ ˋˎ˄ʵˎʰˋ˃ˈ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ h ˉˇʽˁʾʰˌ ˃ ˎˊ˃ʹʴˁʽ˗˄ (Ant Colony Optimization ς ACO) ˁ ʰʽ ̱ ˇˎ h ˂ʴˇˊʾʻ˃ˇˎ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ̀ ˃ʺ˄ˇˎˌ ̀ ˖˃ʰˍʽʵʾ˖˄ (Particle Swarm Optimization ς PSO). 

ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˇ˔ʹ˃ʱˍ˖˄Σ ˃ʾʰ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹ ˁ ʰʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ 

ˉʶ˂ʰˍ˗˄ ˉˊˇˌ ʶ˅ˎˉʹˊʷˍʹˋʹΦ ʆʰ ˇ˔ʺ˃ʰˍʰ ʷ˔ˇˎ˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˁʰʽ ˇ ˁʱʻʶ 

ˉʶ˂ʱˍʹˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ʸʺˍʹˋʹΣ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ʰ˂˂ʱ ˁʰʽ ʷ˄ʰ 

ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎ ˋˍˇ ˇˉˇʾˇ ʶˉʽˍˊʷˉʶˍʰʽ ʹ ʶ˅ˎˉʹˊʷˍʹˋʺ ˍˇˎ ʰˉˈ ˁʱˉˇʽˇ ˈ˔ʹ˃ʰΦ ʁ ˁʱʻʶ 

ˉʶ˂ʱˍʹˌ ˉˊʷˉʶʽ ˄ʰ ʶ˅ˎˉʹˊʶˍʹʻʶʾ ʰˉˈ ʷ˄ʰ ˁʰʽ ˃ˈ˄ˇ ˈ˔ʹ˃ʰΦ ʆˇ ˁʱʻʶ ˈ˔ʹ˃ʰ ˅ʶˁʽ˄ʱ ˍˇ 

ʵˊˇ˃ˇ˂ˈʴʽˈ ˍˇˎ ʰˉˈ ˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹ ˁʰʽ ʰ˒ˇˏ ʶ˅ˎˉʹˊʶˍʺˋʶʽ ˍˇˎˌ ˉʶ˂ʱˍʶˌ ˉˇˎ ˍˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˉ˂ʱ˄ˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌΣ ˉˊʷˉʶʽ ˄ʰ ʶˉʽˋˍˊʷ˕ʶʽ ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ 

ʰˉˇʻʺˁʹ ˃ʷ˔ˊʽ ˁʱˉˇʽˇ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ˈˊʽˇΦ 

ɶ ˁʰˍʱˋˍˊ˖ˋʹ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʵˊˇ˃ˇ˂ˇʴʾˇˎ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ʴʾ˄ʶˍʰʽ ˃ʶ 

ˁʶ˄ˍˊʽˁˈ ʱ˅ˇ˄ʰ ˉˊ˗ˍˇ˄ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ 

ʵʶˏˍʶˊˇ˄ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʰˉˈˋˍʰˋʹˌ ˉˇˎ ʵʽʰ˄ˏˇˎ˄ ʰʻˊˇʽˋˍʽˁʱ ˍʰ ˇ˔ʺ˃ʰˍʰ ˁʰˍʱ ˍʹ˄ 

ʶˁˍʷ˂ʶˋʹ ˍˇˎ ʵˊˇ˃ˇ˂ˇʴʾˇˎ ˍˇˎˌ, ˋˎ˄ʶˉ˗ˌΣ ˂ˏˋʶʽˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˃ʶ ˂ʽʴˈˍʶˊʰ ˇ˔ʺ˃ʰˍʰ 

ʶʾ˄ʰʽ ʲʷ˂ˍʽˋˍʶˌ ʰ˄ʶ˅ʰˊˍʺˍˇˎ ˃ʺˁˇˎˌ ʵʽʰʵˊˇ˃ʺˌ ˉˇˎ ʰˎˍʱ ʵʽʰ˄ˏˇˎ˄Φ 

ɶ ˃ʷʻˇʵˇˌ ˉˇˎ ˉˊˇˍʶʾ˄ʶˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ˄ 

ʰ˂ʴˈˊʽʻ˃ˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʰˉˇʽˁʾʰˌ ˃ˎˊ˃ʹʴˁʽ˗˄ όACO) ˇ ˇˉˇʾˇˌ ˋʶ ˁʱʻʶ ˍˇˎ ʶˉʰ˄ʱ˂ʹ˕ʹ, 

˃ʶˍʱ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍʹˌ ˂ˏˋʹˌ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍˇ ˁʱʻʶ ˃ˎˊ˃ʺʴˁʽΣ ˍʽˌ ʲʶ˂ˍʽˋˍˇˉˇʽʶʾ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˋ˃ʺ˄ˇˎˌ ˋ˖˃ʰˍʽʵʾ˖˄ (PSO). 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋʶ ˁʱʻʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ACO ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ˃ʾʰ ˂ˏˋʹ ʴʽʰ ˍˇ 

ˁʱʻʶ ˃ˎˊ˃ʺʴˁʽΣ ʲˊʾˋˁʶˍʰʽ ʹ ˍˇˉʽˁʱ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʾʰ ˃ʷʻˇʵˇ ˍˇˉʽˁʺˌ 

ʰ˄ʰʸʺˍʹˋʹˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˄ˍʽˋˍˇʽ˔ʾʸʶˍʰʽ ˍˇ ˁʱʻʶ ˃ˎˊ˃ʺʴˁʽ ˋʶ ʷ˄ʰ ˋ˖˃ʰˍʾʵʽˇ ˗ˋˍʶ ˄ʰ 

ʲʶ˂ˍʽˋˍˇˉˇʽʹʻʶʾ ˇ ˉ˂ʹʻˎˋ˃ˈˌ ˍˇˎˌ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ PSOΦ ɾʶˍʱ ˍˇ ˉʷˊʰˌ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ PSOΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋʶ ˃ˎˊ˃ʺʴˁʽʰΣ ʴʾ˄ʶˍʰʽ 

ʰ˄ʰ˄ʷ˖ˋʹ ˍ˖˄ ˒ʶˊˇ˃ˇ˄˗˄ ˁ ʰʽ ˋˎ˄ʶ˔ʾʸˇ˄ˍʰʽ ˇʽ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˍˇˎ ACO. 

ɶ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˁʰʽ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍˇˎ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʶ˅ʶˍʱˋˍʹˁʶ 

ʶ˄ʵʶ˂ʶ˔˗ˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉˊˈˍˎˉʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʰˉˈ ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ʶʾ˄ʰʽ ʶ˄ʻʰˊˊˎ˄ˍʽˁʱ ʴʽʰ ˍʹ˄ ˉʶˊʶˍʰʾˊ˖ ʷˊʶˎ˄ʰ ˉˊˇˌ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍˇˎ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ 

ʵˏˇ ʰ˂ʴˇˊʾʻ˃˖˄ ˁ ʰʽ ˍʹˌ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ̩̱ ˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʴʽʰ ˍʰ ʶˁʱˋˍˇˍʶ ˉˊˇʲ˂ʺ˃ʰˍʰΦ 
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Synopsis 

In the current thesis a hybrid meta-heuristic algorithm is presented based on particle swarm 

and ant colony optimization, for solving a variant of one of the most popular supply chain 

management problems, the vehicle routing problem with time windows. 

The problem consists of a vehicle fleet, a central depot and a set of customers to be served. 

Each vehicle has the same capacity and each customer is characterized by predetermined 

demand, coordinates and a time window in which he is to be served. Each customer must be 

served by one vehicle and no customer's demand is larger than the vehicle's capacity. Each 

vehicle starts its route from the main depot and must return to the main depot in a predefined 

time limit. 

The construction of the best solution for the service of the customers is conducted, firstly, 

with the objective of minimizing the vehicles used and, secondly, with the objective of 

minimizing the total distance traveled by the vehicle fleet. It is implied that the cost of using 

an additional vehicle is far superior to the variable cost of transportation, so that solutions 

that use fewer vehicles are preferred regardless of the distance travelled by the vehicles. 

The proposed algorithm for the solution of the vehicle routing problem consists of an ant 

colony optimization algorithm in which in each iteration after the construction of the 

solutions, each ant is encoded into a vector that represents the starting position of a particle 

and the whole swarm is processed by a particle swarm optimization algorithm with a path 

relinking strategy. Afterwards, the pheromone evaporation and update are executed and the 

iterations of the ant colony optimization algorithm continue. 

The efficiency and effectiveness of the proposed algorithm were thoroughly tested using test 

cases taken from the literature with very promising preliminary results. Further research has 

to be done on fine tuning the algorithm for special cases. 
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1 ɳʽˋʰʴ˖ʴʺ 

ɴ˄ʰ̩ ʰˉˈ ˍˇˎˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ˋˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˃ʽʰˌ ʶ˒ˇʵʽʰˋˍʽˁʺˌ 

ʰ˂ˎˋʾʵʰˌ ʶʾ˄ʰʽ ʰˎˍ̩̍ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶˍʰ˒ˇˊ˗˄. ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˋˍʹ 

ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖  ˄ˍˇ ˁˈˋˍˇˌ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺ ̩˃ˉˇˊʶʾ ˄ʰ ʰ˄ʷ˂ʻʶʽ ˋʶ 

ʶˉʾˉʶʵʰ ʰˉˈ 15% ̫ ˖ˌ рл҈ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ʴʽʰ ˍˇ˄ ˁʰˍʰ˄ʰ˂˖ˍʺ (Labadie & Prins, 

2012). ʆʰ ˉʰˊʰˉʱ˄˖ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˒ʰ˄ʶˊ˗˄ˇˎ˄ ˈˍʽ ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ 

˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋ˒ʷˊʶʽ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˋˍʽˌ 

ʶˉʽ˔ʶʽˊʺˋʶʽˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍʷˍˇʽˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˁʰʽ ˄ʰ ˃ʶʽ˗ˋʶʽ ˍʰ 

ˁˈˋˍʹ ˉˇˎ ˁʰ˂ˇˏ˄ˍʰʽ ˄ʰ ˉ˂ʹˊ˗ˋˇˎ˄ ˇʽ ˁʰˍʰ˄ʰ˂˖ˍʷˌΦ ʁʽ ˉʰˊʰˉʱ˄˖ ʰ˄ʱʴˁʶˌ ʰˏ˅ʹˋʰ˄ ˍʹ 

ʸʺˍʹˋʹ ʴʽʰ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˁʰʽ ˇʵʺʴʹˋʰ˄ ˋʶ 

ʶˊʶˎ˄ʹˍʽˁʺ ʷˁˊʹ˅ʹ ˋˍʹ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺ ʷˊʶˎ˄ʰ ˍʰ ˍʶ˂ʶˎˍʰʾʰ рл ˔ˊˈ˄ʽʰ (Christofides, 1976; 

Cordeau, Desaulniers, Desrosiers, Solomon, & Soumis, 2001; Tavares, Machado, Pereira, & 

Costa, 2003; Yu, Yang, & Yao, 2011). H ̄ ʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ̱̌ ˉˊˈʲ˂ʹ˃ʰ ̱ ʹˌ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ όVehicle Routing Problem ς VRPύΦ ɳʽʵʽˁˈˍʶˊʰΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ 

ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRP ˃ʶ ˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎ όVehicle Routing Problem with Time Windows - 

VRPTWύ ˂ˈʴ˖ ˍʹˌ ˃ʶʴʱ˂ʹˌ ̀ ˎ˔˄ˈˍʹˍʰˌ ʶ˃˒ʱ˄ʽˋʹˌ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˏˉˇˎ ̀ ʶ ̄́ʰʴ˃ʰˍʽˁʱ 

ˉˊˇʲ˂ʺ˃ʰˍʰΦ ʃˊʱʴ˃ʰˍʽΣ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʹ ˏˉʰˊ˅ʹ ˔ˊˇ˄ʽˁ˗˄ ˉʰˊʰʻˏˊ˖˄ ʴʽʰ 

ˍʹ˄ ˉʰˊʱʵˇˋʹ ʺ ˁʰʽ ˍʹ˄ ˉʰˊʰ˂ʰʲʺ ˉˊˇʿˈ˄ˍ˖˄ ʰˉˇˍʶ˂ʶʾ ˁˇʽ˄ʺ ˉˊʰˁˍʽˁʺ. ʅˎ ˔˄ʱ ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ 

ˇʽˁˇ˄ˇ˃ʽˁʷˌ ́ ʺˍˊʶˌ ˁʰʽ ˉʽʻʰ˄ʷˌ ˁʰʻˎˋˍʶˊʺˋʶʽˌ ʁ ˅ˎˉʹˊʷˍʹˋʹˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˃ ʹ ˍʺˊʹˋʹˌ ˍˇˎ 

˔ˊˇ˄ˇʵʽʰʴˊʱ˃˃ʰˍˇˌ ˉʰˊʱʵˇˋʹˌ - ˉʰˊʰ˂ʰʲʺˌΦ ɶ ʁ˅ʶˍʰʸˈ˃ʶ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ˉ˂ʹˊˇ˒ˇˊʽʰˁˇˏ ʶˊʴʰ˂ʶʾˇˎ ˍˇ ˇˉˇʾˇ ɻ ʷ˔ʶˍʰʽ ˋʰ˄ ʵʶʵˇ˃ʷ˄ʰ 

ˍ hʵʽʰʻʷˋʽ˃ʰ ˇ˔ʺ˃ʰˍʰ, ˍ ̌˔ˊˇ˄ˇʵʽʱʴˊʰ˃˃ʰ ˉʰˊʱʵˇˋʹˌΣ ˍʹˌ ʸʺˍʹˋʹˌ ˁʰʽ ˍʽˌ ʰˉˇˋˍʱˋʶʽˌ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˉʰˊʱʵˇˋʹˌ ˁʰʽ ʶ˅ʱʴʶʽ ˉʰˊʰˉ˂ʺˋʽʶ ̩ˋˍʹ ʲʷ˂ˍʽˋˍ ́˂ˏˋʶʽˌ ʴʽʰ ˍʹ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ 

ˁʰʽ ˍˇˎ ˁˈˋˍˇˎˌ ʵʽʰ˄ˇ˃ʺˌ. ʂˋˇ ʰ˒ˇˊʱ ˍˇ˄ ˍˊˈˉˇ ʶˉʾ˂ˎˋʹˌ ˍˇˎ ˎ˒ʽˋˍʱ˃ʶ˄ˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʷ˔ʶʽ ʶˉʽ˂ʶ˔ʻʶʾ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˎʲˊʽʵʽˁˇˏ ʰ˂ʴˇˊʾʻ˃ˇˎ ˉˇˎ ˋˎ˄ʵˎʱʸʶʽ ˍˇˎˌ 

ʶ˅ʶ˂ʽˁˍʽˁˇˏˌ ˃ʶˍʰ-ʶˎˊʶˍʽˁˇˏˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʰˉˇʽˁʾʰˌ ˃ˎˊ˃ʹʴˁʽ˗˄ όAnt 

Colony Optimization - ACOύ ˁʰʽ ˋ˃ʺ˄ˇˎˌ ˋ˖˃ʰˍʽʵʾ˖˄ όParticle Swarm Optimization - PSOύΣ ˃ʶ 

ˍʶ˂ʽˁˈ ˋˍˈ˔ˇ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ʲʶ˂ˍʽ˖˃ʷ˄ʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ˁʰʽ ʰˉ̌ʵˇˍʽˁˈˍʹˍʰˌ. ʁ 

ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˎʴˁˊʾ˄ʶˍʰʽ ˖  ̩ˉˊˇˌ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱ ˍˇˎ ˃ ʁˍ h

ˎˉʱˊ˔ˇ˄ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʰ˄ʰ˒ˇˊʱˌ (ˉ.̝ Solomon Benchmark Problems), ˈˉ˖ˌ ʰˎˍʱ 

ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍ ́ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ.  

ʅˍˇ ˎˉˈ ʶ˅ʷˍʰˋʹ VRPTW ʷ˔ˇˎ˃ʶ ʷ˄ʰ ˋˍˈ˂ˇ ʰˉˈ ˉʰ˄ˇ˃ˇʽˈˍˎˉʰ (ʾʵʽʰˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ) 

ˇ˔ʺ˃ʰˍʰ, ˃  ʁˍ hˇˉˇʾʰ ʻʷ˂ˇˎ˃ʶ ˄ hˁʰ˂ˎ˒ʻʶʾ  ́ʸʺˍʹˋʹ ʶ˄ˈˌ ˋˎ˄ˈ˂ˇˎ ˉʶ˂ʰˍ˗˄. ɳ˅ʶˍʱʸˇˎ˃ʶ 

ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˃ʶˍʰ˒ʷˊʶˍʰʽ ʷ˄ʰ ʶʾʵˇˌ ˉˊˇʿˈ˄ˍ˖˄ ˁʰʽ  ̌ˁʱʻʶ ˉʶ˂ʱˍʹˌ ʶ˅ˎˉʹˊʶˍʶʾˍʰʽ 

ʰˉˈ ˁʱˉˇʽˇ ˈ˔ʹ˃ʰ ˃ʾʰ ˒ˇˊʱ ˁʰʽ ˍ ̌ˈ˔ʹ˃ʰ ʰˎˍˈ ˁʰ˂ˏˉˍʶʽ ˇ˂̍ˁ˂ʹˊʹ ˍ ́ʸʺˍʹˋʹ ˍˇˎ ˉʶ˂ʱˍʹ. 

ɳˉʾˋʹˌ, ̌  ˁ ʱʻʶ ̄ ʶ˂ʱˍʹˌ ̌ ˊʾʸʶʽ ˃ ʽʰ ̝ ˊˇ˄ʽˁʺ ̀ ˍʽʴ˃ʺ ˄ ˖ˊʾˍʶˊʹˌ ɻ ˎ˄ʰˍʺˌ ʁ ˅ˎˉʹˊʷˍʹˋʹˌ (earliest 

arrival) ˁ ʰʽ ˃ʾʰ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʰˊʴˈˍʶˊʹˌ ʵˎ˄ʰˍʺˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ (latest arrival). ʆ ̌ˈ˔ʹ˃ʰ 

ˉˇˎ ˍʶ˂ʽˁʱ ʻ  hʶ˅ˎˉʹˊʶˍʺˋʶʽ ˍˇ˄ ˁʱʻʶ ˉʶ˂ʱˍʹ ˃ˉˇˊʶʾ ˄ h˒ˍʱˋʶʽ ˋ ʁʰˎˍˈ˄ ˄˖ˊʾˍʶˊʰ ʰˉˈ ˍ ̌

ʰˊʽˋˍʶˊˈ ˈˊʽˇ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ˉʰˊʰʻˏˊˇˎ (earliest arrival) ˁʰʽ ˄ hˉʶˊʽ˃ʷ˄ʶʽ, ˈ˔ʽ ˈ˃˖ˌ 

ʰˊʴˈˍʶˊʰ ʰˉˈ ˍ ̌ʵʶ˅ʾ ˈˊʽˇ (latest arrival). ɳˉʽˉˊˈˋʻʶˍʰ, ɹ ʾ˄ʶˍʰʽ ʰ˄ʱˉˍˎ˅ʹ ʵʽʶˉʰ˒ʺˌ ˔ˊʺˋˍʹ 

˃ ʁ˔ˊʺˋʹ ˍʹˌ ˇˉˇʾʰˌ ʻ  hʶʾ˄ʰʽ ʵˎ˄ʰˍˈ ˄ hʵˇʻˇˏ˄ ˋʰ˄ ʶʾˋˇʵˇˌ ˍ h˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ 
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ʰˉˇʻʺˁʹˌ, ̱ ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ˁʰʽ ˄ hʶˉʽˋˍˊʷ˒ʶˍʰʽ ˖  ̩ʰˉˇˍʷ˂ʶˋ˃ʰ  ́ʲʷ˂ˍʽˋˍʹ 

ʵʽʰʵˊˇ˃ʺ ˉˇˎ ˉˊʷˉʶʽ ˄ h ʰˁˇ˂ˇˎʻʹʻʶʾ ʰˉˈ ˍ h ˇ˔ʺ˃ʰˍʰ. ʆ  h ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʻ  h

ˇˉˍʽˁˇˉˇʽˇˏ˄ˍʰʽ ʁ ʾˍʶ ̄ ʱ˄˖ ̀  ʁ̝ ʱˊˍʹ (ʰ ˄̱  h̀ ˍˇʽ˔ʶʾʰ h ˄ˍʽˋˍˇʽ˔ˇˏ˄ ̀  ʁ̄ ˊʰʴ˃ʰˍʽˁʱ ɻ ʶʵˇ˃ʷ˄ʰ) 

ʶʾˍʶ ˋ ʁ ʵʽʱʴˊʰ˃˃ʰ ʰ˅ˈ˄˖˄ (ˉ.̝ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶʽˋʰʴ˖ʴʺˌ ˁʱˉˇʽˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ʰ˄ʰ˒ˇˊʱˌ). 

ɶ ˃ʷʻˇʵˇˌ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʴʽʰ ˍʹ˄ ʶˁˉˈ˄ʹˋʹ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˋˍˇ ʅ˔ʺ˃ʰ 1.1. ɮˊ˔ʽˁʱ ʷʴʽ˄ʶ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʶˉʽˋˁˈˉʹˋʹ ʶˉʾ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ 

ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ˉʽˇ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ˉʰˊʰ˂˂ʰʴ˗˄ ˍˇˎ ˁʰʽ ˇˊʽˇʻʶˍʺʻʹˁʶ  ̌

˔˗ˊˇˌ ʷˊʶˎ˄ʰˌ ˁʰʽ ʶ ˄ʴʷ˄ʶʽ ˇˊʾˋˍʹˁʶ ˍ ̌ˉ˂ʰʾˋʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ. ʁ ˁʶ˄ˍˊʽˁˈˌ 

ʻʶ˃ʰˍʽˁˈˌ ʱ˅ˇ˄ʰˌ ˍʹˌ ˇˉˇʾʰˌ ʶʾ˄ʰʽ  ́ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˉ˂ʺʻˇˎˌ ˁʰʽ 

˔˖ˊʹˍʽˁˈˍʹˍʰˌ, ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ ˍ˖˄ ʶˁʱˋˍˇˍʶ ˉʶ˂ʰˍ˗˄,  ̌

ˁʰʻʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ ʸʹˍʱʶʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˉ˂ʺʻˇˌ ˉˊˇʿˈ˄ˍ˖˄.  ɳˉʽˉ˂ʷˇ˄ ˋˍʹ˄ ˎˉˈ 

˃ʶ˂ʷˍʹ ʶˁʵˇ˔ʺ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ, ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹ ˁʰʽ  ́ ˏˉʰˊ˅ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ 

ˉʰˊʱʻˎˊ˖˄ ˔ˊˈ˄ˇˎ ʴʽʰ ˍʹ˄ ˉʰˊʱʵˇˋʹ ˋˍˇ˄ ˁʱʻʶ ˉʶ˂ʱˍʹ. 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ, ˃ ʶ˂ʶˍʺʻʹˁʰ˄ ˇ ̔ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˂ˏˋʶʽˌ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˍˈˋˇ ˃ ʁʰ˄ʰ˂ˎˍʽˁʷˌ 

˃ʰʻʹ˃ʰˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ˈˋˇ ˁʰ̔ ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ, ʶˎˊʶˍʽˁ˗˄ ˁʰʽ ˃ʶˍʰʶˎˊʶˍʽˁ˗˄ 

ʰ˂ʴˇˊʾʻ˃˖˄. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˉʽ˂ʷ˔ˍʹˁʰ˄ ʵˏˇ ˃ʶˍʰʶˎˊʶˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ,  ̌ ʰ˂ʴˈˊʽʻ˃ˇˌ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʰˉˇʽˁʾʰˌ ˃ˎˊ˃ʹʴˁʽ˗˄ ˁʰʽ  ̌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˋ˃ʺ˄ˇˎˌ 

ˋ˖˃ʰˍʽʵʾ˖˄, ̌  ̔ˇˉˇʾˇʽ ʶʾ˔ʰ˄ ˍ ́˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˋˍʽˌ ʷ˖ˌ ˍ˗ˊʰ ʶ˒ʰˊ˃ˇʴʷˌ 

ˍˇˎˌ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁʰʽ ˋ ʁˉʰˊʶ˃˒ʶˊʺ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˎ˄ʵˎʰˋˍʽˁʱ 

ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ ˎˉˈ ˃ʶ˂ʷˍʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ, ˃ ʶ˂ʶˍʺʻʹˁʰ˄ ˁʰʽ ˋˎʴˁˊʾʻʹˁʰ˄ 

ˇ ̔˂ˏˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾ hʴʽʰ ˍ ́˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ, 

ˍˈˋˇ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʴʾ˄ʶˍʰʽ ˔ˊʺˋʹ ˍˇˎ ʰ˂ʴˈˊʽʻ˃ˇˎ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˋ˃ʺ˄ˇˎˌ 

ˋ˖˃ʰˍʽʵʾ˖˄ ˈˋˇ ˁʰʽ ʴʽʰ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʰˉˇʽˁʾʰˌ ˃ˎˊ˃ʹʴˁʽ˗˄.  

ɾ  ʁʲʱˋʹ ˍ hʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˎˉʰˊ˔ˈ˄ˍ˖˄ ʰ˂ʴˈˊʽʻ˃˖˄ ˁʰʽ ˍ˖˄ ˋʹ˃ʶʾ˖ ˄ˉˇˎ ˃ʶʽˇ˄ʶˁˍʶʾ 

ˁʰʽ ˉ˂ʶˇ˄ʶˁˍʶʾ  ̌ˁʰʻʷ˄ʰˌ ʶ ˅ʰˎˍ˗˄ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˈʲ˂ʹ˃ʰ, ˋ˔ʶʵʽʱˋˍʹˁʶ ʷ˄ʰˌ ˄ʷˇˌ 

ˎʲˊʽʵʽˁˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˁʰ˂ˏˍʶˊ˖˄ ˂ˏˋʶ˖˄, ˎˉˈ ˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ʶˏˊʶˋʹˌ 

ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ˉˇˎ ˄ hˁʱ˄ˇˎ˄ ˔ˊʺˋʹ ˁʰˍʱ ˍ ̌ʵˎ˄ʰˍˈ˄ ˂ʽʴˈˍʶˊ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˃ʽˁ́ ˈˍʶˊˇˎ 

ˋˎ˄ˇ˂ʽˁˇˏ ˃ʺˁˇˎˌ ʵʽʰʵˊˇ˃˗˄Φ ɾʶˍʱ ˍʰ ˉʰˊʰˉʱ˄˖ ʲʺ˃ʰˍʰΣ ˃ʶ˂ʶˍʺʻʹˁʶ ˍˇ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˁʰʽ ˎ˂ˇˉˇʽʺʻʹˁʶ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌΦ ʆʷ˂ˇˌΣ 

ʶ˂ʷʴ˔ʻʹˁʶ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍʹ˄ ʶʴˁˎˊˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰˉˇʵˇˍʽˁˈˍʹˍʱ ˍˇˎ ˋˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ 

ʰ˄ʰ˒ˇˊʱˌΣ ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰˌΦ  
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ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ɳˉʽˋˁˈˉʹˋʹ

ɾʰʻʹ˃ʰˍʽˁʺ ɾˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ VRPTW

ɾˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ʴʽʰ ˍˇ˄ ACO

ɾˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ʴʽʰ ˍˇ˄ PSO

ʇ˂ˇˉˇʾʹˋʹ ACO ˁ ʰʽ PSO

ʅ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ ˎ˂ˇˉˇʾʹˋʹ ˎʲˊʽʵʽˁˇˏ ʰ˂ʴˇˊʾʻ˃ˇˎ

ɴ˂ʶʴ˔ˇˌ ɽʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˎʲˊʽʵʽˁˇˏ ʰ˂ʴˇˊʾʻ˃ˇˎ

ɮ˄ʱˉˍˎ˅ʹ ˂ˇʴʽˋ˃ʽˁˇˏ ˔ˊʺˋʹˌ ˍˇˎ ˎʲˊʽʵʽˁˇˏ ʰ˂ʴˇˊʾʻ˃ˇˎ

 

ʅ˔ʺ˃ʰ 1.1 Υ ɾʷʻˇʵˇˌ ɴˊʶˎ˄ʰˌ 
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2 ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ɳˉʽˋˁˈˉʹˋʹ 

ʁʽ ˃ʶˍʰ˒ˇˊʷˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˇˊʽˋˍˇˏ˄ ˖ˌ ˇ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈˌ ˁ˂ʱʵˇˌ ˉˇˎ ʰ˒ˇˊʱ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ 

ˁʰʽ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʶˍʰ˒ˇˊ˗˄Φ ɳʾˍʶ ˇʵʽˁʷˌΣ ʶʾˍʶ ʻʰ˂ʱˋˋʽʶˌΣ ʶʾˍʶ ʶ˄ʰʷˊʽʶˌΣ ˈ˂ʶˌ ˇʽ ˃ʶˍʰ˒ˇˊʷˌ 

ʰˁˇ˂ˇˎʻˇˏ˄ ʻʶ˃ʶ˂ʽ˗ʵʶʽˌ ˁʰ˄ˈ˄ʶˌ ˁʰʽ ʷ˔ˇˎ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʽʵʽˈˍʹˍʶˌΦ ɶ ʶˉʽˋˍʺ˃ʹ ˍ˖˄ 

˃ʶˍʰ˒ˇˊ˗˄ ˇˊʾʸʶʽ ʰˎˍʷˌ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˁʰʽ ʵʶʾ˔˄ʶʽ ˉ˖ˌ ˇʽ ʴ˄˗ˋʶʽˌ ˉˇˎ ʰˉˇˁˍ˗˄ˍʰʽ ʴʽʰ ˁʱˉˇʽˇ˄ 

ˍˊˈˉˇ ˃ʶˍʰ˒ˇˊʱˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˖ˌ ʲʱˋʹ ʴʽʰ ˄ʰ ʶ˅ʹʴʺˋˇˎ˄ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 

ˍ˖˄ ˎˉˈ˂ˇʽˉ˖˄ ̱ ˊˈˉ˖˄ ˃ʶˍʰ˒ˇˊʱˌ (Christofides, 1976; Labadie & Prins, 2012). 

ɸʶ˃ʶ˂ʽ˖ʵ˗ˌΣ ʹ ʶˉʽˋˍʺ˃ʹ ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄ ʰˉˇʵʷ˔ʶˍʰʽ ˉ˖ˌ ˈ˂ˇʽ ˇʽ ˍˊˈˉˇʽ ʵʽʰˁʾ˄ʹˋʹˌ ʷ˔ˇˎ˄ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˎˋˍʰˍʽˁʱ ˋˍˇʽ˔ʶʾʰΥ ˇ˔ʺ˃ʰˍʰΣ ʵˊˈ˃ˇˎˌ ˁʰʽ ˋˍʰʻ˃ˇˏˌ ˉˇˎ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ 

ʰˁˇ˂ˇˎʻˇˏ˄ ˁʱˉˇʽʰ ˉˇ˂ʽˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ, ɹ ʾ˄ʶˍʰʽ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

˃ˇˊ˒˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˈʲ˂ʹ˃ʰ ˃ʶ ʲʱˋʹ ˍʽˌ ʶˁʱˋˍˇˍʶ ʰˉʰʽˍʺˋʶʽˌ ˁʰʽ ˍʰ 

ˎˉʱˊ˔ˇ˄ˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʹ ʴʶ˄ʽˁʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˃ʶˍʰ˒ˇˊʱˌ 

ˁʰʽ ˋˎ˄ʶ˔ʾʸˇ˄ˍʰˌ ˃ʶ ˍʽˌ ˉʽˇ ˋˎ˔˄ʱ ˋˎ˄ʰ˄ˍ˗˃ʶ˄ʶˌ ʶˁʵˇ˔ʷˌ ˍˇˎ ˎˉˈ ˃ʶ˂ʷˍʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˍʹˌ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄. 

2.1 ɶ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄ 

ʁ ̔˃ʶˍʰ˒ˇˊʷˌ ˔˖ˊʾʸˇ˄ˍʰʽ ˋ ʁ˃ʶˍʰ˒ˇˊʷˌ ˉ˂ʺˊˇˎˌ ˒ˇˊˍʾˇˎ (Truckload Transportation) ˁʰʽ ˋ ʁ

˃ʶˍʰ˒ˇˊʷˌ ˃  ́̄ ˂ʺˊˇˎˌ ˒ ˇˊˍʾˇˎ (Less than Truckload Transportation). 

ʅˍʽˌ ˃ʶˍʰ˒ˇˊʷˌ ˉ˂ʺˊˇˎˌ ˒ˇˊˍʾˇˎ,  ́ʸʺˍʹˋʹ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˃ʶʴʱ˂ʹ ˗ˋˍʶ ˄ h

ˇˊʽˋˍʶʾ ʷ˄ʰ ˈ˔ʹ˃ʰ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ ʶ˄ˈˌ ˉʶ˂ʱˍʹ. ɴˍˋʽ, ˍ ̌ˁʱʻʶ ˈ˔ʹ˃ʰ 

˒ˇˊˍ˗˄ʶˍʰʽ ˋ ʁˁʱˉˇʽˇ ˋʹ˃ʶʾˇ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎ ʰʴʰʻˇˏ  ̋ˋ ʁˁʱˉˇʽʰ ʰˉˇʻʺˁʹ, ˃ ʶˍh˒ ʷˊʶʽ ˍ h

ʰʴʰʻʱ ʰˎˍʱ ˋ ʁˁʱˉˇʽˇ˄ ̄ ʶ˂ʱˍʹΣ ̱  h˅ ʶ˒ˇˊˍ˗˄ʶʽ ʁ ˁʶʾ ˁ ʰʽ ʁ ˉʽˋˍˊʷ˒ʶʽ ̄ ʾˋ˖ ̀ ˍʹ˄ h ˒ʶˍʹˊʾʰ ̱ ˇˎ 

ʵˊˇ˃ˇ˂ˇʴʾˇˎ ̱ ˇˎ (Demir, .ŜƪǘŀǒΣ & Laporte, 2014; Laporte, Toth, & Vigo, 2013). 

ʅˍʽˌ ˃ʶˍʰ˒ˇˊʷˌ ˃  ́ˉ˂ʺˊˇˎˌ ˒ˇˊˍʾˇˎ,  ́ʸʺˍʹˋʹ ˍˇˎ ˁʱʻʶ ˉʶ˂ʱˍʹ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍ ́

˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʷˍˋʽ ˍ ̌ˁʱʻʶ ˈ˔ʹ˃ʰ ʶ˅ˎˉʹˊʶˍʶʾ ʷ˄ʰ ˉ˂ʺʻˇˌ ˉʶ˂ʰˍ˗˄. 

ʅˎ˄ʶˉ˗ˌ, ̄ ˊʷˉʶʽ ˄ h˂ʹ˒ʻˇˏ˄ ʵˏˇ ʶʾʵʹ ʰˉˇ˒ʱˋʶ˖˄ 

1. ɶ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ˉˇˎ ʻʰ ʶ˅ˎˉʹˊʶˍʹʻˇˏ˄ ʰˉˈ ˍˇ ˁʱʻʶ ˈ˔ʹ˃ʰ 

2. ɶ ʶˉʽ˂ˇʴʺ ˍʹˌ ˋʶʽˊʱˌ ˉˇˎ ʻʰ ʶ˅ˎˉʹˊʶˍʹʻˇˏ˄ ˇʽ ˉʶ˂ʱˍʶˌ ʰˉˈ ˍˇ ˁʱʻʶ ˈ˔ʹ˃ʰ 

ʶ˄˗ ˉˊʷˉʶʽ ˄ hʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˈˉ˖ˌ ʰ˄ʰ˒ˇˊʽˁʱ ˃ ʁˍ ́

˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄, ˍʹ˄ ˉˊˇˋʲʰˋʽ˃ˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍʽˌ ʰˉˇʻʺˁʶˌ 

˒ˈˊˍ˖ˋʹˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˉʰˊʱʵˇˋʹˌ ˋˍˇˎˌ ˉʶ˂ʱˍʶˌ, ˍ ̌˃ʷʴʽˋˍˇ ˉ˂ʺʻˇˌ ˖ˊ˗˄ ˋˎ˄ʶ˔ˇˏˌ 

ˇʵʺʴʹˋʹˌ ˁ˂ˉ. ʆʶ˂ʽˁˈˌ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ  ́ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ʶ˄ˈˌ ̋  ˉʶˊʽˋˋˈˍʶˊ˖˄ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁ˗˄ 

ˋˍˈ˔˖˄, ̍ ˉ˖ˌ  ̌ʰˊʽʻ˃ˈˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʻ  h˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰʽ  ́ˋˎ˄ˇ˂ʽˁʺ ʰˉˈˋˍʰˋʹ 

ˉˇˎ ʻ  hʵʽʰ˄ˏˋˇˎ˄ ˍ hˇ˔ʺ˃ʰˍʰ. 

ʆ ̌ˁˈˋˍˇˌ ˍ˖˄ ˃ʶ̱ʰ˒ˇˊ˗˄ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ, ˁʰˍʱ ˃ʷˋˇ ˈˊˇ, ˍ ̌ 35-70% ̱ ˇˎ ˋˎ˄ˇ˂ʽˁˇˏ 

ˁˈˋˍˇˎˌ ˍʹˌ ʶ˒ˇʵʽʰˋˍʽˁʺˌ ʰ˂ˎˋʾʵʰˌ ˁʰʽ ˉʶˊʾˉˇˎ ˍ ̌25% ̱ ʹˌ ˍʽ˃ʺˌ ˉ˗˂ʹˋʹˌ ˍˇˎ ˍʶ˂ʽˁˇˏ 

ʰʴʰʻˇˏ. ɴˍˋʽ,  ́ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˃ˉˇˊʶʾ ˄ h˒ʷˊʶʽ ˋʹ˃ʰ˄ˍʽˁʺ 

˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ˁʰˍʹʴˇˊʾʰ ˍʹˌ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺˌ ʷˊʶˎ˄ʰˌ. 

ɳˉʾˋʹˌ, ́  ˋʹ˃ʰˋʾʰ ˍʹˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ʷ˔ʶʽ ʰˎ˅ʹʻʶʾ ʰˉˈ  ̱ ʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ̱ ˖˄ ˃ ʶˍʰ˒ˇˊ˗˄ ̀ ˍʽˌ 



ȷɜɎˊŰɡɝɖ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ ˊɟɞɓɚɐɛŬŰɞɠ ŭɟɞɛɞɚɧɔɖůɖɠ ɞɢɖɛɎŰɤɜ ɛŮ ˊŬɟɎɗɡɟŬ ɢɟɧɜɞɡ 

ȺɀɄ ï Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ 
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ˁ˂ʽ˃ʰˍʽˁʷˌ ʰ˂˂ʰʴʷˌ: ˍ ̌ 2008 ̌  ̔˃ʶˍʰ˒ˇˊʷˌ ʺˍʰ˄ ˎˉʶˏʻˎ˄ʶˌ ʴʽʰ ˍ ̌ 30% ̱ ʹˌ ˉʰˊʰʴ˖ʴʺˌ 

ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʴʽʰ ˍʽˌ ɶʃɮ ˁʰʽ ˍʹ˄ ɳɳ (Gendreau, Laporte, Musaraganyi, & Taillard, 

1999). ɴˍˋʽΣ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʹ ʰ˄ʱʴˁʹ ʴʽʰ ʶˁˍʶ˄ʺ ˃ʶ˂ʷˍʹ ˍʹˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ 

ˋˎ˄ʶˉ˗ˌ h ˄ʱʴˁʹ ɹ ʽʰ ̱ ʹ˄ ̒ ʶ˖ˊʹˍʽˁʺ ˃ ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ̱ ˇˎ ̄ ˊˇʲ˂ʺ˃ʰˍˇˌ ˃  ʁ̫ ˄ʰ˄ ɹ ʶ˄ʽˁˈ ̱ ˊˈˉˇ.  

ʁˉˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʰˎˍʺˌ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ʶʾʻʽˋˍʰʽ ˄ h ʴʾ˄ʶˍʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʴˊʱ˒ˇˎˌ, ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˁˈ˃̡̌ ˎˌ (nodes - ˉˈ˂ʶʽˌ, 

ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ, ˋʹ˃ʶʾʰ ˉ˗˂ʹˋʹˌ, ˒ˈˊˍ˖ˋʹˌ-ʶˁ˒ˈˊˍ˖ˋʹˌ .ˁ .̌ .ˁ) ˁʰʽ ˍʽˌ ʶ˄˗ˋʶʽˌ ˃ʶˍʰ˅ˏ 

ʰˎˍ˗˄ ˍ˖˄ ˁˈ˃ʲ˖˄ ˇ ̔ˇˉˇʾʶˌ ˃ˉˇˊʶʾ ˄ hʶʾ˄ʰʽ ˔˖ˊʾˌ ˁʰˍʶˏʻˎ˄ˋʹ (edges), ̀ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ʵˊˈ˃˖˄ ʵˏˇ ˁʰˍʶˎʻˏ˄ˋʶ˖˄,  ̋˄ hˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˁʰʽ ʱˊʰ ʶʾ˄ʰʽ ʵʽʰ˄ˏˋ˃ʰˍʰ 

(arcs), ̍ ˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˈˍʰ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʵˊˈ˃ˇˎˌ ˃ʾʰˌ ˁʰˍʶˏʻˎ˄ˋʹˌ. 

ʁ ˋˁˇˉˈˌ ˋˎ˄ʺʻ˖ˌ ʶʾ˄ʰʽ  ́ʶˉʾˋˁʶ˕ʹ ˁʱˉˇʽˇˎ ˎˉˇˋˎ˄ˈ˂ˇˎ ʰˉˈ ˍ ̌ˋˎ˄ˇ˂ʽˁˈ ˉ˂ʺʻˇˌ ˍ˖˄  

ˉʶ˂ʰˍ˗˄ ʴʽʰ ˍʹ˄ ˉʰˊʱʵˇˋʹ ˉˊˇʿˈ˄ˍ˖˄, ̋   ́ˋˎ˄ˍʺˊʹˋʹ  ̋ʶˉʽʻʶ˗ˊʹˋʹ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˉˇˎ 

˂ʰ˃̡ɦ ˄ˇˎ˄ ˔˗ˊˇ ˋˍˇ˄ ʵˊˈ˃ˇ ʰˉˈ ʷ˄ʰ ˋʹ˃ʶʾˇ ˋ ʁʷ˄ʰ ʱ˂˂ˇ (ˉ.̝ ɮˉˇ˃ʱˁˊˎ˄ˋʹ ˍˇˎ ˔ʽˇ˄ʽˇˏ 

ʰˉˈ ˍ ̌ʵˊˈ˃ˇ). ɴˍˋʽ, ̄ ˊˇˁˏˉˍˇˎ˄ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌ ˃ˇ˄ˍʶ˂ˇˉˇʽʹ˃ʷ˄˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄: 

1. ʆʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ɼˈ˃ʲ˖˄ (Node Routing Problem) 

2. ʆʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ʆˈ˅˖˄ (Arc Routing Problem) 

ɱʶ˄ʽˁʱ ˍʰ ʰʴʰʻʱ ʷ˔ˇˎ˄ ˊˇʺ ʰˉˈ ˃ʽʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ˁʶ˄ˍˊʽˁʷˌ ʰˉˇʻʺˁʶˌ ˉˊˇˌ ˍˇˎˌ 

ˎˉˈ˂ˇʽˉˇˎˌ ˁˈ˃ʲˇˎˌ-ˉʶ˂ʱˍʶˌ, ʰ˄ ˁʰʽ ˋʶ ˁʱˉˇʽʶˌ ʶʽʵʽˁˇˏ ˍˏˉˇˎ ʶ˒ʰˊ˃ˇʴʷˌ ʹ ˊˇʺ 

ʰ˄ˍʽˋˍˊʷ˒ʶˍʰʽ, ɹ ʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍʹ˄ ˋˎ˂˂ˇʴʺ ʰˉˇˊˊʽ˃˃ʱˍ˖˄. ʃʱˊʰˎˍʰ, ̌ ʽ ʲʰˋʽˁʷˌ ʰˊ˔ʷˌ ʴʽʰ 

ˍʽˌ ʵˏˇ ˁʰˍʶˎʻˏ˄ˋʶʽˌ ˍʹˌ ˊˇʺˌ ʶʾ˄ʰʽ ˇʽ ʾʵʽʶˌ ( .̄ .̝ ʹ ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ʹ ˉˇˋˈˍʹˍʰ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ 

ˎˉʶˊʲʰʾ˄ʶʽ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˇ˔ʺ˃ʰˍˇˌ, ʶʾˍʶ ʰˎˍˈ ˅ʶˁʽ˄ʱ ʰˉˈ ˁʱˉˇʽʰ 

ʰˉˇʻʺˁʹ ʴʶ˃ʱˍˇ ˁʰʽ ˉʰˊʰʵʾʵʶʽ ʰʴʰʻʱ, ʶʾˍʶ ˍˇ ˈ˔ʹ˃ʰ ˅ʶˁʽ˄ʱ ʱʵʶʽˇ ˁʰʽ ˒ˇˊˍ˗˄ʶˍʰʽ ˋˍʹ˄ 

ˉˇˊʶʾʰ ˍˇˎ ʵˊˇ˃ˇ˂ˇʴʾˇˎ ˍˇˎ). 

ɶ ˉˊ˗ˍʹ ʶ˃˒ʱ˄ʽˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˁˈ˃ʲ˖˄ ʶʾ˄ʰʽ ˍˇ ʃˊˈʲ˂ʹ˃ʰ ʃʶˊʽˇʵʶˏˇ˄ˍˇˌ 

ʃ˖˂ʹˍʺ (Travelling Salesman Problem ς TSP): ɲʾ˄ʶˍʰʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˁˈ˃ʲ˖˄ ˋʶ ʷ˄ʰ ʴˊʱ˒ˇ ˁʰʽ 

ˇʽ ʰˉˇˋˍʱˋʶʽˌ ˈ˂˖˄ ˍ˖˄ ˁˈ˃ʲ˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ. ʁ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʹ ˋˎ˄ˍˇ˃ˈˍʶˊʹ 

ʵʽʰʵˊˇ˃ʺ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˈ˂ˇˎˌ ˍˇˎˌ ˁˈ˃ʲˇˎˌ (ˉ˂ʹ˄ ˍʹˌ ʰ˒ʶˍʹˊʾʰˌ) ʰˁˊʽʲ˗ˌ ˃ʾʰ ˒ˇˊʱ 

ˁʰʽ ˅ʶˁʽ˄ʱʶʽ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍˇ˄ ˁˈ˃ʲˇ ʰ˒ʶˍʹˊʾʰˌ, ɻ ʹ˂hɻ ʺ ̄ ˊˈˁʶʽˍʰʽ ʴʽʰ ˁˎˁ˂ʽˁʺ ʵʽʰʵˊˇ˃ʺ. 

ɶ ˉˊ˗ˍʹ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʰˎˍˇˏ ʺˍʰ˄ ˋˍʽˌ ʰˊ˔ʷˌ ˍʹˌ ʵʶˁʰʶˍʾʰˌ 1920-1930 h ˉˈ 

ˍˇ˄ Karl Menger, ̍ ˃˖ˌ ʹ ˉˊ˗ˍʹ ʵʹ˃ˇˋʾʶˎˋʹ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˉˊˇˍʱʻʹˁʶ ʰˉˈ 

ˍˇ˄ Dantzig ̱  ̌(1954). 

ʆ ̌ ˉˊˈʲ˂ʹ˃ʰ ˍˇˎ ʃʶˊʽˇʵʶˏˇ˄ˍˇˌ ʃ˖˂ʹˍʺ ˁʰʽ ʱ˂˂ʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ 

ʰ˄ʶˉʰˊˁʺ ʴʽʰ ˄ʰ ˂ˏˋˇˎ˄ ˉˊʰʴ˃ʰˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʰˉʰʽˍˇˏ˄ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˊʽʻ˃ˈ 

ˇ˔ʹ˃ʱˍ˖˄Φ ɴˍˋʽΣ ˉˊˇʷˁˎ˕ʶ ˍˇ ʃˊˈʲ˂ʹ˃ʰ ɲˊˇ˃ˇ˂ˈʴʹˋʹˌ ʁ˔ʹ˃ʱˍ˖˄ όVehicle Routing 

Problem). ɶ ʲʰˋʽˁʺ ˃ˇˊ˒ʺ ʰˎˍˇˏ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˂ʷʴʶˍʰʽ ʃˊˈʲ˂ʹ˃ʰ ɲˊˇ˃ˇ˂ˈʴʹˋʹˌ 

ʁ˔ʹ˃ʱˍ˖˄ ʃʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ɲˎ˄ʰ˃ʽˁˈˍʹˍʰˌ όCapacitated Vehicle Routing Problem - CVRPύ ˁʰʽ 

ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˇʽ ˃ʶ˂ʶˍʹˍʷˌ ˍʹ˄ ʰ˄ʰ˒ʷˊˇˎ˄ ʰˉ˂ʱ ˖ˌ ʃˊˈʲ˂ʹ˃ʰ ɲˊˇ˃ˇ˂ˈʴʹˋʹˌ ʁ˔ʹ˃ʱˍ˖˄ 

(VRP). ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ʶ˄ˈˌ ˋˎ˄ˈ˂ˇˎ ʰˉˈ ʵʽʰʵˊˇ˃ʷˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˈˋˇ ˍˇ 

ʵˎ˄ʰˍˈ˄ ˃ʽˁˊˈˍʶˊˇ ˁˈˋˍˇˌ, ˉˇˎ ʶ˅ˎˉʹˊʶˍʶʾΣ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˁʱˉˇʽʰ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹΣ ʷ˄ʰ 

ˋˏ˄ˇ˂ˇ ʰˉˈ ˉʶ˂ʱˍʶˌ ˃ ʶ ʴ˄˖ˋˍʺ ʸʺˍʹˋʹΦ 
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2.2 ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ (VRP) ˁʰʽ ˇʽ ˉʰˊʰ˂˂ʰʴʷˌ 

ˍˇˎ 

ʆ ̌ζʃ́ˈʲ˂ʹ˃ʰ ɲ́ ˇ˃ˇ˂ˈʴʹˋʹˌ ʁ̝ ʹ˃ʱˍ˖˄η (Vehicle Routing Problem - VRP) ̟ ˌ ˈˊˇˌ ʵˈʻʹˁʶ 

ʰˉˈ ˍˇˎˌ (Golden, Magnanti, & Nguyen, 1975) ˋʶ ˃ʾʰ ˃ʶʴʱ˂ʹ ˁʰˍʹʴˇˊʾʰ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ, ˃ʶ ˋˁˇˉˈ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ʲʷ˂ˍʽˋˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ʴʽʰ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋˍˈ˂ˇ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ, ˉˇˎ ˅ʶˁʽ˄ˇˏ˄ ʰˉˈ ˃ʾʰ 

ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹΣ ˗ˋˍʶ ˄ʰ ʶ˅ˎˉʹˊʶˍʺˋˇˎ˄ ˍʹ ʸʺˍʹˋʹ ʶ˄ˈˌ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇˎ ˋˎ˄ˈ˂ˇˎ 

ˉʶ˂ʰˍ˗˄, ʽˁʰ˄ˇˉˇʽ˗˄ˍʰˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ. ɳˁˍˈˌ ˍʹˌ ˇ˄ˇ˃ʰˋʾʰˌ VRP ˋˍʹ 

ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˋˎ˄ʰ˄ˍʱˍʰʽ ʹ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ˇ˄ˇ˃ʰˋʾʰ ζCapacitated VRP ς CVRPη ˉˇˎ 

ʻʶ˖ˊˇˏ˄ˍʰʽ ˍʰˎˍˈˋʹ˃ʶˌΣ ˁʰʻ˗ˌ ˋʶ ˁʱʻʶ ˃ʶ˂ʷˍʹ ˍˇˎ VRP ˁʰʽ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍ˖˄ ˉʰˊʰ˂˂ʰʴ˗˄ 

ˍˇˎ ʶ˃ˉʶˊʽʷ˔ʶˍʰʽ ˇ ˉʶˊʽˇˊʽˋ˃ˈˌ ˍʹˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ (Subramanian, Uchoa, & 

Ochi, 2013). ʆˇ VRP ˉʰʾʸʶʽ ˁˎˊʾʰˊ˔ˇ ˊˈ˂ˇ ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ʵʽʰ˄ˇ˃˗˄ ˁʰʽ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸʶˍʰʽ ˋʶ 

ˁʰʻʹ˃ʶˊʽ˄ʺ ʲʱˋʹ ʰˉˈ ʵʶˁʱʵʶˌ ˔ʽ˂ʽʱʵʶˌ ʶˍʰʽˊʾʶˌ ˃ʶˍʰ˒ˇˊ˗˄ ˉʰʴˁˇˋ˃ʾ˖ˌ (Laporte et al., 

2013). 

ɶ ˉˊ˗ˍʹ ʰ˄ʰ˒ˇˊʱ ˍˇˎ VRP ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʴʾ˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ (G. Dantzig et al., 1954)Σ ˇʽ 

ˇˉˇʾˇʽ ˃ʶ˂ʷˍʹˋʰ˄ ˍ ̌̄ ˊˈʲ˂ʹ˃ʰ ʃʶˊʽˇʵʶˏˇ˄ˍˇˌ ʃ˖˂ʹˍʺ όTravelling Salesman Problem ς TSP) 

ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʹ ˁʰˍΩ ˇˎˋʾʰ ʶˁʵˇ˔ʺ ˍˇˎ VRP ˋˍʹ˄ ˇˉˇʾʰ ˇ ˋˍˈ˂ˇˌ ˇ˔ʹ˃ʱˍ˖˄ h̄ ˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

ʷ˄ʰ ˁʰʽ ˃ˈ˄ˇ ̍ ˔ʹ˃ʰ ˁ ʰʽ ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˎˉʶˊʲʰʾ˄ʶʽ ˉʱ˄ˍʰ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʸʺˍʹˋʹΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ, ˇ ̔G. B. Dantzig ˁʰʽ Ramser (1959) ˁʰʽ ˇʽ Clarke & Wright (1964) ˃ʶ˂ʷˍʹˋʰ˄ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˃ʶ ˉʶˊʽˋˋˈˍʶˊʰ ˍˇˎ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍʰΣ ˁʰʽ ʹ ˇˉˇʾʰ ʶ˄ ˍʷ˂ʶʽ 

ʻʶ˖ˊʺʻʹˁʶ ˖ˌ ́  ˉˊ˗ˍʹ ˉʱ˄˖ ˋˍˇ VRP (Eksioglu, Vural, & Reisman, 2009; Maffioli, 2003). 

ʃʱˊʰˎˍʰΣ ˋˍʹ˄ ʰˉ˂ʺ ˃ˇˊ˒ʺ ˍˇˎΣ ˍˇ VRP ʵʶ˄ ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾ ˃ʶ ʰˁˊʾʲʶʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΣ 

ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˋˍʹ˄ ˉˊʱ˅ʹ ʹ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ʵʽʷˉʶˍʰʽ ʰˉˈ ˉʶˊʾˉ˂ˇˁˇˎˌ ˁʰ˄ˈ˄ʶˌ ˁʰʽ 

ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˉˇˎ ʶˁ˂ʶʾˉˇˎ˄ ʰˉˈ ʰˎˍʺ ˍʹ˄ ʰˊ˔ʽˁʺ ˃ˇˊ˒ʺ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ ʅˎ˄ʶˉ˗ˌΣ 

ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ VRP ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˉˇʽˁʾ˂ʶˌ ʰ˄ʱʴˁʶˌ ˁʰʽ ˎˉʹˊʶˋʾʶˌ 

ˉˇˎ ʸʹˍˇˏ˄ ˇʽ ˉʶ˂ʱˍʶˌ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʺ ˍˇˎˌΣ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˋˍˈ˂ˇˎ ˇ˔ʹ˃ʱˍ˖˄Σ 

ˍ˖˄ ʰˉˇʻʹˁ˗˄ ˁʰʽ ˍˇˎ ʵʽˁˍˏˇˎ ˉˇˎ ˍʰ ˋˎ˄ʵʷʶʽΣ ˍʹ˄ ʰʲʶʲʰʽˈˍʹˍʰ ˍ˖˄ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍˇ˄ ˔ˊˇ˄ʽˁˈ ˇˊʾʸˇ˄ˍʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˍʹˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌΦ ʅˍʽˌ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˇʽ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁˇʾ ˋˍˈ˔ˇʽ ʶʾ˄ʰʽ ˉˊ˗ˍˇ˄ ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ʶ˄ 

˔ˊʺˋʹ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʵʶˏˍʶˊˇ˄ ˍʰ ˇ˔ʺ˃ʰˍʰ ˄ʰ ʵʽʰ˄ˏˋˇˎ˄ ʰʻˊˇʽˋˍʽˁʱ ˍʹ ˃ʽˁˊˈˍʶˊʹ ʵˎ˄ʰˍʺ 

ʵʽʰʵˊˇ˃ʺ (Labadie & Prins, 2012). ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʰˊʰ˂˂ʰʴʷˌ ʰˎˍʷˌ 

(ˁʶ˒ʱ˂ʰʽʰ 2.2.1 - 2.2.4ύ ˁʰʻ˗ˌ ˁʰʽ ̌ ʽ ˋˎ˄ʵˎʰˋ˃ˇʾ ̱ ˇˎˌ (ˁʶ˒ʱ˂ʰʽˇ 2.2.5). 

2.2.1 ʃʶ˂ʱˍʶˌ ˁʰʽ ʇˉʹˊʶˋʾʶˌ 

2.2.1.1 VRP ˃ ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˉʰˊʰʵˈˋʶʽˌ όSDVRP) 

ʆ ̌ˉˊˈʲ˂ʹ˃ʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˉʰˊʰʵˈˋʶʽˌ όSplit Deliveries Vehicle 

Routing Problem ς SDVRP) ˉˊˇˍʱʻʹˁʶ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ʰˉˈ ˍˇˎˌ (Dror & Trudeau, 1989, 

1990)Σ ʶ˄˗ ˇʽ (Archetti, Savelsbergh, & Speranza, 2006) ʷʵʶʽ˅ʰ˄ ˉ˖ˌΣ ʶ˄˗ ˇʽ ˉʶˊʽˋˋˈˍʶˊˇʽ 

ˉʶ˂ʱˍʶˌ ˉˊˇˍʽ˃ˇˏ˄ ˄ʰ ʶ˅ˎˉʹˊʶˍˇˏ˄ˍʰʽ ˃ʾʰ ˒ˇˊʱΣ ˇʽ ˉˇ˂˂ʰˉ˂ʷˌ ʶ˅ˎˉʹˊʶˍʺˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ 

˒ʷˊˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ς ʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ʶ˄ˈˌ SDVRP ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʵˏˇ 
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˒ˇˊʷˌ ˉʽˇ ˒ˍʹ˄ʺ ʰˉˈ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˉˊˈʲ˂ʹ˃ʰ CVRP (Capacitated VRP ς ˉˊˈʲ˂ʹ˃ʰ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˇ˔ʹ˃ʱˍ˖˄ύΦ ʅˍˇ CVRP ˇ ˁʱʻʶ 

ˁˈ˃ʲˇˌ-ˉʶ˂ʱˍʹˌ ˉˊʷˉʶʽ ˄ʰ ʶ˅ˎˉʹˊʶˍʹʻʶʾ ʰˉˈ ʷ˄ʰ ˁʰʽ ˃ˈ˄ˇ ˈ˔ʹ˃ʰΦ ɮ˄ˍʾʻʶˍʰΣ ˋˍʹ˄ 

ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRP ˃ ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˉʰˊʰʵˈˋʶʽˌ ʰˉʰ˂ʶʾ˒ʶˍʰʽ ʰˎˍˈˌ ˇ ˉʶˊʽˇˊʽˋ˃ˈˌ ˁʰʽ ˇ ˁʱʻʶ 

ˉʶ˂ʱˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ˎˉʹˊʶˍʹʻʶʾ ʰˉˈ ˉʶˊʽˋˋˈˍʶˊʰ ˍˇˎ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍʰΦ 

ʅˎ˄ʶˉ˗ˌΣ ˋˍˇ SDVRP ʵˏ˄ʰˍʰʽ ˄ʰ ʶ˅ˎˉʹˊʶˍʹʻˇˏ˄ ˉʶ˂ʱˍʶˌ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʸʺˍʹˋʹ ˅ʶˉʶˊ˄ʱ ˍʹ 

˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˋˍˈ˂ˇˎ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΦ ʁ ̔ (Archetti, 

Savelsbergh, et al., 2006) ˉˊˇˍʶʾ˄ˇˎ˄ ˍʹ ˄ˉˊˇˋʻʺˁʹ ˍˇˎ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏ ˍʹˌ ˏˉʰˊ˅ʹˌ ʺ ˃ʹΣ 

ʶ˄ˈˌ ʺ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˉʶ˂ʰˍ˗˄ ʹ ʸʺˍʹˋʹ ˍˇˎ ˇˉˇʾˇˎ ˄ʰ ˅ʶˉʶˊ˄ʱ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˋˍˈ˂ˇˎ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˇˊʾʸˇˎ˄ ˍʽˌ ˉʰˊʰˁʱˍ˖ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ VRP: 

¶ VRP : ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʶˏˊʶˋʹˌ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˈˍʰ˄ ʹ ʸʺˍʹˋʹ ˍˇˎ ˁʱʻʶ 

ˉʶ˂ʱˍʹ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʺ ʾˋʹ ˃ʶ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁ ʰʽ ˇ ˁʱʻʶ ˉʶ˂ʱˍʹˌ 

ʶ˅ˎˉʹˊʶˍʶʾˍʰʽ ʰˁˊʽʲ˗ˌ ˃ʾʰ ˒ˇˊʱ 

¶ SDVRP : ̱ ˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʶˏˊʶˋʹˌ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˈˍʰ˄ ʹ ʸʺˍʹˋʹ ˍˇˎ ˁʱʻʶ 

ˉʶ˂ʱˍʹ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʺ ʾˋʹ ˃ʶ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˈˊʽˇ 

ˋˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶ˅ˎˉʹˊʶˍʺˋʶ˖˄ ʴʽʰ ˍˇ˄ ˁʱʻʶ ˉʶ˂ʱˍʹ 

¶ VRP+ : ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶˏˊʶˋʹˌ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˈˍʰ˄ ʹ ʸʺˍʹˋʹ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ 

ʶ˄ˈˌ ˉʶ˂ʱˍʹ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˋˍˈ˂ˇˎ ˁʰʽ 

ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶ˅ˎˉʹˊʶˍʺˋʶ˖˄ ʴʽʰ ˍˇ ˁʱʻʶ ˉʶ˂ʱˍʹ ʶʾ˄ʰʽ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ʵˎ˄ʰˍˈΣ ʵʹ˂ʰʵʺ 

ˍˇ ˉ˂ʺʻˇˌ ʶ˅ˎˉʹˊʶˍʺˋʶ˖˄ ʴʽʰ ˍˇ˄ ˁʱʻʶ ˉʶ˂ʱˍʹ ʶʾ˄ʰʽ ˇ ˂ˈʴˇ ̩̱ ʹˌ ʸʺˍʹˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ 

ˉˊˇˌ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋˍˊˇʴʴˎ˂ˇˉˇʽʹ˃ʷ˄ˇˌ ˉˊˇˌ ˍˇ˄ ʶˉˈ˃ʶ˄ˇ 

˃ʶʴʰ˂ˏˍʶˊˇ ʰˁʷˊʰʽˇ ʰˊʽʻ˃ˈ 

¶ SDVRP+ : ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶˏˊʶˋʹˌ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˈˍʰ˄ ʹ ʸʺˍʹˋʹ 

ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʶ˄ˈˌ ˉʶ˂ʱˍʹ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ 

ˋˍˈ˂ˇˎ ˁʰʽ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˈˊʽˇ ˋˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶ˅ˎˉʹˊʶˍʺˋʶ˖˄ ʴʽʰ ˍˇ˄ ˁʱʻʶ ˉʶ˂ʱˍʹ 

ʅˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˉˇ˂˂ʷˌ ˂ˏˋʶʽˌ ʴʽʰ ˍˇ SDVRP ˉˇˎ ʶ˅ʶˍʱʸˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ʶˁʵˇ˔ʷˌ ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰ˄ʰ˂ˎˍʽˁʷˌΣ ʶˎˊʶˍʽˁʷˌ ˁʰʽ ˃ʶˍʰʶˎˊʶˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ʴʽʰ ˍʹ˄ 

ʶˉʾˍʶˎ˅ʹ ʶˏˊʶˋʹˌ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ʺ ˃ʽʰˌ ʰˉˇʵʶˁˍʺˌ ˎˉˇʲʷ˂ˍʽˋˍʹˌ ˂ˏˋʹˌ ˋʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ 

˔ˊˇ˄ʽˁʱ ˉ˂ʰʾˋʽʰ   (Archetti, Savelsbergh, et al., 2006; Archetti & Speranza, 2008; Archetti, 

Speranza, & Hertz, 2006; Archetti, Speranza, & Savelsbergh, 2008; Boudia, Prins, & Reghioui, 

2007; S. Chen, Golden, & Wasil, 2007; Dror & Trudeau, 1989, 1990) . 

2.2.1.2 ʆˇ VRP ˃ ʶ ˉʰˊʰʵˈˋʶʽˌ ˁʰʽ ˉʰˊʰ˂ʰʲʷˌ όPickup and Delivery VRP)  

ʆʰ ʻʶ˃ʶ˂ʽ˗ʵʹ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˃ˇ˄ˍʶ˂ˇˉˇʽˇˏ˄ ˁˎˊʾ˖ˌ ʵʾˁˍˎʰ 

ʵʽʰ˄ˇ˃ʺˌΦ ʃʱˊʰˎˍʰΣ ʶʾ˄ʰʽ ʰˉˇ˂ˏˍ˖ˌ ʶ˒ʰˊ˃ˈˋʽ˃ʰ ˁʰʽ ˋʶ ʵʾˁˍˎʰ ˋˎ˂˂ˇʴʺˌ ʰʴʰʻ˗˄Σ ʰ˄ 

ʻʶ˖ˊʹʻʶʾ ˈˍʽ ʹ ˊˇʺ ˍ˖˄ ʰʴʰʻ˗˄ ʶʾ˄ʰʽ ʰ˄ˍʾˋˍˊˇ˒ʹΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍʹ ˋˎ˂˂ˇʴʺ 

ʰˉˇˊˊʽ˃˃ʱˍ˖˄. ʅˎ˄ʶˉ˗ˌΣ ˉˊˇʷˁˎ˕ʶ ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ 

ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʰˊʰʵˈˋʶʽˌ ʰ˂˂ʱ ˁʰʽ ˉʰˊʰ˂ʰʲʷˌ όPickup and Delivery Vehicle 

Routing Problem - PDVRP). 

ʅˍˇ ˍˎˉʽˁˈ PDVRP ˇ ˁʱʻʶ ˉʶ˂ʱˍʹˌ ʸʹˍʱʶʽ  ʶʾˍʶ ˄ʰ ˍˇˎ ˉʰˊʰʵˇʻˇˏ˄ ʰʴʰʻʱΣ ʶʾˍʶ ˄ʰ 

ˉʰˊʰ˂ʹ˒ʻˇˏ˄ ʰˉˈ ʰˎˍˈ˄ ʰʴʰʻʱΣ ʶʾˍʶ ˁʰʽ ˍʰ ʵˏˇΣ ˃ʶ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ˍʰ ʰʴʰʻʱ ˉˇˎ ʻʰ ˍˇˎ 
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ˉʰˊʰʵˇʻˇˏ˄ ˄ʰ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹ ˁʰʽ ˍʰ ʰʴʰʻʱ ˉˇˎ ʻʰ ˉʰˊʰ˂ʹ˒ʻˇˏ˄ 

ʰˉˈ ʰˎˍˈ˄ ˄ʰ ˁʰˍʰ˂ʺ˅ˇˎ˄ ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹΦ ʅˏ˃˒̟ ˄ʰ ˃ʶ ˍˇˎˌ (Subramanian et al., 

2013) ̌ ʽ ʶˁʵˇ˔ʷˌ ˍˇˎ VRP ˃ ʶ ˉʰˊʰʵˈˋʶʽˌ ˁʰʽ ˉʰˊʰ˂ʰʲʷˌ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

¶ VRPSPD ς VRP with Simultaneous Pickup and Delivery (VRP ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʶˌ 

ˉʰˊʰʵˈˋʶʽˌ ˁʰʽ ˉʰˊʰ˂ʰʲʷˌύΥ ˋˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˁʵˇ˔ʺ ˇ ˁʱʻʶ ˉʶ˂ʱˍʹˌ ˉˊˇˌ 

ʶ˅ˎˉʹˊʷˍʹˋʹ ʵʽʷˉʶˍʰʽ ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˉˇˋˈˍʹˍʰ ʰʴʰʻ˗˄ ˉˊˇˌ ˉʰˊʰ˂ʰʲʺ ˁʰʽ 

ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˉˇˋˈˍʹˍʰ ʰʴʰʻ˗˄ ˉˊˇˌ ˉʰˊʱʵˇˋʹ (Subramanian, Drummond, 

Bentes, Ochi, & Farias, 2010; Zachariadis & Kiranoudis, 2011). 

¶ VRPMPD ς VRP with Mixed Pickup and Delivery (VRP ˃ʶ ˃ʽˁˍʷˌ ˉʰˊʰʵˈˋʶʽˌ ˁʰʽ 

ˉʰˊʰ˂ʰʲʷˌύΥ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˁʵˇ˔ʺ ˇ ˁʱʻʶ ˉʶ˂ʱˍʹˌ ˉˊˇˌ ʶ˅ˎˉʹˊʷˍʹˋʹ ʵʽʷˉʶˍʰʽ 

ʶʾˍʶ ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˉˇˋˈˍʹˍʰ ʰʴʰʻ˗˄ ˉˊˇˌ ˉʰˊʰ˂ʰʲʺ ʶʾˍʶ ʰˉˈ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˉˇˋˈˍʹˍʰ ʰʴʰʻ˗˄ ˉˊˇˌ ˉʰˊʱʵˇˋʹ (Gajpal & Abad, 2009; Ropke & 

Pisinger, 2006). 

ɳˉʽˉˊˇˋʻʷˍ˖ˌ, ʷ˔ʶʽ ˃ʶ˂ʶˍʹʻʶʾ ˁʰʽ ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRPPD ˋˍʹ˄ ˇˉˇʾʰ ʵʶ˄ ˎˉʱˊ˔ʶʽ 

ʰˉʰˊʰʾˍʹˍʰ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹ ˁʰʽ ʹ ˁʱʻʶ ˉʰˊʰʴʴʶ˂ʾʰ ʴʽʰ ʰʴʰʻʱ ˉˊˇˌ ʶ˅ˎˉʹˊʷˍʹˋʹ 

˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ʰˉˇˋˍˇ˂ʷʰ ˁʰʽ ˉʰˊʰ˂ʺˉˍʹ (Parragh, Doerner, & Hartl, 

2008; Yanik, Bozkaya, & deKervenoael, 2014). 

2.2.2 ʅˍˈ˂ˇˌ ʁ˔ʹ˃ʱˍ˖˄ ˁʰʽ ɼʷ˄ˍˊˇ ɲʽʰ˄ˇ˃ʺˌ 

2.2.2.1 VRP ˃ ʶ ʰ˄ˇ˃ˇʽˇʴʶ˄ʺ ˋˍˈ˂ˇ ˇ˔ʹ˃ʱˍ˖˄ (Heterogeneous Fleet VRP) 

ʁʽ ˉʶˊʽˋˋˈˍʶˊˇʽ ˋˍˈ˂ˇʽ ˇ˔ʹ˃ʱˍ˖˄ ˋˎ˄ʵˎʱʸˇˎ˄ ʰˊˁʶˍˇˏˌ ˍˏˉˇˎˌ ˇ˔ʹ˃ʱˍ˖˄Σ ˁˎˊʾ˖ˌ ˂ˈʴ˖ ˍʹˌ 

ˋˍʰʵʽʰˁʺ ̩ʰ˄ˍʽˁʰˍʱˋˍʰˋʺˌ ˍˇˎˌ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍʹ ˄ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎˌ. 

ɳˉˇ˃ʷ˄˖ˌΣ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRP ˃ʶ ʰ˄ˇ˃ˇʽˇʴʶ˄ʺ ˋˍˈ˂ˇ ˇ˔ʹ˃ʱˍ˖˄ 

(Heterogeneous Fleet Vehicle Routing Problem - HFVRP) ˋˍʹ˄ ˇˉˇʾʰ ˇ ˋˍˈ˂ˇˌ ˇ˔ʹ˃ʱˍ˖˄ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇˎˌ ˍˏˉ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ʶ˄˗  ̌ ˁʱʻʶ ˍˏˉˇˌ ˇ˔ʺ˃ʰˍˇˌ 

ʰ˄ˍʽˋˍˇʽ˔ʁ ʾ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ. 

ɳˁˍˈˌ ʰˎˍ˗˄ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʴʽʰ ˍˇ˄ ˁʱʻʶ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌ ˉˇˎ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ̀ ˍʹ˄ ˉˊ˗ˍʹ 

ʶˁʵˇ˔ʺ ˍˇˎ HFVRPΣ ˃ʶ˂ʶˍʹˍʷˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʷ˔ˇˎ˄ ˉˊˇˋʻʷˋʶʽ ˉʶˊʽˋˋˈˍʶˊʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈˉ˖ˌ ʶ˒ʱˉʰ˅ ˁˈˋˍˇˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˈ˔ʹ˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ (Fixed 

Cost), ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʶˍʰʲ˂ʹˍˈ ˁˈˋˍˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʵʽʰ˄ˎˈ˃ʶ˄ʹˌ ʰˉˈˋˍʰˋʹˌ (Variable 

Cost) ˁ ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˁʱʻʶ ʶʾʵˇˎˌ (Fleet Size and Mix - 

FSM) (Gendreau, Laporte, et al., 1999; Lima, Goldbarg, & Goldbarg, 2004; Soonpracha, 

Mungwattana, Janssens, & Manisri, 2014). 

ʅˏ ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ (Subramanian, Penna, Uchoa, & Ochi, 2012), ̌ ʽ ʶˁʵˇ˔ʷˌ ˍˇˎ HFVRP ʁ ʾ˄ʰʽ ˇʽ 

ʰˁˈ˂ˇˎʻʶˌΥ 

¶ HVRPFV ς Fixed and Variable Cost: ˃ ʶ ʁ˒ʱˉʰ˅ ˁˈˋˍˇˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˈ˔ʹ˃ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ, ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʶˍʰʲ˂ʹˍˈ ˁˈˋˍˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʵʽʰ˄ˎˈ˃ʶ˄ʹˌ 

ʰˉˈˋˍʰˋʹˌ, ˁ ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˁʱʻʶ ʶʾʵˇˎˌ 
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¶ HVRPV ς Variable Cost: ̄ ʶˊʽˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˁʱʻʶ ʶʾʵˇˎˌ, 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʶˍʰʲ˂ʹˍˈ ˁˈˋˍˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʵʽʰ˄ˎˈ˃ʶ˄ʹˌ ʰˉˈˋˍʰˋʹˌΣ ˔˖ˊʾˌ ɳɼʋ 

¶ FSMFV ς Fixed and Variable Cost: ʶ˒ʱˉʰ˅ ˁˈˋˍˇˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˈ˔ʹ˃ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ, ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʶˍʰʲ˂ʹˍˈ ˁˈˋˍˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʵʽʰ˄ˎˈ˃ʶ˄ʹˌ 

ʰˉˈˋˍʰˋʹˌΣ ˔˖ˊʾˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˁʱʻʶ ʶʾʵˇˎˌ 

¶ FSMF ς Fixed Cost: ʶ˒ʱˉʰ˅ ˁˈˋˍˇˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˈ˔ʹ˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ, 

˔˖ˊʾˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˁʱʻʶ ʶʾʵˇˎˌ ˁʰʽ ˔˖ˊʾˌ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʶˍʰʲ˂ʹˍˈ ˁˈˋˍˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʵʽʰ˄ˎˈ˃ʶ˄ʹˌ ʰˉˈˋˍʰˋʹˌ  

¶ FSMV ς Variable Cost: ̄ ˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʶˍʰʲ˂ʹˍˈ ˁˈˋˍˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ʵʽʰ˄ˎˈ˃ʶ˄ʹˌ 

ʰˉˈˋˍʰˋʹˌΣ ˔˖ˊʾˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˎ ˁʱʻʶ ʶʾʵˇˎˌ ˁʰʽ 

˔˖ˊʾˌ ʶ˒ʱˉʰ˅ ˁˈˋˍˇˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˈ˔ʹ˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 

ɾʶˊʽˁˇʾ ʰˁˈ˃ʹ ˃ʶ˂ʶˍʹˍʷˌ ˍˇˎ HFVRP ʶʾ˄ʰʽ ˇʽ (Brandńo, 2011; Leung, Zhang, Zhang, Hua, & 

Lim, 2013; Prins, 2002, 2009). 

2.2.2.2 ɮ˄ˇʽ˔ˍˈ VRP (Open VRP) 

ʆˇ ζɮ˄ˇʽ˔ˍˈ VRPη όOpen Vehicle Routing Problem ς OVRPύ ˉˊ˖ˍˇʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ 

ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˃ˈ˂ʽˌ ˍˇ нллл ʰˉˈ ˍˇˎˌ (Sariklis & Powell, 2000) ˇʽ ˇˉˇʾˇʽ ˍˇ ˇˊʾʸˇˎ˄ ˖ˌ ˍʹ˄ 

ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRP ˋˍʹ˄ ˇˉˇʾʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˃ʶˍʱ ˍˇ ˉʷˊʰˌ ˍˇˎ ʵˊˇ˃ˇ˂ˇʴʾˇˎ ˍˇˎˌ ʵʶ˄ 

ʰˉʰʽˍʶʾˍʰʽ ˄ʰ ʶˉʽˋˍˊʷ˕ˇˎ˄ ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹΣ ʶ˄˗ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʶˉʽˋˍˊʷ˒ˇˎ˄ 

ˋˍʹ˄ ʰˉˇʻʺˁʹΣ ʶˉʽˋˍˊʷ˒ˇˎ˄ ʰˉˈ ˍʹ ʵʽʰʵˊˇ˃ʺ ˉˇˎ ʰˁˇ˂ˇˏʻʹˋʰ˄ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ ˍ˖˄ 

ˉʶ˂ʰˍ˗˄Φ ɲʹ˂ʰʵʺ, ʹ ʵʽʰʵˊˇ˃ʺ ˍˇˎ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌ ʵʶ ˋ˔ʹ˃ʰˍʾʸʶʽ ˁˏˁ˂ˇ Hamilton όˁ˂ʶʽˋˍʺ 

ʵʽʰʵˊˇ˃ʺύ ˈˉ˖ˌ ˋˍˇ VRPΣ ʰ˄ˍʾʻʶˍʰ ˋ˔ʹ˃ʰˍʾʸʶʽ ˃ˇ˄ˇˉʱˍʽ Hamilton όʰ˄ˇʽ˔ˍʺ ʵʽʰʵˊˇ˃ʺύ (W. 

Wang, Wu, Zhao, & Feng, 2006). ʅˎ˄ʶˉ˗ˌΣ ˍˇ ˉˊˈʲ˂ʹ˃ʰ OVRP ʰ˄ʱʴʶˍʰʽ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ 

ʶˏˊʶˋʹˌ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ˃ˇ˄ˇˉʰˍʽˇˏ Hamilton (Hamiltonian PathύΣ ˃ʶˍʱ ˍˇ˄ ˁʰˍʰ˃ʶˊʽˋ˃ˈ ˍ˖˄ 

ˉʶ˂ʰˍ˗˄ ˋˍˇ ˁʱʻʶ ˈ˔ʹ˃ʰ (P. P. Repoussis, Tarantilis, BrŅysy, & Ioannou, 2010). 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ OVRP ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˇˁˍ˗ ˉʶ˂ʰˍ˗˄ ˁʰʽ 

ˍˊʽ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˋˍˇ ˇˉˇʾˇ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˇʽ ʵʽʰʵˊˇ˃ʷˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˉˈ ˁʱˉˇʽʰ ˁʶ˄ˍˊʽˁʺ 

ʰˉˇʻʺˁʹ ʶʾ˄ʰʽ ζʰ˄ˇʽ˔ˍʷˌηΣ ʵʹ˂ʰʵʺ ʰˉˇˍʶ˂ˇˏ˄ ɾˇ˄ˇˉʱˍʽ Hamilton. 
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ǝȖȆȋȀ ǣ :

 

ʅ˔ʺ˃ʰ 2.1 Υ ʃʰˊʱʵʶʽʴ˃ʰ OVRP 

ɶ ˉʰˊʰ˂˂ʰʴʺ ʰˎˍʺ ˔ˊʹ̀̔ ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˉˇ˂˂ʱ ˉʶʵʾʰΣ ˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ 

ʶˍʰʽˊʶʾʶˌ ʶ˒ˇʵʽʰˋˍʽˁʺˌ ˍˊʾˍˇˎ ˉˊˇˋ˗ˉˇˎ (3PL)Σ ˋˍʹ ʵʽʰ˄ˇ˃ʺ ʶ˒ʹ˃ʶˊʾʵ˖˄ ˁ ʰˍΩ ˇʾˁˇ˄ ˁʰʽ ˋˍʹ 

˃ʶˍʰ˒ˇˊʱ ˃ʰʻʹˍ˗˄ ʰˉˈ ʽʵʽ˖ˍʽˁʱ ˂ʶ˖˒ˇˊʶʾʰΣ ʵʽˈˍʽ ˇʽ ʶˍʰʽˊʾʶˌ ʰˎˍˇˏ ˍˇˎ ʶʾʵˇˎˌ 

ˉˊˇˋ˂ʰ˃ʲʱ˄ˇˎ˄ ˇʵʹʴˇˏˌ ˃ʶ ʽʵʽˈˁˍʹˍʰ ˇ˔ʺ˃ʰˍʰΣ ˋˎ˄ʶˉ˗ˌ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ˄ʰ ʶˉʽˋˍˊʷ˕ˇˎ˄ 

ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʲʱˊʵʽʰˌ ˍˇˎˌ (W. Wang et al., 2006). 

ɶ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˃ʶ˂ʶˍʹˍ˗˄ ˍˇˎ OVRPΣ ʻʶ˖ˊˇˏ˄ ˈˍʽ ˍˇ ˁˈˋˍˇˌ ˍʹˌ ˔ˊʺˋʹˌ ʶˉʽˉ˂ʷˇ˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˅ʶˉʶˊ˄ʱ ˁʰˍʱ ˉˇ˂ˏ ˍˇ ˃ʶˍʰʲ˂ʹˍˈ ˁˈˋˍˇˌ ˁʾ˄ʹˋʹˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˋˎ˄ʶˉ˗ˌ 

ʲʶ˂ˍʽˋˍˇˉˇʽʶʾˍʰʽ ʰˊ˔ʽˁʱ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄-ʵʽʰʵˊˇ˃˗˄ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ ˋˎ˄ˇ˂ʽˁʺ 

ʰˉˈˋˍʰˋʹ ˉˇˎ ʵʽʰ˄ˏʶˍʰʽ ʰʻˊˇʽˋˍʽˁʱ ʰˉˈ ˍʰ ˇ˔ʺ˃ʰˍʰ (Fleszar, Osman, & Hindi, 2009; Z Fu, 

Eglese, & Li, 2006; Zhuo Fu, Eglese, & Li, 2005; Li, Golden, & Wasil, 2007; Zachariadis & 

Kiranoudis, 2010). 
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2.2.2.3 VRP ˃ ʶ ˉˇ˂˂ʰˉ˂ʱ ʵˊˇ˃ˇ˂ˈʴʽʰ όMulti -ʆrip VRP) 

ʅˍˇ ˉˊˈʲ˂ʹ˃ʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˉˇ˂˂ʰˉ˂ʱ ʵˊˇ˃ˇ˂ˈʴʽʰ όMulti-Trip Vehicle 

Routing Problem ς MTVRP)Σ ʰ˄ˍʾʻʶˍʰ ˃ʶ ˍˇ ʃˊˈʲ˂ʹ˃ʰ ɲˊˇ˃ˇ˂ˈʴʹˋʹˌ ʁ˔ʹ˃ʱˍ˖˄ όVRP) ˋˍˇ 

ˇˉˇʾˇ ˍˇ ˁʱʻʶ ˈ˔ʹ˃ʰ ʶˁˍʶ˂ʶʾ ʷ˄ʰ ˁʰʽ ˃ˈ˄ˇ ʵˊˇ˃ˇ˂ˈʴʽˇΣ ʵˏ˄ʰˍʰʽ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ˇ˔ʺ˃ʰˍʰ 

˄ʰ ʶˁˍʶ˂ʷˋˇˎ˄ ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ ʷ˄ʰ ʵˊˇ˃ˇ˂ˈʴʽʰ, ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ˅ʶˉʶˊʱˋʶʽ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ˋˍˈ˂ˇˎ ˇ˔ʹ˃ʱˍ˖˄Σ ʶ˄˗ ʹ ˉˊ˗ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ 

˃ʶ˂ʷˍʹ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ MTVRP ʶʾ˄ʰʽ ʰˎˍʺ ˍˇˎ Fleischmann (1990). ɶ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʵʽʰ˄ˇ˃˗˄ ˖ˌ MTVRP ̀ ˎ˄ʰ˄ˍʱˍʰʽ ˁ ˎ́ʾ˖ˌ ̀ ʶ ˉˊʰˁˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˋˍʽˌ ˇˉˇʾʶˌ 

ʰˉʰʽˍʶʾˍʰʽ ˃ʽˁˊˈ ˃ʷʴʶʻˇˌ ˇ˔ʹ˃ʱˍ˖˄ς ˋˎ˄ʶˉ˗ˌ ˃ʽˁˊʺ ˔˖ˊʹˍʽˁˈˍʹˍʰ- ˋˎ˄ʶˉ˗ˌ ʹ ˉʽʻʰ˄ˈˍʹˍʰ 

ˍʹˌ ʶˉʽˋˍˊˇ˒ʺˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹ ˄˖ˊʾˍʶˊʰ ˍˇˎ ˍʷ˂ˇˎˌ ˍʹˌ ʹ˃ʷˊʰˌ ʶʾ˄ʰʽ 

˃ʶʴʱ˂ʹ ˁʰʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ʵˏ˄ʰˍʰʽ ˄ʰ ʶˁˍʶ˂ʷˋˇˎ˄ ˉʶˊʽˋˋˈˍʶˊʰ ˍˇˎ ʶ˄ˈˌ ʵˊˇ˃ˇ˂ˈʴʽʰ (Battarra, 

Monaci, & Vigo, 2009)Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍˇ 

MTVRP ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ Cattaruzza, Absi, FeilletΣ ˁʰʽ Vidal (2014). 

¶ ɶ ˁʱʻʶ ʵʽʰʵˊˇ˃ʺ ˍˇˎ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌ ˅ʶˁʽ˄ʱ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹ 

¶ ʁ ˁʱʻʶ ˉʶ˂ʱˍʹˌ ʶ˅ˎˉʹˊʶˍʶʾˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʾʰˌ ˁʰʽ ˃ˈ˄ˇ ʵʽʰʵˊˇ˃ʺˌ ʶ˄ˈˌ ˁʰʽ 

˃ˈ˄ˇ ˇ˔ʺ˃ʰˍˇˌ 

¶ ɶ ʸʺˍʹˋʹ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ˉˇˎ ʶ˅ˎˉʹˊʶˍˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ʾʵʽˇ ˈ˔ʹ˃ʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ 

ʾʵʽʰˌ ʵʽʰʵˊˇ˃ʺˌ ˍˇˎ ʵʶ˄ ˅ʶˉʶˊ˄ʱ ʰʻˊˇʽˋˍʽˁʱ ˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ 

¶ ɶ ˋˎ˄ˇ˂ʽˁʺ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˉˇˎ ʵʽʰ˄ˏʶʽ ˍˇ ˁʱʻʶ ˈ˔ʹ˃ʰ ʵʶ˄ ˅ʶˉʶˊ˄ʱ ˃ʾʰ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˍʽ˃ʺ 

ʅˍˇ ʅ˔ʺ˃ʰ 2.2 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʱʵʶʽʴ˃ʰ ʶ˄ˈˌ MTVRP ˃ ʶ ʵˏˇ ˇ˔ʺ˃ʰˍʰ ˋˍˇ ˇˉˇʾˇ ˍˇ ˉˊ˗ˍˇ 

ˈ˔ʹ˃ʰ όɮύ ʶˁˍʶ˂ʶʾ ʵˏˇ ʵˊˇ˃ˇ˂ˈʴʽʰ ʵˏˇ ˉʶ˂ʰˍ˗˄ ˍˇ ˁʰʻʷ˄ʰ όˍˇ ʵˊˇ˃ˇ˂ˈʴʽˇ м-н ˁʰʽ ˍˇ 

ʵˊˇ˃ˇ˂ˈʴʽˇ о-рύ ʶ˄˗ ˍˇ ʵʶˏˍʶˊˇ ˈ˔ʹ˃ʰ όɰύ ʶˁˍʶ˂ʶʾ ʷ˄ʰ ʵˊˇ˃ˇ˂ˈʴʽˇ ˍʶˋˋʱˊ˖˄ ˉʶ˂ʰˍ˗˄ όˍˇ 

ʵˊˇ˃ˇ˂ˈʴʽˇ п-8-7-6). 
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ǝȖȆȋȀ ǡ - ǰȐȝȓȎ ǤȐȎȋȎȊțȂȈȎ:

ǝȖȆȋȀ ǡ - ǤȄȜȓȄȐȎ ǤȐȎȋȎȊțȂȈȎ:

ǝȖȆȋȀ Ǣ - ǰȐȝȓȎ ǤȐȎȋȎȊțȂȈȎ:

A

A

B

 

ʅ˔ʺ˃ʰ 2.2 Υ ʃʰˊʱʵʶʽʴ˃ʰ MTVRP 

ʆˇ ɾʆVRP ʷ˔ʶʽ ˃ʶ˂ʶˍʹʻʶʾ ʰˊˁʶˍʱ ˍʽˌ ˍʶ˂ʶˎˍʰʾʶˌ ʵˏˇ ʵʶˁʰʶˍʾʶˌ ˁʰʽ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ʰˊˁʶˍˇʾΣ 

ˁˎˊʾ˖ˌ ˃ʶˍʰʶˎˊʶˍʽˁˇʾ ˃ʷʻˇʵˇʽΣ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʺ ˍˇˎ (Brandńo & Mercer, 1997; Cattaruzza, 

Absi, Feillet, Guyon, & Libeaut, 2013; Petch & Salhi, 2003; Prins, 2002; Salhi & Petch, 2007; 

 en & BǸlbǸl, 2008). 

2.2.2.4 VRP ˃ ʶ ˉˇ˂˂ʰˉ˂ʷˌ ʰˉˇʻʺˁʶˌ όMulti  Depot VRP) 

ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ 

ʰˉˇʻʺˁʶˌ όMulti Depot Vehicle Routing Problem ς MDVRPύ ˃ʶ˂ʶˍʺʻʹˁʶ ʰˊ˔ʽˁʱ ˍʹ ʵʶˁʰʶˍʾʰ 

1970-1980 (Gillett & Johnson, 1976; Tillman & Cain, 1972; Wren & Holliday, 1972) ˁʰʽ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʾʰ ˁʶ˄ˍˊʽˁʷˌ ʰˉˇʻʺˁʶˌ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ˅ʶˁʽ˄ˇˏ˄ ˁʰʽ 

ˍʶˊ˃ʰˍʾʸˇˎ˄ ˍʽˌ ʵʽʰʵˊˇ˃ʷˌ ˍˇˎˌ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˊˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹΦ ʃʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 

ˉʶˊʽˇˊʽˋ˃ˇʾ ˉˇˎ ʵʽʷˉˇˎ˄ ˍˇ MDVRP ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ Escobar, Linfati, Toth ˁʰʽ Baldoquin 

(2014) : 

¶ ˍʰ ˇ˔ʺ˃ʰˍʰ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ʵˊˇ˃ˇ˂ˇʴʾˇˎ ˉˇˎ ʶˁˍʶ˂ˇˏ˄ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ ˍ˖˄ ˉʶ˂ʰˍ˗˄ 

ʶˉʽˋˍˊʷ˒ˇˎ˄ ˋˍʹ˄ ʰˉˇʻʺˁʹ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ˅ʶˁʾ˄ʹˋʰ˄ 

¶ ˁʱʻʶ ˉʶ˂ʱˍʹˌ ˉˊʷˉʶʽ ˄ʰ ʶ˅ˎˉʹˊʶˍʹʻʶʾ ʰˁˊʽʲ˗ˌ ˃ʾʰ ˒ˇˊʱ ˁ ʰʽ ʰˉˈ ʷ˄ʰ ˁʰʽ ˃ˈ˄ˇ ˈ˔ʹ˃ʰ 

¶ ʹ ˋˎ˄ˇ˂ʽˁʺ ʸʺˍʹˋʹ ˉˇˎ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ ˁʱʻʶ ˈ˔ʹ˃ʰ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ˅ʶˉʶˊ˄ʱ ˍʹ 

˔˖ˊʹˍʽˁˈˍʹˍʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʰˎˍˇˏ 
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¶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˅ʶˁʽ˄ˇˏ˄ ˍʹ ʵʽʰʵˊˇ˃ʺ ˍˇˎˌ ʰˉˈ ˍʹ˄ ˁʱʻʶ ʰˉˇʻʺˁʹ ʵʶ˄ 

ˉˊʷˉʶʽ ˄ʰ ˅ʶˉʶˊ˄ˇˏ˄ ˃ʾʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˍʽ˃ʺ 

¶ ʹ ˋˎ˄ˇ˂ʽˁʺ ʵʽʱˊˁʶʽʰ ˍʹˌ ʵʽʰʵˊˇ˃ʺˌ ˍˇˎ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ˅ʶˉʶˊ˄ʱ ˃ʾʰ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˍʽ˃ʺ 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ MDVRP ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˇˁˍ˗ ˉʶ˂ʰˍ˗˄ ˁʰʽ 

ʵˏˇ ʰˉˇʻʹˁ˗˄: 

ƿǭǬǥǛǧǤ ƿ

2
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4
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6

1

3 5

A

ǣ

B

ǝȖȆȋȀ ǡ :

ǝȖȆȋȀ Ǣ :

ǝȖȆȋȀ ǣ :

ƿǭǬǥǛǧǤ ǀ

 

ʅ˔ʺ˃ʰ 2.3 Υ ʃʰˊʱʵʶʽʴ˃ʰ MDVRP 

ʆˇ MDVRP ʵˏ˄ʰˍʰʽ ˄ʰ ˃ˇ˄ˍʶ˂ˇˉˇʽʹʻʶʾ ˖ˌ PVRP όˁʶ˒ʱ˂ʰʽˇ 2.2.3ύΣ ˁʰʻ˗ˌ ˇʽ ˉˇ˂˂ʰˉ˂ʷˌ 

ʰˉˇʻʺˁʶˌ ˍˇˎ MDVRP ˉʰˊʰ˂˂ʹ˂ʾʸˇ˄ˍʰʽ ˃ʶ ˍʽˌ ˉˇ˂˂ʰˉ˂ʷˌ ˉʶˊʽˈʵˇˎˌ ˍˇˎ PVRPΣ ˋˎ˄ʶˉ˗ˌ 

ˁʱʻʶ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˇˎ ˂ˏ˄ʶʽ PVRP ˃ˉˇˊʶʾ ʶ˅ʾˋˇˎ ˄ʰ ˂ˏˋʶʽ MDVRP (Contardo & Martinelli, 

2014). ʆˇ MDVRP ʷ˔ʶʽ ˃ʶ˂ʶˍʹʻʶʾ ʶˁˍʶ˄˗ˌ ˁʰʽ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˍˈˋˇ ʰ˄ʰ˂ˎˍʽˁʷˌ ˈˋˇ ˁʰʽ 

ʶˎˊʶˍʽˁʷˌ ς ˃ʶˍʰʶˎˊʶˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʺ ˍˇˎ (Baldacci & Mingozzi, 2009; 

Gulczynski, Golden, & Wasil, 2011; Kuo & Wang, 2012). 
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2.2.3 ʋˊˇ˄ʽˁˈˌ ʁˊʾʸˇ˄ˍʰˌ ɲˊˇ˃ˇ˂ˈʴʹˋʹˌ 

2.2.3.1 To VRP ˃ ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˉʶˊʽˈʵˇˎˌ όPeriodic VRP) 

H ʰ˄ʱʴˁʹ ʴʽʰ ˋ˔ʶʵʽʰˋ˃ˈ ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ʴʽʰ ˉˇ˂˂ʰˉ˂ʷˌ ˉʶˊʽˈʵˇˎˌ όʴʽʰ ˁʱʻʶ ʹ˃ʷˊʰ ˍʹˌ 

ʶʲʵˇ˃ʱʵʰˌΣ ʺ ʴʽʰ ˁʱʻʶ ʶʲʵˇ˃ʱʵʰ ˍˇˎ ˃ʺ˄ʰύ ˇʵʺʴʹˋʶ ˋˍʹ˄ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˉʶˊʽˈʵˇˎˌ όPeriodic Vehicle Routing Problem ς 

PVRP). ɶ ʵʽʰ˒ˇˊʱ ˍˇˎ PVRP ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ VRP ʷʴˁʶʽˍʰʽ ˋˍˇ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ˇˊʾʸˇ˄ˍʰ ˁʰʽ ˍʹˌ ˉʶˊʽˈʵˇˎΥ ˋˍˇ PVRP ˉˊʷˉʶʽ ˄ʰ ʶ˅ˎˉʹˊʶˍʹʻʶʾ 

ʷ˄ʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˉ˂ʺʻˇˌ ˉʶ˂ʰˍ˗˄ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋˎ˔˄ˈˍʹˍʰ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ʰ˄ʱ 

˔ˊˇ˄ʽˁˈ ˇˊʾʸˇ˄ˍʰ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʸʺˍʹˋʹ ʰ˄ʱ ʶ˅ˎˉʹˊʷˍʹˋʹΣ ʶ˄˗ ʰˉʰʽˍʶʾˍʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ 

ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ʴʽʰ ˉˇ˂˂ʰˉ˂ʷˌ ˔ˊˇ˄ʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˇʽ ˇˉˇʾʶˌ ʰʻˊˇʽˋˍʽˁʱ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ˄ 

˔ˊˇ˄ʽˁˈ ˇˊʾʸˇ˄ˍʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ (Christofides & Beasley, 1984). 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˉʰˊʰ˂˂ʰʴʺˌ ʰˎˍʺˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 2.4 ˍˇ 

ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ Yu and Yang (2011) ˈˉˇˎ ˇ ˔ˊˇ˄ʽˁˈˌ ˇˊʾʸˇ˄ˍʰˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ 

ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ʶʾ˄ʰʽ ˍˊʶʽˌ ʹ˃ʷˊʶˌΣ ʹ ˉʶˊʾˇʵˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ʶʾ˄ʰʽ ˃ʾʰ ʹ˃ʷˊʰΣ ʶ˄˗ ʹ 

ˋˎ˔˄ˈˍʹˍʰ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ʶʾ˄ʰʽ ʶʾˍʶ ˁʰʻʹ˃ʶˊʽ˄ʺ ʶʾˍʶ ˁʱʻʶ ʵˏˇ ʶʾˍʶ ˁʱʻʶ ˍˊʶʽˌ 

ʹ˃ʷˊʶˌΦ 

 

 

ʅ˔ʺ˃ʰ 2.4 Υ ʃʰˊʱʵʶʽʴ˃ʰ PVRP (Yu & Yang, 2011) 

ʆ̌  VRP ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˋʰ˄ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄ ˇ ̔Francis, SmilowitzΣ ˁʰʽ Tzur 

(2008) ˇ̔ ˇˉˇʾˇʽ ˃ʶ˂ʷˍʹˋʰ˄ ʵʽʱ˒ˇˊʶˌ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ VRP ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˉʶˊʽˈʵˇˎˌΣ ˈˉ˖ˌ 

ˍʹ˄ ˉʰˊʰ˂˂ʰʴʺ ˈˉˇˎ ʹ ʸʺˍʹˋʹ ˍˇˎ ˁʱʻʶ ˉʶ˂ʱˍʹ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˔ˊˈ˄ˇ ˉˇˎ ʷ˔ʶʽ ˉʶˊʱˋʶʽ 

ʰˉˈ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˒ˇˊʱ ˉˇˎ ʶ˅ˎˉʹˊʶˍʺʻʹˁʶΦ ʆˇ PVRP ʷ˔ʶʽ ˃ʶ˂ʶˍʹʻʶʾ ʶˁˍʶ˄˗ˌΣ ˁˎˊʾ˖ˌ ˍʰ 
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ˍʶ˂ʶˎˍʰʾʰ ʵʶˁʰˉʷ˄ˍʶ ʷˍʹ (Amberg, Domschke, & VoǖΣ нллл; Ombuki-Berman & Hanshar, 

2009). 

2.2.4 ʅˍˇ˔ʰˋˍʽˁʱ ˁʰʽ ɲˎ˄ʰ˃ʽˁʱ ʃˊˇʲ˂ʺ˃ʰˍʰ 

ʅˍʹ˄ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˉʰˊʰ˂˂ʰʴ˗˄ ̱ ˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ɻ ˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ̱ ʰ ʵʶʵˇ˃ʷ˄ʰ 

ˍˇˎ ˁʱʻʶ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁ ɦ(D. J. Bertsimas, 1992), ʻʶ˖ˊʶʾˍʰʽ ʵʹ˂ʰʵʺ ˈˍʽ 

ʷ˔ˇˎ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ ʹ ˇˉˇʾʰ ʵʶ ʻʰ ˃ʁ ˍʰʲ˂ʹʻʶʾ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰΣ ʺ ˃ʶˍʱ ˍˇ ˉʷˊʰˌ ˍˇˎ 

ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ʃʱˊʰˎˍʰΣ ˋˍʹ˄ ̄ ˊʱ˅ʹΣ ́  ˉ˂ʹˊˇ˒ˇˊʾʰ ʷ˔ʶʽ ʵˏˇ 

ʻʶ˃ʶ˂ʽ˗ʵʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΥ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˁʰʽ ˍʹ˄ ˉʽʻʰ˄ʺ ʶ˅ʷ˂ʽ˅ʺ ˍʹˌ (Psaraftis, 1980). 

ʅˎ˄ʶˉ˗ˌΣ ʵʶʵˇ˃ʷ˄ʰ ˈˉ˖ˌ ˇ ˔ˊˈ˄ˇˌ ˍʰ˅ʽʵʽˇˏ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˉˈ ˁʰʽ ˉˊˇˌ ˍʹ˄ ʰˉˇʻʺˁʹ ˁʰʽ 

ˍˇˎˌ ˉʶ˂ʱˍʶˌΣ ʹ ʸʺˍʹˋʹ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ˁʰʽ ˇ ˔ˊˈ˄ˇˌ ʶ˅ˎˉʹˊʷˍʹˋʺˌ ˍˇˎˌ, ʰ˂˂ʱ ʰˁˈ˃ʰ ˁʰʽ ˍˇ 

ˉ˂ʺʻˇˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʺ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ʵʽʷˉˇ˄ˍʰʽ ʰˉˈ ʽˋ˔ˎˊʺ ʰʲʶʲʰʽˈˍʹˍʰ ˁʰʽ ˉʽʻʰ˄ʱ 

˃ʶˍʰʲʱ˂˂ˇ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ (Labadie & 

Prins, 2012). ɳˉˇ˃ʷ˄˖ˌΣ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ʵˊˇ˃̌ ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˋˍʽˌ ˇˉˇʾʶˌ ˋˎ˄ʶˁˍʽ˃ˇˏ˄ˍʰʽ ʹ ʰʲʶʲʰʽˈˍʹˍʰ ˍ˖˄ ʰˊ˔ʽˁ˗˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˖ˌ ˋˍˇ˔ʰˋˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ 

(Stochastic Vehicle Routing Problem - SVRPύ ʰ˂˂ʱ ˁʰʽ ́  ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ˁʰˍʱ ˍʹ 

ʵʽʱˊˁʶʽʰ ˍʹˌ ʶˁˍʷ˂ʶˋʺˌ ˍˇˎˌ ˖ˌ ʵˎ˄ʰ˃ʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ όDynamic 

Vehicle Routing Problem - DVRP). 

2.2.4.1 ʅˍˇ˔ʰˋˍʽˁˈ VRP (Stochastic VRP) 

ʃˊ˗ˍˇˌ ˃ʶ˂ʶˍʹˍʺˌ ˍˇˎ ˋˍˇ˔ʰˋˍʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ όStochastic 

Vehicle Routing Problem ς SVRP) ʶʾ˄ʰʽ ˇ Tillman (1969)  ̌ˇˉˇʾˇˌ ˉˊˈˍʶʽ˄ʶ ˃ʾʰ ˃ʷʻˇʵˇ 

άSavingsέ ʴʽʰ ˍˇ ˉˊˈʲ˂ʹ˃ʰ SVRP ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ʰˉˇʻʺˁʶˌ (Multi-Depot Stochastic Vehicle 

Routing Problem - MDSVRP). ʅˍˇ MDSVRPΣ ʶˁˍˈˌ ˍʹˌ ˏˉʰˊ˅ʹˌ ˉˇ˂˂ʰˉ˂˗˄ ʰˉˇʻʹˁ˗˄Σ ʹ 

ʸʺˍʹˋʹ ˍˇˎ ˁʱʻʶ ˉʶ˂ʱˍʹ ʵʶ˄ ʶʾ˄ʰʽ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʱ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˁʰˍʱ ˍʹ ˋ˔ʶʵʾʰˋʹ ˍ˖˄ 

ʵˊˇ˃ˇ˂ˇʴʾ˖˄Σ ˉʱˊʰˎˍʰ ʰˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʷˋˇ ˈˊˇ ˁʰʽ 

ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ (Moghaddam, Ruiz, & Sadjadi, 2012). 

ʅˍˇ SVRP ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ ʹ ʰʲʶʲʰʽˈˍʹˍʰ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ˉʶ˂ʰˍ˗˄Σ ˍ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˍʹˌ ʰˉˇʻʺˁʹˌ ʰ˄ˍʽˁʰʻʽˋˍ˗˄ˍʰˌ ˍʹ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʺ ˍʽ˃ʺ ˍˇˎˌ ʰˉˈ ˃ʾʰ 

ˋˍʰˍʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ʴ˄˖ˋˍˈ ˃ʷˋˇ ˈˊˇ ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ Cordeau, 

Laporte, Savelsbergh, ˁ ʰʽ Vigo (2006) ˁʰʽ ˍˇˎˌ Victor Pillac, Gendreau, GuŞretΣ ˁʰʽ Medaglia 

(2013)Σ ʷ˔ˇˎ˄ ˃ʶ˂ʶˍʹʻʶʾ ˍˊʶʽˌ ʻʶ˃ʶ˂ʽ˗ʵʹˌ ˉʰˊʱʴˇ˄ˍʶˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ˍ˖˄ ʰˊ˔ʽˁ˗˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ VRP: 

¶ ɶ ʰʲʶʲʰʽˈˍʹˍʰ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ς ˋˍʹ˄ ʶˁʵˇ˔ʺ ʰˎˍʺ ˍˇˎ SVRP ˇ ˁʱʻʶ 

ˉʶ˂ʱˍʹˌ ʵʽʷˉʶˍʰʽ ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˉʽʻʰ˄ˈˍʹˍʰ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ʺ ˃ʹ 

ʶ˅ˎˉʹˊʷˍʹˋʹˌ (D. Bertsimas, 1988; Waters, 1989) 

¶ ɶ ʰʲʶʲʰʽˈˍʹˍʰ ˍ˖˄ ˔ˊˈ˄˖˄ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˁʰʽ ˍ˖˄ ˔ˊˈ˄˖˄ ˍʰ˅ʽʵʽˇˏ ς ˋˍʹ˄ ʶˁʵˇ˔ʺ 

ʰˎˍʺ ˇ ˔ˊˈ˄ˇˌ ˉˇˎ ʻʰ ˔ˊʶʽʰˋˍʶʾ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ ˍˇˎ ˁʱʻʶ ˉʶ˂ʱˍʹˌ ʰ˂˂ʱ ˁʰʽ ˇ 

˔ˊˈ˄ˇˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˃ʶˍʰˁʾ˄ʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˁˇ˂ˇˎʻˇˏ˄ ˁʱˉˇʽʰ 

ˋˍʰˍʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˃ʷˋˇ ˈˊˇ ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ (Kenyon & 
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Morton, 2003; Laporte, Louveaux, & Mercure, 1992; Verweij, Ahmed, Kleywegt, 

Nemhauser, & Shapiro, 2003). 

¶ ɶ ʰʲʶʲʰʽˈˍʹˍʰ ˍʹˌ ʸʺˍʹˋʹˌ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ς ̀ ˍʹ˄ ʶˁʵˇ˔ʺ ʰˎˍʺ ˍˇˎ SVRP ́  ʸʺˍʹˋʹ ˍˇˎ 

ˁʱʻʶ ˉʶ˂ʱˍʹ ʰ˄ˍʾ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˍʽ˃ʺˌ ʵʽʷˉʶˍʰʽ ʰˉˈ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˃ʷˋʹ 

ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ (Christiansen & Lysgaard, 2007; Dror, 

Laporte, & Trudeau, 1989; Laporte, Louveaux, & Van Hamme, 2002; Mendoza, 

Castanier, GuŞret, Medaglia, & Velasco, 2010) 

ʁʽ ˉʽˇ ˋˎ˄ʺʻʶʽˌ ˍʰˁˍʽˁʷˌ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ VRP ˃ʶ ˋˍˇ˔ʰˋˍʽˁʺ ʸʺˍʹˋʹ ʶʾ˄ʰʽ ˇ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˃ʶ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˉʽʻʰ˄ˇˍʺˍ˖˄ (Chance Constrained Programming ς CCP) 

ˁʰʽ ˇ ˋˍˇ˔ʰˋˍʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˃ʶ ʰ˄ʱʵˊʰˋʹ όStochastic Programming with Recourse). 

ʁʽ ʵˏˇ ˉʰˊʰˉʱ˄˖ ˍʰˁˍʽˁʷˌ ʶʾ˄ʰʽ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋʶ ˃ʾʰ ʵʽʰʵʽˁʰˋʾʰ ʵˏˇ ˒ʱˋʶ˖˄Φ ʅˍʹ˄ ˉˊ˗ˍʹΣ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʷ˄ʰ ʰˊ˔ʽˁˈ ˉ˂ʱ˄ˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˁʰʽ ˋˍʹ ʵʶˏˍʶˊʹ ˒ʱˋʹΣ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ 

ʵʽˇˊʻ˖ˍʽˁʷˌ ˁʽ˄ʺˋʶʽˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˉˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ʰˊ˔ʽˁˈ ˉ˂ʱ˄ˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌΦ ɶ 

ˁˏˊʽʰ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ˍʰˁˍʽˁ˗˄ ʶʾ˄ʰʽ ˇ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁˈˌ ˋˍˈ˔ˇˌ ˍʹˌ ˉˊ˗ˍʹˌ ˒ʱˋʹˌΦ ɶ 

ˍʰˁˍʽˁʺ CCP ʁ ʴʴˎʱˍʰʽ ʷ˄ʰ ʱ˄˖ ˈˊʽˇ ˋˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ʰˉˇˍˎ˔ʾʰˌ ˍˇˎ ˉ˂ʱ˄ˇˎ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌΣ 

ˈ˃˖ˌ ʵʶ˄ ʶ˂ʷʴ˔ʶʽ ˍˇ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ ˁˈˋˍˇˌ ʰˉˈ ˍʽˌ ʵʽˇˊʻ˖ˍʽˁʷˌ ˁʽ˄ʺˋʶʽˌ ̱ ʹˌ ʵʶˏˍʶˊʹˌ ˒ʱˋʹˌΣ 

ʶ˄˗ ʹ ˍʰˁˍʽˁʺ SPR ʁ ˉʽʵʽ˗ˁʶʽ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ ʵʽˇˊʻ˖ˍʽˁ˗˄ ˁʽ˄ʺˋʶ˖˄ ˍʹˌ 

ʵʶˏˍʶˊʹˌ ˒ ʱˋʹˌ (Gendreau, Laporte, & SŞguin, 1996; Labadie & Prins, 2012). 

ɴ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʵʽʱ˒ˇˊʶˌ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ SVRP (Gendreau 

et al., 1996; Park & Hong, 2003; Roberts & Hadjiconstantinou, 1998; Shen, Ordƽnez, & 

Dessouky, 2009; Sungur, Ordƽnez, & Dessouky, 2008). 

2.2.4.2 ɲˎ˄ʰ˃ʽˁˈ VRP (Dynamic VRP) 

ʆ̌  ɲˎ˄ʰ˃ʽˁˈ ʃˊˈʲ˂ʹ˃ʰ ɲˊˇ˃ˇ˂ˈʴʹˋʹˌ ʁ˔ʹ˃ʱˍ˖˄ όDynamic Vehicle Routing Problem ς VRP) 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍ́  ʵˎ˄ʰˍˈˍʹˍʰ ʶʽˋʰʴ˖ʴʺˌ ˄ʷ˖˄ ʺ ˃ʶˍʰˍˊˇˉʺˌ ˍ˖˄ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶʾˍʶ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ʶʾˍʶ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˉ˂ʱ˄ˇˎ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ (Victor Pillac et al., 2013). ɱʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍʷˍˇʽ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄Σ ˁʰˍʱ ˍʹ 

ʵʽʱˊˁʶʽʰ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʵˊˇ˃ˇ˂ˇʴʾ˖˄ ʶˁˍʶ˂ʶʾˍʰʽ ʰ˄ʱ ʵʽʰˋˍʺ˃ʰˍʰ ˁʱˉˇʽˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˇˎ 

ˉˊˇˋʻʷˍʶʽ ˍʰ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʺ ˃ʶˍʰˍˊʷˉʶʽ ˍʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʰ 

ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʶˉʰ˄ʰ-ʲʶ˂ˍʽˋˍˇˉˇʽʶʾ ˍˇ ʰˊ˔ʽˁˈ ˉ˂ʱ˄ˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ. 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ʵˎ˄ʰ˃ʽˁˇˏ VRP ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ Victor 

Pillac (2013) ˋˍˇ ʅ˔ʺ˃ʰ 2.5 ˃ʶ ˋˍˈ˂ˇ ˇ˔ʹ˃ʱˍ˖˄ ʶ˄ˈˌ ˁʰʽ ˃ˈ˄ˇ ˇ˔ʺ˃ʰˍˇˌ. ʅˍʹ˄ ˉˊ˗ˍʹ ʶʽˁˈ˄ʰ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ʵˊˇ˃ˇ˂ˈʴʽˇ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ʰˊ˔ʽˁˇˏ ˉ˂ʱ˄ˇˎ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ όɮ-B-C-D-EύΣ ˋˍʹ ʵʶˏˍʶˊʹ ʶʽˁˈ˄ʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʵˏˇ ˄ʷˇʽ ˉʶ˂ʱˍʶˌ 

(ˉʶ˂ʱˍʶˌ ʋ ˁʰʽ ʇύ ˉˊˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˁʰʽ ˋˍʹ˄ ˍˊʾˍʹ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʶˍʰˍˊˇˉʺ ˍˇˎ ʰˊ˔ʽˁˇˏ 

ʵˊˇ˃ˇ˂ˇʴʾˇˎ ̱ ˇˎ ˇ˔ʺ˃ʰˍˇˌ ˗ˋˍʶ ˄ʰ ˍˇˎˌ ʶ˅ˎˉʹˊʶˍʺˋʶʽ (A-B-C-D-Y-E-X). 
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ʅ˔ʺ˃ʰ 2.5 Υ ʃʰˊʱʵʶʽʴ˃ʰ DVRP (Victor Pillac et al., 2013) 

ɶ ˉˊ˗ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʰ˄ʰ˒ˇˊʱ ˋʶ ʵˎ˄ʰ˃ʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ʶʾ˄ʰʽ ʰˉˈ ˍˇˎˌ 

Wilson and Colvin (1977) ʴʽʰ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˍˈ˅˖˄ όDynamic Arc 

Routing Problem ς DARPύ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ʱ˃ʶˋʰ ˋˍˇ DVRP. 

ʁ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁˈˌ ˋˍˈ˔ˇˌ ʴʽʰ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʶ˄ˈˌ DVRP ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ˈˌΥ ʶˁˍˈˌ ˍʹˌ 

ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹˌ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʰˉˈˋˍʰˋʹˌ ˉˇˎ ʵʽʰ˄ˏˇˎ˄ ˍʰ ˇ˔ʺ˃ʰˍʰΣ ˉˊʷˉʶʽ ˄ʰ 

ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻʶʾ ˇ ˃ʷˋˇˌ ˔ˊˈ˄ˇˌ ʰˉˈˁˊʽˋʹˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʶˍʱ ʰˉˈ ˄ʷʰ ˉʰˊʰʴʴʶ˂ʾʰΣ ʹ 

ˉʽʻʰ˄ˈˍʹˍʰ ʰˉˈˊˊʽ˕ʹˌ ˍʹˌ ˄ʷʰˌ ˉʰˊʰʴʴʶ˂ʾʰˌ ʰ˂˂ʱ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰ˄ʱ˂ˇʴʰ 

˃ʶ ˍˇ ˎˉˈ ˃ʶ˂ʷˍʹ ˉˊˈʲ˂ʹ˃ʰΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍʹ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˃ʷˋ˖˄ ˃ʰʸʽˁʺˌ 

˃ʶˍʰ˒ˇˊʱˌ, ˇ ˃ʷˋˇˌ ˔ˊˈ˄ˇˌ ˉʰˊʰ˃ˇ˄ʺˌ ʶ˄ˈˌ ʶˉʽʲʱˍʹ ˃ʷˋʰ ˋʶ ˈ˔ʹ˃ʰΣ (Ferrucci, Bock, & 

Gendreau, 2013; Gendreau, Guertin, Potvin, & Taillard, 1999; Montemanni, Gambardella, 

Rizzoli, & Donati, 2005; Novoa & Storer, 2009; V Pillac, GuŞret, & Medaglia, 2010; Powell, 

1986; Psaraftis, 1995; van Hemert & La PoutrŞΣ нллп) 

2.2.5 ɳ˃ˉ˂ˇˎˍʽˋ˃ʷ˄ˇ VRP (Rich VRP) 

ʆˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ˋˍʹ˄ ʴʶ˒ˏˊ˖ˋʹ ˍʹˌ ʰˁʰʵʹ˃ʰʿˁʺˌ ʷˊʶˎ˄ʰˌ ˁʰʽ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ʶ˒ʰˊ˃ˇʴ˗˄ 

ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ʶʾ˄ʰʽ ʹ ˁʰˍʱˋˍˊ˖ˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˉˇˎ ˋˎ˄ʵˎʱʸˇˎ˄ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ 

ˍʽˌ ˉʰˊʰˉʱ˄˖ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ VRP - ˍ̌  ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˇ˄ˇ˃ʱʸʶˍʰʽ 

ɳ˃ˉ˂ˇˎˍʽˋ˃ʷ˄ˇ ʃˊˈʲ˂ʹ˃ʰ ɲˊˇ˃ˇ˂ˈʴʹˋʹˌ ʁ˔ʹ˃ʱˍ˖˄ (Rich Vehicle Routing Problem ς RVRP). 

ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ʶ˃ˉˇˊʽˁʱ ˂ˇʴʽˋ˃ʽˁʱ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˋˎ˄ʵˎʱˋˇˎ˄ ˉˇ˂˂ʰˉ˂ʷˌ 

ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ VRPΣ ʵʹ˂ʰʵʺ ˄ʰ ˂ˏˋˇˎ˄ RVRPΣ ˈ˃˖ˌ ʵʶ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʰ˂ʴˇˊʾʻ˃ˇˎˌ 

ˍʶ˂ʶˎˍʰʾʰˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˁʰˍʰˋˁʶˎʰˋˍʽˁˇˏˌ ʶˎˊʶˍʽˁˇˏˌ 

ʰ˂ʴˇˊʾʻ˃ˇˎˌ ˉˇˎΣ ˖ˌ ζʴʶ˄ʽˁˇʾη ʰ˂ʴˈˊʽʻ˃ˇʽΣ ˎ ˂ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ˋˎ˄ˍʹˊˇˏ˄ˍʰʽ ʶˎˁˇ˂ˈˍʶˊʰ. Oʽ 

ʰˉˇʵˇˍʽˁˈˍʶˊˇʽ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊˇʽ ʰˁʰʵʹ˃ʰʿˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ʴʽʰ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRP ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ʱˋˇˎ˄ ˍʹ˄ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˁʰʽ ˍʹ˄ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱ ˍˇˎˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎˌ ˋʶ RVRP (Labadie & Prins, 2012). 

ʃʱˊʰˎˍʰ, ʹ ˍʱˋʹ ˋˍʹ˄ ʰˁʰʵʹ˃ʰʿˁʺ ʷˊʶˎ˄ʰ ʶʾ˄ʰʽ ˉˊˇˌ ˍʹ ˃ʶ˂ʷˍʹ ˋˎ˄ʵˎʰˋ˃˗˄ ˍ˖˄ 

ˉʰˊʰ˂˂ʰʴ˗˄ ˍˇˎ VRP ̠ ˋˍʶ ˄ʰ ˉ˂ʹˋʽʱˋˇˎ˄ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ  

2.3 ʆˇ VRP ˃ ʶ ˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎ όTW) 

ɶ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ʶ˒ʰˊ˃ˇʴ˗˄ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ʰ˒ˇˊˇˏ˄ ˉʶ˂ʱˍʶˌ ˉˇˎ 

ʰˉʰʽˍˇˏ˄ ˉʰˊʱʵˇˋʹ ʰʴʰʻ˗˄ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˈˍʰ˄ ˇʽ 

ˉʶ˂ʱˍʶˌ ʶʾ˄ʰʽ ˁʰˍʰˋˍʺ˃ʰˍʰΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˖ˊʰˊʾˇˎ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎˌΦ ʅˎ˔˄ʱΣ ˇʽ 

ˉʶ˂ʱˍʶˌ ˉˊˇˋʵʽˇˊʾʸˇˎ˄ ʰˊˁʶˍʱ ˋˍʶ˄ʱ ˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˈˍʰ˄ ʷ˔ˇˎ˄ 
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ˉʰˊʰʵˈˋʶʽˌ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˉˊˇ˃ʹʻʶˎˍʷˌ ˁʰʽ ʻʷ˂ˇˎ˄ ˄ʰ ʶ˅ˎˉʹˊʶˍʹʻˇˏ˄ ʰˉˈ ˍˇ˄ ˁʱʻʶ 

ˉˊˇ˃ʹʻʶˎˍʺ ˅ʶ˔˖ˊʽˋˍʱΦ ɴˍˋʽΣ ˉˊˇʷˁˎ˕ʶ ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRP ˃ ʶ ˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎ όVehicle 

Routing Problem with Time Windowsύ ˃ʶ ˉˊ˗ˍˇ ˃ʶ˂ʶˍʹˍʺ ˍˇˎ ˍˇ˄ (Marius Mihai Solomon, 

1984). 

ʅˍˇ ʅ˔ʺ˃ʰ  ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ VRP ˃ʶ ʃʰˊʱʻˎˊʰ ʋˊˈ˄ˇˎ ˇˁˍ˗ ˉʶ˂ʰˍ˗˄ ˁʰʽ 

ˍˊʽ˗˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˈˉˇˎ ˍˇ ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎ ˋʶ ˁʱʻʶ ˉʶ˂ʱˍʹ Ὥ h ˄ʰˉʰˊʽˋˍʱˍʰʽ ˃ʽʰ ˔ˊˇ˄ʽˁʺ 

ˋˍʽʴ˃ʺ ˄˖ˊʾˍʶˊʹˌ ʵˎ˄ʰˍʺˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ Ὡ ˁ ʰʽ ˃ʽʰ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʰˊʴˈˍʶˊʹˌ ʵˎ˄ʰˍʺˌ 

ʶ˅ˎˉʹˊʷˍʹˋʹˌ ὰ. 

1

4
8

6

7

5

2

(e1 , l1)

(e2 , l2)

(e3 , l3) 3 (e5 , l5) (e6 , l6)

(e7 , l7)

(e8 , l8)

(e4 , l4)

 

ʅ˔ʺ˃ʰ 2.6 ʃʰˊʱʵʶʽʴ˃ʰ VRP ˃ʶ ʃʰˊʱʻˎˊʰ ʋˊˈ˄ˇˎ 

ʆˇ VRPTW ʶʾ˄ʰʽ ʰ˄ʰ˃˒ʾʲˇ˂ʰ ʹ ˉʽˇ ˉˇ˂ˎ˃ʶ˂ʶˍʹ˃ʷ˄ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ VRP ˁʰʽ ˉʰˊˇˎˋʽʱʸʶʽ 

ˉˊˈˁ˂ʹˋʹ ˋˍʹ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˇ˔ʹ˃ʱˍ˖˄ ʶ˄˗ ˇʽ ˉʶˊʽˋˋˈˍʶˊˇʽ ˃ʶ˂ʶˍʹˍʷˌ ʻʶ˖ˊˇˏ˄ ˖ˌ 

ˉˊ˖ˍʰˊ˔ʽˁˈ ˋˍˈ˔ˇ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʵʶˎˍʶˊʶˏˇ˄ 

ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʰˉˈˋˍʰˋʹ ˉˇˎ ʵʽʰ˄ˏˇˎ˄ ˍʰ ˇ˔ʺ˃ʰˍʰΦ ʅˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˃ʶ˂ʷˍʶˌ ˍˇˎ VRPTW ɻ ʶ˄ 

ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾˍʰʽ ˇ ˔ˊˈ˄ˇˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ˁʱʻʶ ʵʽʰʵˊˇ˃ʺˌ ʰˉˈ ˍʰ 

ˇ˔ʺ˃ʰˍʰΦ ʁ ˔ˊˈ˄ˇˌ ʰˎˍˈˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ʶʴˁˎˊˈˍʹˍʰˌ ˍʹˌ 

ʵʽʰʵˊˇ˃ʺˌ ˍˇˎ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ʲʱˋʹ ˍʰ ˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ˉˇˎ ʶ˅ˎˉʹˊʶˍʶʾ 

ˍˇ ˈ˔ʹ˃ʰΦ 

ɮ˄ʱ˂ˇʴʰ ˍʹ˄ ʶˁʵˇ˔ʺ ˍˇˎ VRPTWΣ ˍʰ ˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ʶʾ˄ʰʽ ʶʾˍʶ ɮˎˋˍʹˊʱ 

ʃʰˊʱʻˎˊʰ ʋˊˈ˄ˇˎ όHard Time Windowsύ ˈˉˇˎ ˍʰ ˇ˔ʺ˃ʰˍʰ ʵʶ˄ ʶˉʽˍˊʷˉʶˍʰʽ ˄ʰ ˒ʻʱˋˇˎ˄ ˋʶ 

ˁʱˉˇʽˇ˄ ˉʶ˂ʱˍʹ ˃ʶˍʱ ˍˇ ˉʷˊʰˌ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ˉʰˊʰʻˏˊˇˎΣ ʶʾˍʶ ɳ˂ʰˋˍʽˁʱ ʃʰˊʱʻˎˊʰ ʋˊˈ˄ˇˎ 

(Soft Time Windowsύ ˈˉˇˎ ˍʰ ˇ˔ʺ˃ʰˍʰ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ˎˉʹˊʶˍʺˋˇˎ˄ ˁʱˉˇʽˇ˄ ˉʶ˂ʱˍʹ ˃ʶˍʱ ˍˇ 

ˉʷˊʰˌ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ˍˇˎ ˉʰˊʰʻˏˊˇˎ ˃ʶ ˁʱˉˇʽʰ ʶˉʽʲʱˊˎ˄ˋʹ ˁˈˋˍˇˎˌ όpenalty cost). 

ɴ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʰˊˁʶˍˇʾ ʰˉˇʵˇˍʽˁˇʾ ʰ˄ʰ˂ˎˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ς ˃ˉˇˊˇˏ˄ ˄ʰ ˂ˏˋˇˎ˄ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ʷ˔ˊʽ ʶˁʰˍˈ ˉʶ˂ʰˍ˗˄Σ ˁʰʽ ˁʰˍʱ ˉʶˊʾˉˍ˖ˋʹ ʰˁˈ˃ʹ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʰ (Jepsen, 

Petersen, Spoorendonk, & Pisinger, 2008)Φ ɾʶˊʽˁˇʾ ˃ʶ˂ʶˍʹˍʷˌ ˍˇˎ VRPTW ˉˇˎ ʰ˄ʷˉˍˎ˅ʰ˄ 

˃ʶˍʰʶˎˊʶˍʽˁˇˏˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʶʾ˄ʰʽ ˇʽ (Labadi, Prins, & Reghioui, 2008; Nagata, BrŅysy, & 

Dullaert, 2010; Panagiotis P Repoussis, Tarantilis, & Ioannou, 2009). 
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2.4 ɾʷʻˇʵˇʽ ʶˉʾ˂ˎˋʹˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˃ʶ ˉʰˊʱʻˎˊʰ 

˔ˊˈ˄ˇˎ 

ʆˇ ˉˊˈʲ˂ʹ˃ʰ VRPTW ʶʾ˄ʰʽ ˍˏˉˇˎ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ NP-hard ʵʽˈˍʽ ˍˇ VRPΣ ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ 

ʰˉˇʵʶʽ˔ʻʶʾ ˈˍʽ ʶʾ˄ʰʽ ˍˏˉˇˎ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ NP-hard (Lenstra & Kan, 1981)Σ ʰˉˇˍʶ˂ʶʾ 

ˎˉˇˉʶˊʾˉˍ˖ˋʺ ˍˇˎ VRPTW ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˈ˂ˇʽ ˇʽ ˉʶ˂ʱˍʶˌ ʷ˔ˇˎ˄ ʰˉʶˊʽˈˊʽˋˍˇ 

ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˏˉʰˊ˅ʹˌ ʺ ˃ʹ ʶ˒ʽˁˍ˗˄ ˂ˏˋʶ˖˄ ˁʰʻ˗ˌ 

ˁʰʽ ʹ ʶˏˊʶˋʹ ˃ʾʰˌ ʶ˒ʽˁˍʺˌ ˂ˏˋʹˌ ˋʶ ˁʱˉˇʽˇ ˉˊˈʲ˂ʹ˃ʰ VRPTW ʶʾ˄ʰʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˍˏˉˇˎ 

ʵˎˋˁˇ˂ʾʰˌ NP-Complete (Savelsbergh, 1985). 

ɱʽʰ ˍʰ ʵˏˋˁˇ˂ʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˈˉ˖ˌ ˍˇ VRPTWΣ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˍˊʶʽˌ 

ˁʰˍʹʴˇˊʾʶˌ ˃ʶʻˈʵ˖˄ ʶˉʾ˂ˎˋʹˌ (Panagiotis P Repoussis et al., 2009): 

¶ ʁʽ ʰˁˊʽʲʶʾˌ ʺ ʰ˄ʰ˂ˎˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ όexact algorithmsύ ˉˇˎ ʲˊʾˋˁˇˎ˄ ˉʱ˄ˍˇˍʶ ˍʹ 

ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹΣ ˉʱˊʰˎˍʰ ˁ ʰʻˎˋˍʶˊˇˏ˄ ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ʶʴʱ˂ʹˌ ʷˁˍʰˋʹˌ 

¶ ʁʽ ʶˎˊʶˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ (heuristic algorithms) ̌ ʽ ˇˉˇʾˇʽ ˉʰˊʷ˔ˇˎ˄ ̀ ˎʴˁˊʽˍʽˁʱ ˍʰ˔ʷ̟ ˌ 

˃ʾʰ ʶ˒ʽˁˍʺ ˂ˏˋʹ ˃ʶ ʰˉˇʵʶˁˍʺ ˉˇʽˈˍʹˍʰ 

¶ ʁ̔  ˃ʁ ˍʰʶˎˊʶˍʽˁˇʾ h ˂ʴˈˊʽʻ˃ˇʽ όmetaheuristic algorithms) ̌ ʽ ʰˉˇˍʶ˂ˇˏ˄ ˃ʶʻˈʵˇˎˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʶˎˊʶˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˃ʶ ʶʽʵʽˁʷˌ ˍʰˁˍʽˁʷˌ ˗ˋˍʶ ˄ʰ ˇʵʹʴʹʻˇˏ˄Σ ˃ʶˍʱ 

ʰˉˈ ˉˇ˂˂ʰˉ˂ʱ ζˍˊʶ˅ʾ˃ʰˍʰη ˋʶ ˁʰ˂ˏˍʶˊʹˌ ˉˇʽˈˍʹˍʰˌ ˂ˏˋʶʽˌ  

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ʶˉʾ˂ˎˋʹˌ ˍ˖˄ ˍˊʽ˗˄ ʰˎˍ˗˄ ˁʰˍʹʴˇˊʽ˗˄ ˉˇˎ 

ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ VRPTW ˋˍʰ ˁʶ˒ʱ˂ʰʽʰ 2.4.1 - 2.4.3Σ ˃ʶ ʽʵʽʰʾˍʶˊʹ 

ʷ˃˒ʰˋʹ ˋˍʽˌ ʶˎˊʶˍʽˁʷˌ ˁʰʽ ˃ʶˍʰʶˎˊʶˍʽˁʷˌ ˃ʶʻˈʵˇˎˌΣ ˁʰʻ˗ˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ 

ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹΦ  

2.4.1 ɮ˄ʰ˂ˎˍʽˁʷˌ ɾʷʻˇʵˇʽ 

ʁʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˃ʷʻˇʵˇʽ όʺ ʰˁˊʽʲʶʾˌ ˃ʷʻˇʵˇʽύ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ʶʾˍʶ ʰ˂ʴˈˊʽʻ˃ˇʽ ʴˊʰ˃˃ʽˁˇˏ ʺ 

ʵˎ˄ʰ˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ όlinear or dynamic programmingύ ʶʾˍʶ ˍʶ˔˄ʽˁʷˌ ˉʶˊʽˇˊʽˋ˃ˇˏ ˁʰʽ 

ʵʽʰˁ˂ʱʵ˖ˋʹˌ όbranch and bound techniquesύΦ ʁʽ ˃ʷʻˇʵˇʽ ʰˎˍˇʾ ˃ˉˇˊʶʾ ˄ʰ ʲˊʾˋˁˇˎ˄ ˉʱ˄ˍˇˍʶ 

ˍʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹΣ ˈ˃˖ˌ ʷ˔ˇˎ˄ ˍˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍ˖˄ ˃ʶʴʱ˂˖˄ ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ˔ˊˈ˄˖˄Σ ʶʽʵʽˁʱ 

ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ʶʴʱ˂ˇˎ ʰˊʽʻ˃ˇˏ ˉʶ˂ʰˍ˗˄Σ ˉˇˎ ˁʰʻʽˋˍʱ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ 

ʰˋˏ˃˒ˇˊʹΦ 

ʁʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˃ʷʻˇʵˇʽ ˉˇˎ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʶʾ˄ʰʽ ʲʰˋʽˋ˃ʷ˄ˇʽ ˋˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʵʽˁˍˏ˖˄Σ 

ˋˍˇ ʴˊʰ˃˃ʽˁˈ ˁʰʽ ˋˍˇ˄ ʰˁʷˊʰʽˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΦ ʁʽ ˁˏˊʽʶˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ 

˃ʶʻˈʵ˖˄ ʶʾ˄ʰʽ ˇ ʵˎ˄ʰ˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌΣ ʹ ζ˔ʰ˂ʱˊ˖ˋʹη ˉʶˊʽˇˊʽˋ˃˗˄ ˍˇˎ Lagrange 

(Langrangian Relaxationύ ˁʰʽ ʹ ˃ʷʻˇʵˇˌ ˉʰˊʰʴ˖ʴʺˌ ˋˍʹ˂˗˄ όColumn Generation)Φ ʁʽ ʵˏˇ 

ˍʶ˂ʶˎˍʰʾʶˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌ ˋˍʹˊʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʰˉˇʽˁˇʵˈ˃ʹˋʹˌ (decomposition), 

ʵʹ˂ʰʵʺ ˍˇ ˁˏˊʽˇ ˉˊˈʲ˂ʹ˃ʰ ʵʽʰˋˉʱˍʰʽ ˋʶ ɻˏ ˇ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʴʽʰ ˍʹ 

ʵʽʶˎˁˈ˂ˎ˄ˋʹ ˍʹˌ ʶˉʾ˂ˎˋʺˌ ˍˇˎ. 

ʅˍʹ ˃ʷʻˇʵˇ Langrangian Relaxation ʶˉʽ˂ʶʴ˃ʷ˄ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ζ̝ ʰ˂ʰˊ˗˄ˇˎ˄ηΣ ʵʹ˂ʰʵʺ 

ʰ˒ʰʽˊˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˁʰʽ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋʶ ˈˊˇˎˌ ˉˇˎ 

ˉˊˇˋʻʷˍˇ˄ˍʰʽ ˋˍʹ˄ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˉˇʽ˄˗˄. 
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ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇ ˁʱʻʶ ˈˊˇˌ ˍʹˌ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ˉˇˎ ʷ˔ʶʽ ˉˊˇˁˏ˕ʶʽ ʰˉˈ 

˔ʰ˂ʱˊ˖ˋʹ ˁʱˉˇʽˇˎ ˉʶˊʽˇˊʽˋ˃ˇˏ ˉˇ˂˂ʰˉ˂ʰˋʽʱʸʶˍʰʽ ˃ʶ ʷ˄ʰ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ζˉˇʽ˄ʺˌη όpenalty 

factorύ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ζ˂η ˍˇˎ Langrange (Fisher, 1985; Geoffrion, 1974). 

ʅˍʹ ˃ʷʻˇʵˇ ˉʰˊʰʴ˖ʴʺˌ ˋˍʹ˂˗˄ όColumn Generation)Σ ˍˇ VRPTW ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ʵˏˇ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄Υ 

¶ ʆˇ ˁˏˊʽˇ ˉˊˈʲ˂ʹ˃ʰ όMaster Problem ς MPύΣ ˍˇ ˇˉˇʾˇ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌ VRPTW ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋʰ˄ ˉˊˈʲ˂ʹ˃ʰ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍˇˎ 

ˋˎ˄ˈ˂ˇˎ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ˋʶ ˎˉˇˋˏ˄ˇ˂ʰΣ ˍˇ ˁʰʻʷ˄ʰ ʰˉˈ ˍʰ ˇˉˇʾʰ ʶ˅ˎˉʹˊʶˍʶʾˍʰʽ ʰˉˈ 

ʷ˄ʰ ˈ˔ʹ˃ʰ 

¶ ʆˇ ˎ̄ˇ-ˉˊˈʲ˂ʹ˃ʰ όSub-Problem - SPύ ˉˇˎ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ VRPTW 

ʶʾ˄ʰʽ ʷ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ʶ˂ʱ˔ʽˋˍʹˌ ʵʽʰʵˊˇ˃ʺˌ ˃ʶ ˉʰˊʱʻˎˊʰ ˔ˊˈ˄ˇˎ ˁʰʽ ˔˖ˊʹˍʽˁˈˍʹˍʰ 

(Shortest Path Problem with Time Windows and Capacity Constraints ς SPPTWCC) ˁ ʰʽ 

ʲʶ˂ˍʽˋˍˇˉˇʽʶʾ ˍʹ ˋʶʽˊʱ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʶ˅ˎˉʹˊʶˍˇˏ˄ˍʰʽ ˇʽ ˉʶ˂ʱˍʶˌ ˍˇˎ ˁʱʻʶ 

ˎˉˇˋˎ˄ˈ˂ˇˎ 

2.4.2 ɳˎˊʶˍʽˁʷˌ ɾʷʻˇʵˇʽ 

ʁˊʾʸʶˍʰʽ ˖ˌ ʶˎˊʶˍʽˁʺ ˃ʷʻˇʵˇˌ ˃ʽʰ ˂ˇʴʽˁʺ ʰˁˇ˂ˇˎʻʾʰ ʲʹ˃ʱˍ˖˄Σ ʹ ˇˉˇʾʰ ʵʶ ɻ ʾ˄ʶʽ ʰˉʰˊʰʾˍʹˍʰ 

ˍʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹΣ ʰ˂˂ʱ ˃ʽʰ ʰˊˁʶˍʱ ˁʰ˂ʺ ˂ˏˋʹ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍʹ˄ 

ˉˊʱ˅ʹΦ ʁʽ ʶˎˊʶˍʽˁʷˌ ˃ʷʻˇʵˇʽ ʲˊʾˋˁˇˎ˄ ˂ˏˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ 

ˁʰˍʱ ˁʰ˄ˈ˄ʰ ʶʾ˄ʰʽΣ ˈˋˇ ʰ˒ˇˊʱ ˍʹ˄ ˋˎ˄ˇ˂ʽˁʺ ʰˉˈˋˍʰˋʹ ˉˇˎ ʵʽʰ˄ˏˇˎ˄ ˍʰ ˇ˔ʺ˃ʰˍʰΣ р-25% 

˔ʶʽˊˈˍʶˊʶˌ ʰˉˈ ˍʹ ʲʷ˂ˍʽˋˍʹΦ ʆˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍ˖˄ ʶˎˊʶˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʶʾ˄ʰʽ ˈˍʽ ˋˉʱ˄ʽʰ 

ʲˊʾˋˁˇˎ˄ ˂ˏˋʹ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˉ˂ʹˋʾˇ˄ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ˁʱˍ˖ ʰˉˈ р҈ ʁ ˄˗ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʱ ˍˇˎˌ 

ʶʾ˄ʰʽ ʹ ʰˉ˂ˈˍʹˍʱ ˁʰʽ ˇ ˃ʽˁˊˈˌ ˔ˊˈ˄ˇˌ ʶˁˍʷ˂ʶˋʺˌ ˍˇˎˌΦ 

ʅˍˇ ˉˊˈʲ˂ʹ˃ʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˇʽ ʶˎˊʶˍʽˁʷˌ ˃ʷʻˇʵˇʽ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ˃ʶʻˈʵˇˎˌ ˉˇˎ 

ˁʰˍʰˋˁʶˎʱʸˇˎ˄ ˂ˏˋʶʽˌ όRoute Construction Heuristicsύ ˁʰʽ ˋʶ ˃ʶʻˈʵˇˎˌ ˉˇˎ ʲʶ˂ˍʽ˗˄ˇˎ˄ ̋ ʵʹ 

ˎˉʱˊ˔ˇˎˋʶˌ ˂ˏˋʶʽˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˁʰʽ ʰˉˇˁʰ˂ˇˏ˄ˍʰʽ ɳˎˊʶˍʽˁʷˌ ɾʷʻˇʵˇʽ ɰʶ˂ˍʾ˖ˋʹˌ 

ɲʽʰʵˊˇ˃˗˄ (Route Improvement Heuristicsύ ʺ ɳˎˊʶˍʽˁʷˌ ɾʷʻˇʵˇʽ ʆˇˉʽˁʺˌ ʰ˄ʰʸʺˍʹˋʹˌ (Local 

Search Methods). 

2.4.2.1 ɼʰˍʰˋˁʶˎʰˋˍʽˁʷˌ ɳˎˊʶˍʽˁʷˌ ɾʷʻˇʵˇʽ 

ʁʽ ɼʰˍʰˋˁʶˎʰˋˍʽˁʷˌ ɾʷʻˇʵˇʽ ʴʽʰ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ VRP, ̄ ʰʾˊ˄ˇˎ˄ ˋʰ˄ ʶʾˋˇʵˇ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˃ʹ 

ʵˊˇ˃ˇ˂ˇʴʹ˃ʷ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˃ʹ ʵˊˇ˃ˇ˂ˇʴʹ˃ʷ˄˖˄ ˉʶ˂ʰˍ˗˄ ˁʰʽ ʵʹ˃ʽˇˎˊʴˇˏ˄ 

˃ʾʰ ˁʰʽ˄ˇˏˊʴʽʰ ˂ˏˋʹ ˉˇˎ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ ʋ˖ˊʾʸˇ˄ˍʰʽ ˋʶ 

ʵˏˇ ˁ ʰˍ́ɹ ˇˊʾʶˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ̱ ˇ˄ ˍˊˈˉˇ ˁʰˍʰˋˁʶˎʺˌ ˍʹˌ ˂ˏˋʹˌΥ 

1. ʅˍʹ˄ ˉˊ˗ˍʹ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ˇʽ ˃ʷʻˇʵˇʽ ˉˇˎ ˁʰˍʰˋˁʶˎʱʸˇˎ˄ ˁʱʻʶ ʵʽʰʵˊˇ˃ʺ 

ˇ˔ʺ˃ʰˍˇˌ ˅ʶ˔˖ˊʽˋˍʱ - ˋʶʽˊʽʰˁʱ (route by route). ɮˎˍʷˌ ˅ʶˁʽ˄ˇˏ˄ ʰˉˈ ˃ʾʰ ʱʵʶʽʰ 

ʵʽʰʵˊˇ˃ʺ ˁʰʽ ˉˊˇˋʻʷˍˇˎ˄ ˋʶ ʰˎˍʺ˄ ˉʶ˂ʱˍʶˌ ˃ʷ˔ˊʽ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾΣ ʵʹ˂ʰʵʺ ˄ʰ ˃ʹ 

˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋˍʶʻʶʾ ʱ˂˂ˇˌ ˉʶ˂ʱˍʹˌ ˂ˈʴ˖ ˁʱˉˇʽˇˎ ˉʶˊʽˇˊʽˋ˃ˇˏ όˋˍˇ ˉʰˊˈ˄ 

ˉˊˈʲ˂ʹ˃ʰ ʶʾˍʶ ˂ˈʴˇ ˉʶˊʽˇˊʽˋ˃ˇˏ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ ˇ˔ʺ˃ʰˍˇˌΣ ʶʾˍʶ ˂ˈʴ˖ ˉʶˊʽˇˊʽˋ˃˗˄ 

˔ˊˇ˄ʽˁ˗˄ ˉʰˊʰʻˏˊ˖˄ύΦ ɮ˒ˇˏ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʹ ˉˊ˗ˍʹ ʵʽʰʵˊˇ˃ʺ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʵʶˏˍʶˊʹ 
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ˁΦˇΦˁΦ ˃ʷ˔ˊʽ ˄ʰ ˒ˍʱˋˇˎ˄ ˇʽ ʵʽʰʵˊˇ˃ʷˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ʺ ˃ʷ˔ˊʽ 

˄ʰ ʶ˅ˎˉʹˊʶˍʹʻˇˏ˄ ˈ˂ˇʽ ˇʽ ˉʶ˂ʱˍʶˌΦ 

2. ʅˍʹ ʵʶˏˍʶˊʹ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ˇʽ ˃ʷʻˇʵˇʽ ˉˇˎ ˁʰˍʰˋˁʶˎʱʸˇˎ˄ ˉʰˊʱ˂˂ʹ˂ʰ-

ˍʰˎˍˈ˔ˊˇ˄ʰ ˍʽˌ ʵʽʰʵˊˇ˃ʷˌ ˍ˖˄ ˒ˇˊˍʹʴ˗˄ όparallel routing). ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ 

˅ʶˁʽ˄ˇˏ˄ ˃ʶ ˍˈˋʶˌ ʵʽʰʵˊˇ˃ʷˌ ˈˋʶˌ ˁʰʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ˁʰʽ ˁʰˍʰ˄ʷ˃ˇˎ˄ ˋʶʽˊʽʰˁʱ ˈ˂ˇˎˌ 

ˍˇˎˌ ˉʶ˂ʱˍʶˌ ˋʶ ˁʱˉˇʽʰ ʰˉˈ ʰˎˍʷˌΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʲʰˋʽˁʷˌ ɳˎˊʶˍʽˁʷˌ ɼʰˍʰˋˁʶˎʰˋˍʽˁʷˌ ɾʷʻˇʵˇʽ ˉˇˎ ʷ˔ˇˎ˄ 

ˉˊˇˍʰʻʶʾ ʰˉˈ ˍˇ˄ Solomon (1987) ˁ ʰʻ˗ˌΣ ˉʰˊˈˍʽ ˉˊˇˍʱʻʹˁʰ˄ ˋˍʽˌ ʰˊ˔ʷˌ ˍʹˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ 

ʷˊʶˎ˄ʰˌ ʴʽʰ ˍˇ VRPΣ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ ʲʱˋʹ ˉʱ˄˖ ˋˍʹ˄ ˇˉˇʾʰ ʰ˄ʰˉˍˏ˔ʻʹˁ ʁ̄ ˂ʹʻ˗ˊʰ ʶˎˊʶˍʽˁ˗˄ 

ˁʰˍʰˋˁʶˎʰˋˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʴʽʰ ˍˇ VRPTW (BrŅysy & Gendreau, 2005; Foisy & Potvin, 1993; 

Ioannou, Kritikos, & Prastacos, 2001)Φ ɳˉʽˉ˂ʷˇ˄Σ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰʽ ˇʽ ˃ʷʻˇʵˇʽ ʴʽʰ ˍˇ VRP 

ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ʶˉʹˊʶʱˋˍʹˁʶ ˇ Solomon ̠ ˋˍʶ ˄ h̄ ˊˇˍʶʾ˄ʶʽ ˍʽˌ ˃ʶʻˈʵˇˎˌ ɹ ʽʰ ˍˇ VRPTW. 

2.4.2.1.1 ɾʷʻˇʵˇˌ ʃ˂ʹˋʽʷˋˍʶˊˇˎ ɱʶʾˍˇ˄ʰ όNearest Neighbor) ɹ ʽʰ ˍˇ VRP 

ɮˊ˔ʽˁʱ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ˁ˂ʰˋˋʽˁˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ζNearest Neighborη ʴʽʰ ˍˇ ˉˊˈʲ˂ʹ˃ʰ VRP ˇ 

ˇˉˇʾˇˌ ʵˊˇ˃ˇ˂ˇʴʶʾ ˁʱʻʶ ˈ˔ʹ˃ʰ ˋʶʽˊʽʰˁʱΦ ʀʶˁʽ˄ʱ ˍʹ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˍʹˌ ˁʱʻʶ ʵʽʰʵˊˇ˃ʺˌ 

ˉˊˇˋʻʷˍˇ˄ˍʰˌ ˋʶ ʰˎˍʺ˄ ˍˇ˄ ˉʶ˂ʱˍʹ ˉˇˎ ʶʾ˄ʰʽ ˁˇ˄ˍʽ˄ˈˍʶˊʰ ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ ʰˉˇʻʺˁʹΦ ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰΣ ˉˊˇˋʻʷˍʶʽ ʶˉʰ˄ʰ˂ʹˉˍʽˁʱ ˋˍʹ ʵʽʰʵˊˇ˃ʺ ʰˎˍʺ ˍˇ˄ ˉʶ˂ʱˍʹ ˉˇˎ ʶʾ˄ʰʽ ˁˇ˄ˍʽ˄ˈˍʶˊʰ 

ˋˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˉʶ˂ɦˍʹ ˉˇˎ ˉˊˇˋˍʷʻʹˁʶ ˋˍʹ ʵʽʰʵˊˇ˃ʺΣ ˃ʷ˔ˊʽ ˄ʰ ˃ʹ ʵˏ˄ʰˍʰʽ ˄ʰ ˉˊˇˋˍʶʻʶʾ 

ʱ˂˂ˇˌ ˉʶ˂ʱˍʹˌ ˋˍʹ ʵʶʵˇ˃ʷ˄ʹ ʵʽʰʵˊˇ˃ʺΣ ˈˉˇˍʶ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ˅ʶˁʽ˄ʱ ˍʹ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˍʹˌ 

ʶˉˈ˃ʶ˄ʹˌ ʵʽʰʵˊˇ˃ʺˌ ˃ʷ˔ˊʽ ˄ʰ ʵˊˇ˃ˇ˂ˇʴʹʻˇˏ˄ ˈ˂ˇʽ ˇʽ ˉʶ˂ʱˍʶˌΦ 

ʃʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ʰˊ˔ʽˁˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ζNearest Neighborη : 

1.  ƻǯǬ ǱÙǙǭǳǬǱǪ ǩǤ ǡǭǬǩǬǨǬǠǤǩǚǪǬǦ ÙǢǨǙǰǢǮ 

a.  ǂǤǩǦǬǹǭǠǤǯǢ ǩǜǞ ǪǚǞ ǡǦǞǡǭǬǩǛ 

b.  ǆǚǯǢ ǰǤǪ ǧǢǪǰǭǦǧǛ ǞÙǬǥǛǧǤ ǵǮ ǰǤ ǰǭǚǳǬǱǯǞ ǥǚǯǤ ǰǬǱ 

ǬǳǛǩǞǰǬǮ ǰǤǮ ǡǦǞǡǭǬǩǛǮ 

c.  ƿǪ ǡǢǪ ǱÙǙǭǳǢǦ ǩǤ ǡǭǬǩǬǨǬǠǤǩǚǪǬǮ ÙǢǨǙǰǤǮ ÙǬǱ ǪǞ ǩÙǬǭǢǜ 

ǪǞ ÙǭǬǯǰǢǥǢǜ ǯǰǤ ǡǦǞǡǭǬǩǛ ǳǵǭǜǮ ǪǞ ÙǞǭǞǟǦǙǣǢǰǞǦ Ǭ 

ÙǢǭǦǬǭǦǯǩǸǮ ǰǤǮ ǳǵǭǤǰǦǧǸǰǤǰǞǮ ǰǬǱ ǬǳǛǩǞǰǬǮ ÙǛǠǞǦǪǢ ǯǰǬ 

ǟǛǩǞ <g> 

d.  ǎǭǸǯǥǢǯǢ ǯǰǬ ǰǚǨǬǮ ǰǤǮ ǰǭǚǳǬǱǯǞǮ ǡǦǞǡǭǬǩǛǮ ǰǬǪ 

ǧǬǪǰǦǪǸǰǢǭǬ ǞÙǸ ǰǤǪ ǰǭǚǳǬǱǯǞ ǥǚǯǤ ǰǬǱ ǬǳǛǩǞǰǬǮ, ǩǤ 

ǡǭǬǩǬǨǬǠǤǩǚǪǬ ÙǢǨǙǰǤ 

e.  ǆǚǯǢ ǰǬǪ ÙǢǨǙǰǤ ÙǬǱ ÙǭǬǯǰǚǥǤǧǢ ǵǮ ǰǤǪ ǰǭǚǳǬǱǯǞ ǥǚǯǤ ǰǬǱ 

ǬǳǛǩǞǰǬǮ 

f.  ǎǛǠǞǦǪǢ ǯǰǬ ǟǛǩǞ <c> 

g.  ǍǨǬǧǨǛǭǵǯǤ ǰǤǮ ǡǭǬǩǬǨǸǠǤǯǤǮ ǰǤǮ ǰǭǚǳǬǱǯǞǮ ǡǦǞǡǭǬǩǛǮ 

ɮ˂ʴˈˊʽʻ˃ˇˌ 2.1 Υ ɮ˂ʴˈˊʽʻ˃ˇˌ Nearest Neighbor 
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ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ˉˊ˗ˍ˖˄ ʲʹ˃ʱˍ˖˄ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ ζNearest Neighborη ʴʽʰ ʷ˄ʰ VRP ̄ ʷ˄ˍʶ ˉʶ˂ʰˍ˗˄Φ 
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ʅ˔ʺ˃ʰ 2.7 : ʃʰˊʱʵʶʽʴ˃ʰ ɮ˂ʴˇˊʾʻ˃ˇˎ Nearest Neighbor 

 

ʅˍʹ˄ ʶʽˁˈ˄ʰ ɮΦ ˍˇˎ 

ʅ˔ʺ˃ʰ 2.7 ʹ ˍˊʷ˔ˇˎˋʰ ʻʷˋʹ ˍˇˎ ˉˊ˗ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˉˊˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ʶʾ˄ʰʽ ʹ ʰˉˇʻʺˁʹΣ 

ʶ˅ʶˍʱʸʶˍʰʽ ʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ʰˉˇʻʺˁʹˌ ˁʰʽ ˍˇˎ ˁʱʻʶ ˃ʹ ʵˊˇ˃ˇ˂ˇʴʹ˃ʷ˄ˇˎ ˉʶ˂ʱˍʹ ˁʰʽ 

ʶˉʽ˂ʷʴʶˍʰʽ ˇ ˉʶ˂ʱˍʹˌ п ˉˇˎ ʰˉʷ˔ʶʽ ˂ʽʴˈˍʶˊˇ ʰˉˈ ˍʹ˄ ʰˉˇʻʺˁʹ όɮ˂ʴˈˊʽʻ˃ˇˌ 2.1 ɰʺ˃ʰˍʰ a 

˃ʷ˔ˊʽ eύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˍʹ˄ ʶʽˁˈ˄ʰ ɰΦ ˁʰʽ ɱΦ ʰ˄ʰ˄ʶ˗˄ʶˍʰʽ ́  ˍˊʷ˔ˇˎˋʰ ʻʷˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΣ ˁʰʽ 

ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˍʰ ʲʺ˃ʰˍʰ a ˃ʷ˔ˊʽ f ˍˇˎ ɮ˂ʴˈˊʽʻ˃ˇˌ 2.1Σ ʶ˄˗ ˋˍʹ˄ ʶʽˁˈ˄ʰ ɲΦ ʻʶ˖ˊʶʾˍʰʽ 

ˈˍʽ ˇʽ ˉʶ˂ʱˍʶˌ о ˁʰʽ р ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋˍʶʻˇˏ˄ ˋˍʹ ʵʽʰʵˊˇ˃ʺ ˍˇˎ ˉˊ˗ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΣ ʷˍˋʽ 

ʰˎˍˈ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍʹ˄ ʰˉˇʻʺˁʹ ˁʰʽ ˅ʶˁʽ˄ʱ ʹ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˍˇˎ ʵʶˏˍʶˊˇˎ ˇ˔ʺ˃ʰˍˇˌΦ 
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2.4.2.1.2 ɾʷʻˇʵˇˌ ʃ˂ʹˋʽʷˋˍʶˊˇˎ ɱʶʾˍˇ˄ʰ όNearest Neighbor) ɹ ʽʰ ˍˇ VRPTW 

 ɶ ʶˎˊʶˍʽˁʺ ˁʰˍʰˋˁʶˎʰˋˍʽˁʺ ˃ʷʻˇʵˇˌ ˍˇˎ ˉ˂ʹˋʽʷˋˍʶˊˇˎ ʴʶʾˍˇ˄ʰ ʴʽʰ ˍˇ ˉˊˈʲ˂ʹ˃ʰ 

VRPTWΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˉˊˇˋʰˊ˃ˇʴʺ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˃ʶʻˈʵˇˎ ζNearest Neighborη όɿɿύ ʴʽʰ ˍˇ 

VRPΣ ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇ˄ Solomon ˁʰʽ ˍˇˎˌ ˋˎ˄ʶˊʴʱˍʶˌ ˍˇˎ (1987) ˁʰʽ ʵʽʰ˒ʷˊʶʽ ʰˉˈ ˍˇ˄ ɿɿ 

ˋʶ ʵˏˇ ˋʹ˃ʶʾʰΥ 

A. ɳ˂ʷʴ˔ʶʽ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˍ˖˄ ˔ˊˇ˄ʽˁ˗˄ ˉʰˊʰʻˏˊ˖˄ ˉʰˊʱʵˇˋʹˌ ˍ˖˄ ˉʶ˂ʰˍ˗˄ 

B. ɳʽˋʱʴʶʽ ˍʹ˄ ʷ˄˄ˇʽʰ ˍˇˎ ˔ˊˈ˄ˇˎ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʰˉˈˋˍʰˋʹˌΥ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ 

ʶˉˈ˃ʶ˄ˇˎ ˉʶ˂ʱˍʹ ˉˊˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹ όɮ˂ʴˈˊʽʻ˃ˇˌ 2.1 Υ ɮ˂ʴˈˊʽʻ˃ˇˌ Nearest 

Neighbor 

C.  ς ɰʺ˃ʰ a-d)Σ ʶˁˍˈˌ ˍʹˌ ʴʶ˖ʴˊʰ˒ʽˁʺˌ ʰˉˈˋˍʰˋʹˌ ʶ˂ʷʴ˔ʶˍʰʽΣ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ 

ʰ˄ʱ˃ʶˋʰ ˋˍˇ ˍʷ˂ˇˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˍʶ˂ʶˎˍʰʾˇˎ ˉʶ˂ʱˍʹ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ʵʽʰʵˊˇ˃ʺˌ 

ˁʰʽ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ ˉˊˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˁʰʽ ˇ ζʶˉʶʾʴˇ˄ˍʰˌ 

˔ʰˊʰˁˍʺˊʰˌη όurgency) ̱ ʹˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˁʱʻʶ ˉʶ˂ʱˍʹ ˉˊˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇ Solomon ʰ˄ʷˉˍˎ˅ʶ ʷ˄ʰ˄ ʵʶʾˁˍʹ ˁˈˋˍˇˎˌ ὧ  ̱ ʹˌ ˉˊˇˋʻʺˁʹˌ ʶ˄ˈˌ ˉʶ˂ʱˍʹ Ὥ 

ˋˍˇ ˍʷ˂ˇˌ ˃ʽʰˌ ʵʽʰʵˊˇ˃ʺˌ ˉˇˎ ʶ˅ˎˉʹˊʶˍʶʾ ˍʶ˂ʶˎˍʰʾˇ ʷ˄ʰ˄ ˉʶ˂ʱˍʹ Ὦ: 

 

 ὧ Ὠ Ὕ ὺ  (2.1) 

ʂˉˇˎ 

 Ὕ ὦ ὦ  ί  

ὺ  ὰ ὦ  ί ὸ  

   ρ,   πȟ πȟ π 

(2.2) 

ὧ  ς ɼˈˋˍˇˌ ʷ˄˖ˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ Ὥ ˃ ʶ ˍˇ˄ ˉʶ˂ʱˍʹ Ὦ 

Ὠ  ς ˉʰˊʱʴˇ˄ˍʰˌ ʰˉˈˋˍʰˋʹˌ ʾˋˇˌ ˃ʶ ˍʹ˄ ʴʶ˖ʴˊʰ˒ʽˁʺ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ˄ ˉʶ˂ʱˍʹ Ὥ ̀ ˍˇ˄ 

ˉʶ˂ʱˍʹ j 

Ὕ  ς ʃʰˊʱʴˇ˄ˍʰˌ ˍˇˎ ˔ˊˈ˄ˇˎ ʾ ˋˇˌ ˃ʶ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰ˄ʱ˃ʶˋʰ ˋˍˇ ˍʷ˂ˇˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ 

ˍˇˎ ˍʶ˂ʶˎˍʰʾˇˎ ˉʶ˂ʱˍʹ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ʵʽʰʵˊˇ˃ʺˌ όὭύ ˁʰʽ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ 

ˉʶ˂ʱˍʹ ˉˊˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹ όj) 

ὺ  ς ̄ ʰˊʱʴˇ˄ˍʰˌ ζʶˉʶʾʴˇ˄ˍˇˌ ˔ʰˊʰˁˍʺˊʰη ʾˋˇˌ ˃ʶ ˍˇ ˔ˊˇ˄ʽˁˈ ˉʶˊʽʻ˗ˊʽˇ ˉˇˎ ʰˉˇ˃ʷ˄ʶʽ ʰˉˈ 

ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ jΣ ʰ˄ ˍʶ˂ʽˁʱ ʵˊˇ˃ˇ˂ˇʴʹʻʶʾ ˃ʶˍʱ ˍˇ˄ ˉʶ˂ʱˍʹ Ὥ, 

˃ʷ˔ˊʽ ˍˇ ˉʷˊʰˌ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ˉʰˊʰʻˏˊˇˎ ʶ˅ˎˉʹˊʷˍʹˋʹˌ 

 ὦ ς ́  ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ Ὦ 

ὦ ς ́  ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ Ὥ 

ί ς  ̌  ʰˉʰʽˍˇˏ˃ʶ˄ˇˌ ˔ˊˈ˄ˇˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ Ὥ 

ί ς  ̌  ʰˉʰʽˍˇˏ˃ʶ˄ˇˌ ˔ˊˈ˄ˇˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˉʶ˂ʱˍʹ Ὦ 
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ὰ ς ʹ ʰˊʴˈˍʶˊʹ ʵˎ˄ʰˍʺ ˋˍʽʴ˃ʺ ʷ˄ʰˊ˅ʹˌ ˍʹˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ όlatest arrivalύΣ ʵʹ˂ʰʵʺ ʹ ˔ˊˇ˄ʽˁʺ 

ˋˍʽʴ˃ʺ ˉˇˎ ˂ʺʴʶʽ ˍˇ ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎ ˍˇˎ ˉʶ˂ʱˍʹ j 

̱ ς ȟȟ ʰ ʲʱˊʹ ˍˇˎ ɼˈˋˍˇˎˌ ʷ˄˖ˋʹˌ ˍ˖˄ ˉʶ˂ʰˍ˗˄ Ὥ ˁ ʰʽ j ʴʽʰ ˍˇ˄ ˉʰˊʱʴˇ˄ˍʰ ʰˉˈˋˍʰˋʹˌΣ 

˔ˊˈ˄ˇˎ ˁʰʽ ζʶˉʶʾʴˇ˄ˍˇˌ ̝ ʰˊʰˁˍʺˊʰη ʰ˄ˍʾˋˍˇʽ˔ʰ 

ʃʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ˕ʶˎʵˇˁ˗ʵʽˁʰˌ ˍʹˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ NN ˋˍˇ VRPTW ʰˉˈ ˍˇ˄ 

Solomon: 

1.  ƻǯǬ ǱÙǙǭǳǬǱǪ ǩǤ ǡǭǬǩǬǨǬǠǤǩǚǪǬǦ ÙǢǨǙǰǢǮ 

a.  ǂǤǩǦǬǹǭǠǤǯǢ ǩǜǞ ǪǚǞ ǡǦǞǡǭǬǩǛ 

b.  ǆǚǯǢ ǰǤǪ ǧǢǪǰǭǦǧǛ ǞÙǬǥǛǧǤ ǵǮ ǰǤ ǥǚǯǤ ǰǬǱ ǬǳǛǩǞǰǬǮ ǰǤǮ 

ǡǦǞǡǭǬǩǛǮ 

c.  ƿǪ ǡǢǪ ǱÙǙǭǳǢǦ ǩǤ ǡǭǬǩǬǨǬǠǤǩǚǪǬǮ ÙǢǨǙǰǤǮ ÙǬǱ ǪǞ ǩÙǬǭǢǜ ǪǞ 

ÙǭǬǯǰǢǥǢǜ ǯǰǤ ǡǦǞǡǭǬǩǛ ǳǵǭǜǮ ǪǞ ÙǞǭǞǟǦǙǣǢǰǞǦ Ǭ ÙǢǭǦǬǭǦǯǩǸǮ 

ǰǤǮ ǳǵǭǤǰǦǧǸǰǤǰǞǮ ǰǬǱ ǬǳǛǩǞǰǬǮ ǧǞǦ ǰǵǪ ǳǭǬǪǦǧǺǪ ÙǞǭǞǥǹǭǵǪ 

ǢǫǱÙǤǭǚǰǤǯǤǮ ÙǛǠǞǦǪǢ ǯǰǬ ǟǛǩǞ <g> 

d.  ǎǭǸǯǥǢǯǢ ǯǰǬ ǰǚǨǬǮ ǰǤǮ ǰǭǚǳǬǱǯǞǮ ǡǦǞǡǭǬǩǛǮ ǰǬǪ ÙǢǨǙǰǤ ǩǢ 

ǰǬ ǩǦǧǭǸǰǢǭǬ ǧǸǯǰǬǮ ǚǪǵǯǤǮ ǞÙǸ ǰǬǪ ǰǢǨǢǱǰǞǜǬ ÙǢǨǙǰǤ ǰǤǮ 

ǰǭǚǳǬǱǯǞǮ ǡǦǞǡǭǬǩǛ ÙǬǱ ǡǢǪ ǚǳǢǦ ǡǭǬǩǬǨǬǠǤǥǢǜ 

e.  ǆǚǯǢ ǰǬǪ ÙǢǨǙǰǤ ÙǬǱ ÙǭǬǯǰǚǥǤǧǢ ǵǮ ǰǤǪ ǰǭǚǳǬǱǯǞ ǥǚǯǤ ǰǬǱ 

ǬǳǛǩǞǰǬǮ 

f.  ǎǛǠǞǦǪǢ ǯǰǬ ǟǛǩǞ <c> 

g.  ǍǨǬǧǨǛǭǵǯǤ ǰǤǮ ǡǭǬǩǬǨǸǠǤǯǤǮ ǰǤǮ ǰǭǚǳǬǱǯǞǮ ǡǦǞǡǭǬǩǛǮ 

ɮ˂ʴˈˊʽʻ˃ˇˌ 2.2 Υ ɮ˂ʴˈˊʽʻ˃ˇˌ Nearest Neighbor ɹ ʽʰ ˍˇ VRPTW (1987) 

2.4.2.1.3 ɾʷʻˇʵˇˌ Savings ɹ ʽʰ ˍˇ VRP 

ɶ ʶˎˊʶˍʽˁʺ ˁʰˍʰˋˁʶˎʰˋˍʽˁʺ ˃ʷʻˇʵˇˌ ζSavingsη ʴʽʰ ˍˇ VRP ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇˎˌ Clarke and 

Wright (1964) ˁʰʽ ʰ˄ʺˁʶʽ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ζParallel RoutingηΦ ʀʶˁʽ˄ʱ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰˌ ˃ʽʰ 

˂ˏˋʹ ˋˍʹ˄ ˇˉˇʾʰ ˎˉʱˊ˔ˇˎ˄ ˍˈˋʶˌ ʵʽʰʵˊˇ˃ʷˌ-ˇ˔ʺ˃ʰˍʰ ˈˋˇʽ ˁʰʽ ˇʽ ˉʶ˂ʱˍʶˌ ˁʰʽ ˍˇ ˁʱʻʶ ˈ˔ʹ˃ʰ 

ʶ˅ˎˉʹˊʶˍʶʾ ʷ˄ʰ˄ ˁʰʽ ˃ˈ˄ˇ ˉʶ˂ʱˍʹΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˃ʶʾ˖ˋʹ ˁˈˋˍˇˎˌ ˉˇˎ 

ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ˋˎ˄ʷ˄˖ˋʹ ʵˏˇ ʵʽʰʵˊˇ˃˗˄ ˖ˌ ʶ˅ʺˌΥ ʰ˄ ˇʽ ʵˏˇ ʵʽʰʵˊˇ˃ʷˌ ʶ˅ˎˉʹˊʶˍˇˏ˄ ˍˇˎˌ 

ˉʶ˂ʱˍʶˌ Ὥ ˁ ʰʽ jΣ ʵʹ˂ʰʵʺ ʶʾ˄ʰʽ ˇʽ Ὑ : π Ὥ π ˁ ʰʽ Ὑ : π Ὦ πΣ ˁʰʽ ʰ˄ ʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ 

ʵˏˇ ˇˉˇʽˇ˄ʵʺˉˇˍʶ ˋʹ˃ʶʾ˖˄ x ˁʰʽ y ʶʾ˄ʰʽ Ὠ Σ ˍˈˍʶ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ʵˏˇ ʵʽʰʵˊˇ˃˗˄ ʶʾ˄ʰʽ CRi = 

d0i + di0 ˁ ʰʽ CRj = d0j + dj0Φ ʆˇ ˁˈˋˍˇˌ ˍʹˌ ʵʽʰʵˊˇ˃ʺˌ ˉˇˎ ʻʰ ˉˊˇˁˏ˕ʶʽ ʰˉˈ ˍʹ ˋˎ˄˄ʷ˄˖ˋʺ ˍˇˎˌ 

ʶʾ˄ʰʽ CRij = d0i + dij + dj0 ˁʰʽ ʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ʰˉˈ ˍʹ ˋˎ˄ʷ˄˖ˋʹ ˍ˖˄ ʵˏˇ ʵʽʰʵˊˇ˃˗˄ ʻʰ 

ʶʾ˄ʰʽ Sij = d0i + di0 + d0j + dj0 - d0i - dij - dj0 => Sij = d0i + d0j - dijΦ ʁʽ Clarke and Wright (1964) 

ʶˉʽ˂ʷʴˇˎ˄ ˍˇ ˍˈ˅ˇ ὭȟὮ ̄ ˇˎ ˋˎ˄ʵʷʶʽ ˍˇˎˌ ˉʶ˂ʱˍʶˌ Ὥ ˁ ʰʽ j ˃ʶ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ SijΣ ˉˇˎ ˄ʰ 

ʽˁʰ˄ˇˉˇʽʶʾ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌΣ ʵʹ˂ʰʵʺ ˄ʰ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ʹ ʷ˄˖ˋʹ ˍ˖˄ ʵˏˇ ʵʽʰʵˊˇ˃˗˄Φ ɴˍˋʽΣ ˇʽ 

ʵʽʰʵˊˇ˃ʷˌ ˋˎ˄ʶ˄˗˄ˇ˄ˍʰʽ ʵʽʰʵˇ˔ʽˁʱΣ ˃ʷ˔ˊʽˌ ˈˍˇˎ ˄ʰ ˒ˍʱˋˇˎ˄ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ (BrŅysy & Gendreau, 2005).  
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ʃʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ Clarke and Wright (1964) ̀ ʶ ˕ʶˎʵˇˁ˗ʵʽˁʰ 

1)  ǂǤǩǦǬǱǭǠǜǞ ǩǦǞǮ ǡǦǞǡǭǬǩǛǮ ǠǦǞ ǧǙǥǢ ǚǪǞ ÙǢǨǙǰǤ 

2)  ƻǯǬ ǰǞ ǧǭǦǰǛǭǦǞ ǰǢǭǩǞǰǦǯǩǬǹ ǡǢǪ ǦǯǳǹǬǱǪ 

a)  ǒÙǬǨǬǠǦǯǩǸǮ ǰǤǮ ǩǢǜǵǯǤǮ ǧǸǯǰǬǱǮ ǞÙǸ ǰǤ ǯǱǪǚǪǵǯǤ ǧǙǥǢ ǳǵǭǤǰǦǧǙ 

ǢǲǦǧǰǬǹ ǣǢǹǠǬǱǮ ǡǦǞǡǭǬǩǺǪ 

b)  ǐǱǪǚǪǵǯǤ ǰǵǪ ǡǦǞǡǭǬǩǺǪ ǩǢ ǰǤ ǩǢǠǞǨǹǰǢǭǤ ǩǢǜǵǯǤ ǧǸǯǰǬǱǮ 

ǯǱǪǚǪǵǯǤǮ 

ɮ˂ʴˈˊʽʻ˃ˇˌ 2.3 Υ ɮ˂ʴˈˊʽʻ˃ˇˌ ϦSavings" 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋ˔ʹ˃ʰˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ʶ˄ˈˌ ˉʰˊʰʵʶʾʴ˃ʰˍˇˌ ˍ˖˄ 

ˉˊ˗ˍ˖˄ ˍˊʽ˗˄ ʲʹ˃ʱˍ˖˄ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ζSavingsη ʴʽʰ ʷ˄ʰ VRP ̄ ʷ˄ˍʶ ˉʶ˂ʰˍ˗˄. 

 

ʅ˔ʺ˃ʰ 2.8 Υ ʃʰˊʱʵʶʽʴ˃ʰ ɮ˂ʴˇˊʾʻ˃ˇˎ ϦSavings" 

ʅˍˇ ɮΦ ʃʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ʲʺ˃ʰ м ˍˇˎ ɮ˂ʴˈˊʽʻ˃ˇˌ 2.3Σ ˈˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˍˈˋʶˌ ʵʽʰʵˊˇ˃ʷˌ 

ˈˋʶˌ ˁʰʽ ˇʽ ˉʶ˂ʱˍʶˌΣ ʶ˄˗ ˋˍʰ ɰΣ ɱΣ ɲ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍˊʶʽˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˍ˖˄ ʲʹ˃ʱˍ˖˄ нΦa ˁ ʰʽ 

2.b ˁ ʰˍʱ ̱ ʰ ˇˉˇʾʰ ʶˁˍʶ˂ʶʾˍʰʽ ˋˎ˄ʷ˄˖ˋʹ ̱ ˖˄ ʵʽʰʵˊˇ˃˗˄Υ 


































































































































































