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Abstract: This research addresses an integrated problem consisting of production routing,
vehicle routing, and stack size determination under a vendor-managed inventory system, and
examines production and inventory decisions in an integrated manner. In this study, the
production routing problem considering outsourcing is modeled with the aim of minimizing
production, holding, and outsourcing costs. Based on the proposed mixed-integer linear
programming (MILP) model, a hybrid algorithm combining particle swarm optimization and
variable neighborhood search (PSO-VNS) is proposed, and its performance is compared with
the PSO optimization algorithm and the exact solution method on problem instances of small,
medium, and large sizes. The results indicate that all three methods perform satisfactorily in
solving small instances, in terms of the average value of the objective function and execution
time. However, in medium- and large-sized instances, the hybrid PSO-VNS algorithm shows
significantly better performance compared to the standard PSO algorithm in terms of
simultaneously reducing runtime and the value of the objective function.

Introduction: Many large organizations with extensive production capabilities and
widespread distribution to various cities and countries continually seek ways to reduce costs
due to the significant portion of logistics expenses. Research indicates that the production
routing problem (PRP) effectively addresses organizational cost reduction, as production and
routing decisions influence one another. An integrated approach to examining these decisions
is crucial for optimizing and lowering overall costs.

Materials and Methods: In this paper, after modeling the MPRP-OS using the mixed integer
linear programming (MILP) model, the standard PSO and PSO-VNS algorithms were
evaluated to solve it.

Results and Discussion: In this study, the Taguchi method is used to determine the optimal
parameter values for the PSO and PSO-VNS algorithms. The experiments were conducted on
two sets of small instances (5 to 10 customers) and medium - large instances (10 to 25
customers).
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Conclusions: The results indicate that, when comparing the algorithms in terms of their
objective function values and execution time, the PSO-VNS algorithm outperformed the
others. This enhancement can be attributed to the effective integration of the global search
capabilities of Particle Swarm Optimization (PSO) with the local improvement strategies of
Variable Neighborhood Search (VNS), which helps avoid becoming trapped in local optima.

Keywords: Multi-Item Production Routing Problem, Outsourcing, Particle Swarm
Optimization Algorithm - Variable Neighborhood Search (PSO-VNS).
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*Production routing problem with simultaneous delivery and pickup

* Production routing problem with privacy preserving

4 Production routing problem under demand uncertainty
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1- Initialize the parameters (N X o MaAX, L VoV Wdamp, w)

pop? Xmin >

2- Uniformly randomly initialize each particle x;(i=),Y,....,N_ ) in the swarm

3- Generate the initial velocities v, (i=),Y,....., N, ) for each particle randomly

4- Evaluate the fitness value of each particle using the objective function f
5- Set pbest and gbest in the swarm

6- While iter <max, do

7- Fori=1: N_ = (all particle) do

8- Update the velocity v,

9- Update the position of x,

10- Calculate the fitness values of the new particle x;,
11- if x, is better than pbest,

12- set X, to be pbest,

13- End if

14. if pbest, dominate X,

15. insert x, to start point for VNS

16. Y, neighborhood for x; created VNS

17. if Y, dominate pbest,

18. Set Y, to be pbest;

19. End if

20. End if

21. if  x, nondominate pbest; and pbest, non-dominate X,
22. select x; or pbest; randomly

23. end if

24. End for Update w,=w, _ .Wdamp

25.  iter=iter+lI
26. End while
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2 Response surface method
* Taguchi method
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5 Ratio signal-to-noise
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