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KEYWORDS ABSTRACT
Supply Chain; Today, economic growth and the enhancement of social welfare have led to a significant surge in
Multimodal Transportation; demand for transportation services. In this context, optimizing logistics costs is a fundamental
Routing; prerequisite not only for reducing final product prices but also for establishing a competitive

advantage and ensuring the sustainability of domestic supply chains. Addressing this challenge
requires comprehensive approaches to transportation network optimization. Particularly within the
pharmaceutical supply chain, the necessity of achieving timely delivery at minimal cost has
rendered the Multi Compartment Vehicle Routing Problem an indispensable strategy. By
facilitating the simultaneous transport of diverse products, these vehicles maximize distribution
efficiency and enhance customer responsiveness with greater economic viability. This study
proposes a novel model for a Multi Compartment Vehicle Routing Problem integrated with
multimodal transportation within the supply chain, aimed at minimizing both total network costs
and distribution time. The proposed model is solved using the TH multi objective optimization
approach via GAMS version 23 software. The computational results demonstrate the efficiency
and robustness of the model. Furthermore, to validate its practical applicability, a real-world case
study of the pharmaceutical supply chain in Tehran is presented, confirming the model’s
effectiveness in optimizing complex distribution networks.

Multi Compartment Vehicle;
Multi Objective Programing.

Extended Abstract

1. Introduction

dimensions, and the optimal design of the pharmaceutical supply chain as an integrated process from raw material

procurement to safe consumption by patients requires effective coordination among suppliers, manufacturers,
distributors, pharmacies, and hospitals. Achieving this coordination depends on interdependent decisions, including the location
of distribution centers and the allocation of transportation routes, whose separate treatment increases total system costs. Since
a considerable share of pharmaceutical product costs is attributed to the transportation and distribution system, multimodal
transportation emerges as an efficient and cost effective alternative to single mode approaches that improves distribution time
and enhances cost efficiency and service quality. Moreover, given the need to control conditions such as temperature in
pharmaceutical products, multi compartment vehicles enable drugs with different temperature requirements to be carried in
separate adjustable compartments within a shared vehicle, thereby reducing loading and transportation costs and enabling more
flexible delivery patterns within a single trip.

r I Y he pharmaceutical industry holds strategic importance due to its direct impact on public health and economic
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2. Modeling and formulation

Given the importance of this issue, a pharmaceutical supply chain network is considered, comprising a set of
raw material suppliers and a set of intermediate nodes for changing transportation modes. In this framework,
pharmaceutical production and distribution centers are also incorporated, and multi compartment vehicles are
assigned to these facilities to transport pharmaceutical products to demand points. The arrival time of the products
at the demand points is explicitly considered in the proposed model. Accordingly, multi-compartment vehicles are
assigned to deliver pharmaceutical products to pharmacies and hospitals, which serve as the demand points.
Ultimately, an optimal supply chain network is designed and implemented to minimize the total cost and overall
distribution time of the network.

3. Figures and Tables

In this study, a fuzzy solution approach is considered to solve the proposed model. In order to demonstrate the
validity of the model and the efficiency of the proposed solution method, several numerical tests have been
performed and the results obtained (value and satisfaction of each objective function) are shown in Table 1 with
different degrees of importance for the objective functions. As expected, it is observed that the proposed solution
method provides unique solutions for different degrees of importance for the objective functions.

Table 1 Sensitivity analysis results in terms of different values of ¢ for different problems
O/E/NM/H/PIC/DIVIK (1, ¢2) (Zy, 1) (Z2, 15)

0.6,0.4) (36970159.05, 0.86) (2432.53,0.77)

1/2/3/2/1/3/2/9/2/2 (0.4,0.6) (38043664.59, 0.83) (2021.04, 0.89)

(0.5, 0.5) (37391057.66, 075) (2216.81, 0.82)

(0.6,0.4) (44122058.42, 0.79) (3810.84, 0.76)

2/2/3/3/2/3/3/11/2/3 (0.4,0.6) (46730483.00, 0.84) (3291.63, 0.83)
(0.5, 0.5) (45014673.16, 0.91) (3568.55, 0.89)

(0.6,0.4) (61905235.18, 0.72) (5027.11, 0.85)

3/2/4/3/2/4/4/13/3/4  (0.4,0.6) (64898801.64, 0.79) (4318.02, 0.91)
(0.5, 0.5) (62485542.43, 0.82) (4688.42, 0.68)

0.6,0.4) (91130859.64, 0.74) (7648.05, 0.85)

3/3/4/4/3/5/5/16/4/5 0.4,0.6) (95044106.00, 0.69) (7129.18, 0.87)
(0.5, 0.5) (93653728.25, 0.74) (7403.57, 0.77)

4. Conclusion and Future Research

In this study, a bi-objective mathematical model was presented for the integrated design and planning of the pharmaceutical
supply chain, considering multi-compartment vehicles, multimodal transportation, and distribution time constraints. The
proposed model aims to establish a balance between two conflicting criteria, including minimizing the total network cost and
minimizing the total distribution operation time, and integrates decisions related to raw material procurement, selection of
intermediate nodes, multimodal transportation, allocation of drug production and distribution, and routing of multi-
compartment vehicles. To solve the multi-objective model, the Torabi—Hassini (TH) method was used, which allows multiple
objectives to be converted into a single-objective problem and a compromise solution to be obtained. The results of the
experimental problems also demonstrated the capability of the proposed solution method to obtain high-quality solutions. In
order to examine the applicability of the model in a real-world environment, a case study of the pharmaceutical supply chain
in Tehran was conducted. The results showed that the model is capable of simultaneously and integratively determining
decisions related to supplier selection, selection of intermediate nodes, changes in transportation modes, allocation of
manufacturing plants and distribution centers, and routing of multi-compartment vehicles. In the case study, only a subset of
the candidate intermediate nodes was selected, and an appropriate combination of transportation modes was used to transport
raw materials. In addition, the allocation of multi-compartment vehicles to distribution centers enabled the simultaneous
fulfillment of demand at different demand points. These results show that considering these decisions in an integrated manner
can prevent isolated decision-making at different levels of the supply chain and provide the basis for more efficient utilization
of transportation capacity. The results of the sensitivity analysis showed that demand and service time are parameters affecting
network performance. An increase in demand increased the total system cost while reducing the total operation time, whereas
an increase in service time increased the total operation time and reduced the total cost. These findings indicate the existence
of a trade-off between cost and time in the design and operation of the pharmaceutical supply chain network and emphasize
the importance of considering these two criteria simultaneously in managerial decision-making. From a managerial perspective,
the research findings show that the use of multi-compartment vehicles can enable the consolidation of different types of drugs
and more effective utilization of fleet capacity, while multimodal transportation and intermediate nodes allow for greater
flexibility in the transportation of raw materials and facilitate a balance between transportation cost and time. Hence,
pharmaceutical supply chain decision-makers can design a more appropriate configuration for the distribution network by
simultaneously considering the network structure, product characteristics, fleet capacity, service time, and demand conditions.

Finally, based on the results obtained, the proposed model provides an integrated framework to support pharmaceutical
supply chain design and planning decisions. However, some assumptions of the model can be extended in future research.
Among others, uncertainty in travel time and service time, sharing among distribution centers, multi-period decision-making,
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and environmental sustainability considerations can be incorporated into the model. In addition, developing more efficient
solution methods for large-scale instances and validating the model in real-world networks using operational data can provide
suitable directions for future studies.
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  m i n     Z 2 =   ∑  j 𝜖 D ∪ C    ∑  k 𝜖 K    𝜏  j k      


  s . t


    ∑  j 𝜖   O  f ∪ N    ∑  h 𝜖 H    u  j i m  f h +   ∑  j 𝜖 H ∪ N      ∑  h 𝜖 H    u  i j m ′  f h = 2     L  i f  m m ′                       ∀     i 𝜖 N         , f 𝜖 F         ,       m ,   m ′ 𝜖 M              


    ∑  j 𝜖   O  f ∪ N    ∑  h 𝜖 H    u  j i m  f h +   ∑  j 𝜖 H ∪ N      ∑  h 𝜖 H    u  i j m ′  f h = 2     L  i f  m m ′                       ∀     i 𝜖 N         , f 𝜖 F         ,       m ,   m ′ 𝜖 M              
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    ∑  i 𝜖 H    ∑  𝛿 𝜖   𝛿  v    ∑  v 𝜖 V    R  i j 𝛿  p ≥   g  j p                                                     ∀       j 𝜖 C       ,   p 𝜖 P                                                                                                                                      


    ∑  i 𝜖 D      d e ~  i p     z  i j ≤  ( 1 +   𝜇  p )     g  j p                                 ∀       j 𝜖 C       ,   p 𝜖 P                                                                                                                                    


    ∑  j 𝜖 C    z  i j = 1                                                                                               ∀         i 𝜖 D                                                                                                              


    ∑  i 𝜖 D    z  i j ≥ 1                                                                                               ∀     j 𝜖 C                                                                                                                                                            
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    g  j p ≤   M Q  p j                                                                                             ∀       j 𝜖 C       ,   p 𝜖 P                                                                              


    y  j p e ≤   𝜆  e .       𝛾  p e                                                                                     ∀     j 𝜖 D     ,   p 𝜖 P       ,   e 𝜖   E  k       ,   k 𝜖 K                                                        


    ∑  e 𝜖   E  k    𝜆  e ≥ 1                                                                                               ∀     k 𝜖 K                                                                                                      


    ∑  j 𝜖 C    z k  j k = 1                                                                                           ∀       k 𝜖 K                                                                                                                                            


    ∑  k 𝜖 K    z k  j k ≥ 1                                                                                           ∀     j 𝜖 C                                                                                                                                  


    ∑  k 𝜖 K    z k  j k = 1                                                                                         ∀     j 𝜖 D                                                                                                                                                          


    z k  j k ≥   x  j i k                                                                                             ∀       i , j 𝜖 D ∪ C           ; i ≠ j       ,   k 𝜖 K                            


    ∑  i 𝜖 C    ∑  j 𝜖 D    x  i j k ≤ 1                                                                           ∀     k 𝜖 K                                                                                                                                                          


    ∑  j 𝜖 D    ∑  k 𝜖 K    x  i j k ≥ 1                                                                             ∀     i 𝜖 C                                                                                                                                          


    ∑  j 𝜖 D ∪ C    x  i j k −   ∑  j 𝜖 D ∪ C    x  j i k = 0                                       ∀     i 𝜖 D ∪ C     ; i ≠ j       ,       k 𝜖 K                                                                                


    u n  j k −   u n  i k +  | D | ∗   x  j i k ≤  | D | − 1                         j , i 𝜖 C       , k 𝜖 K                                                                                                                


    z  i j ≥   x  j i k                                                                                                     ∀     i 𝜖 D       ,   j 𝜖 C         ,   k 𝜖 K                                                                                    


    ∑  k 𝜖 K    x  i j k ≤ 1                                                                                           ∀       i , j 𝜖 D ∪ C         ; i ≠ j                                                                                            


    ∑  i 𝜖 C ∪ D    ∑  k 𝜖 K    x  i j k = 1                                                                       ∀       j 𝜖 D                                                              


    ∑  p 𝜖 P    ∑  e 𝜖   E  k    y  j p e ≤  | P |   .     ∑  i 𝜖 C ∪ D    x  i j k                               ∀     j 𝜖 D       ,   k 𝜖 K                                                                                                                  


    ∑  i 𝜖 D    ∑  p 𝜖 P      d e ~  i p     y  i p e ≤   q k  e                                           ∀     e 𝜖   E  k         ,   k 𝜖 K                                                                                                                            


    𝜏  j k ≥     d i s  i j    𝜀  k + 𝜎 − b i g m ∗  ( 1 −   x  i j k )                           ∀       j 𝜖 D     ,   i 𝜖 C       ,   k 𝜖 K                                                                            


    𝜏  j k ≥   𝜏  i k +     d i s  i j    𝜀  k + 𝜎 +   ∑  p 𝜖 P    ∑  e 𝜖   E  k      𝜑 ~  i p     y  i p e − b i g m ∗  ( 1 −   x  i j k )           ∀       i 𝜖 D     ,   j 𝜖 D ∪ C       ,   k 𝜖 K                                                                                                                                                                                                                            


    𝜏  i k +     d i s  i j    𝜀  k + 𝜎 +   ∑  p 𝜖 P    ∑  e 𝜖   E  k      𝜑 ~  i p     y  i p e − b i g m ∗  ( 1 −   x  i j k ) ≤ T                           ∀     i 𝜖 D       ,   j 𝜖 C       ,   k 𝜖 K                                                                                                                      
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    𝒲 1  N I S =   𝒲 1 (   x 2  P I S )


      𝒲 2  N I S =   𝒲 2 (   x 1  P I S )
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   (   Z 1 ,   𝜇 1 )


   (   Z 2 ,   𝜇 2 )


   ( 0 . 6   ,   0 . 4 )


   ( 0 . 4   ,   0 . 6 )


   ( 0 . 6   ,   0 . 4 )


   ( 0 . 4   ,   0 . 6 )


   ( 0 . 6   ,   0 . 4 )


   ( 0 . 4   ,   0 . 6 )


   ( 0 . 6   ,   0 . 4 )


   ( 0 . 4   ,   0 . 6 )


  Z 1 = 62485542 . 43           ,       Z 2 = 4688 . 42

