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Objective:

This study aims to design a multi-echelon pharmaceutical supply chain network under
uncertainty. The main objectives are to minimize total network costs and maximum unmet
demand while maximizing the reliability of drug delivery to end customers.

Methodology:

A robust-fuzzy-probabilistic (RFP) programming approach is employed to control uncertain
parameters in the pharmaceutical supply chain network. The proposed network consists of five
echelons: suppliers, manufacturers, distributors, retailers, and customers. The model also
considers general discounts on manufacturers’ raw material purchases and the reliability of
drug delivery. A multi-objective decision-making approach is applied to solve small-scale
instances, while NSGA-1I and MOWOA algorithms are used for larger-scale problems.
Conclusion:

The computational results indicate that increasing uncertainty levels leads to higher total
network design costs and greater shortages. The sensitivity analysis of perishability time shows
that increasing this parameter reduces total network costs and shortages while improving the
reliability of perishable product delivery. Furthermore, ) © test problems of different sizes are
developed for large-scale evaluation. The results indicate no significant difference between
the mean performance of the algorithms across the evaluated indices. Originality: The
originality of this research lies in developing a multi-objective pharmaceutical supply chain
network model that integrates robust-fuzzy-probabilistic programming, general raw material
purchase discounts, product perishability, delivery reliability, and unmet demand under
uncertainty.

Originality:

The originality of this research lies in developing a multi-objective pharmaceutical supply
chain network model that integrates robust-fuzzy-probabilistic programming, general raw
material purchase discounts, product perishability, delivery reliability, and unmet demand
under uncertainty.
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Inputs:
K: Set of sources
J: Set of depots
P: Set of Product
Demy,: Demand on depot j of product p
Capy: Capacity of source k
Try;: Transportation cost of one unit of product from source k to depot j
v(K + J): Encoded solution

Output:
Xyjp: Quantity of shipment between source k and depot j
S;p: Shortage of depot j of product p
Y,: Opening of a center at location k

oo



AY c)\a..‘;'/ r)L@;-jw JLu/\JJSMjMwAJj&l&th

Fors=\toS
Step1. Forp=\toP

Select anode onl = argmax{v(k), Vk € K},so Z Y, =1
K

Step 2. While |{d}| <l
Select a node ond = arg max{v(k),k € K}
If {d}| = lthenv(k—1)=., VkEK,IEL
Trge-p; =inf, VjE€|/lLk€K,l€L
Capw-pn ="+, YVkEK,IEL

Step 3. Whilev(lk|+j) # . ,Vj€]
Step4 ijp = "Sjp =, V] E],k € K,p EP
Step 5. Select anode based onl = argmax{v(p), p€ |K|+1]/1},Vi€] kEK

Step 6. If l € kasourceis selected k™ =1
Thenj* =arg min{Trkj|v(j) * '},Vj € ] select a depot with minimum cost
Elsel € ja depot is selected j* =1
Thenk™ = arg min{Trkjlv(k) * } ,Vk € K select a source with minimum cost

Step 7. Update demands and capacities
Xyxj=p = min(Capy+, Dem;s, + Sj+,)
Capy = Capy — Xy»jop
Demj*p = Demj*p + Sj*p - Xk*j*p

Step 8. If Cap,~ = - thenv(k*) = .
If Demj+, = . thenv(j*) = -

Step 9. If Zijp > . thenY, =)
jp
End
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