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The Resilient Supply Network (RSN) has emerged as one of the most critical aspects of supply
chain management. This field focuses on managing the flow of goods, information, and services
from the source to the destination under various conditions in a RSN.The innovative aspect and
novelty of the present research lie in the fact that this article applies the model in the context of
a crisis while considering social damages as one of the model’s objectives. Accordingly, a
mathematical optimization model is designed to enhance the resilience of the supply chain of
healthcare centers (hospitals) in Iran under the critical conditions of the COVID-19 pandemic,
using Goal Programming (GP) combined with fuzzy logic. A Fuzzy Goal Programming (FGP)
model with three objectives is proposed: minimizing total costs across the supply chain,
minimizing the distribution time of medical items to healthcare centers (hospitals), and
minimizing the total social damages. To address the multi-objective nature of the problem in the
context of the RSN during the COVID-19 outbreak in Tehran, a FGP approach is utilized. For
each objective, a desired (ideal) target is defined, and based on the principles of FGP, the model
attempts to minimize undesirable deviations from these ideal targets. This research is applied in
nature, and methodologically it is a descriptive-survey study based on data type and execution
method. From a modeling perspective, it is a mathematical GP model using the Analytic
Hierarchy Process (AHP) to assign weights to the objectives, focusing on the optimization of the
RSN. The proposed model, after review by academic advisors and consultation with 20 experts,
was coded and implemented using GAMS 24 software. The solution methods applied in this
model include the Tiwari method for parameter normalization and the FGP technique. The model
was applied to the COVID-19 pandemic crisis in Tehran, with the resilient medical operations
considered within a five-day (120-hour) time frame, focusing on four key medical items. The
model results show that none of the goals fully reached their ideal values, and deviations
remained across the objectives. However, the model achieved an optimal balance among the
goals, reaching an equilibrium state.

Keywords: Optimization, Resilience, Supply Network, Mathematical Model, Healthcare
Centers.
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Extended Abstract
Introduction

Supply chain disruptions have negative impacts on the organization’s financial performance,

market, and operational processes. Therefore, organizations seek to create a resilient supply chain to
reduce the risks of supply chain disruptions. A resilient supply chain is a system that has the ability to
recover from disruptions and crises and assures customers that this will have minimal impact on them.
Resilience is defined as the ability of a system to return to its original or better condition after a disruption

Healthcare centers must be able to rapidly adapt to catastrophic events such as natural and man-made
disasters. One of the key approaches to confronting such disasters in healthcare facilities is enhancing
resilience. Natural and man-made disasters impose various forms of damage, injury, and loss of life on
affected communities. These disasters can severely disrupt critical infrastructures and facilities, including
hospitals, schools, transportation systems, and emergency services, thereby exerting destructive and
adverse effects on hospitals’ responsiveness. Disruptions and dysfunctions in hospitals may lead to
irreparable losses and casualties. Therefore, strategies for strengthening resilience in healthcare centers
are of vital importance.

Methods and Materials

The present research is applied in terms of its objective, and methodologically it employs
mathematical modeling through fuzzy goal programming, combined with the Analytic Hierarchy Process
(AHP) approach for weighting the objectives. The study addresses the optimization of a resilient supply
chain. The designed model, after being reviewed by supervisors and advisors and validated through
consultation with 20 experts regarding its conformity with real-world conditions, was coded in the GAMS
24 software environment. The solution methods applied in this model include the Tiwari method for
parameter normalization and fuzzy goal programming. To address the multi-objective nature of the main
resilient supply chain planning problem during the COVID-19 crisis in Tehran, a fuzzy goal programming
approach was adopted. Accordingly, for each objective of the problem, an aspiration (goal) level was set,
and based on the principles of fuzzy goal programming, efforts were made to minimize undesirable
deviations from these aspiration levels. For the purpose of implementing the model in the context of the
COVID-19 pandemic crisis in Tehran and ensuring resilient medical operations, the planning horizon was
limited to five days (120 hours) after the crisis, and only four categories of medical supplies were
considered.

Findings

minimization of total cost, minimization of medical The values of the three objective functions
supply distribution time, and minimization of social damages—are presented for different levels of
constraint satisfaction. These values were obtained using the Tiwari method and fuzzy goal programming
in GAMS software. As shown in the results reported in Table (7), the cost objective function is in conflict
with the distribution time and social damage reduction objectives. This means that improving one
objective (e.g., achieving greater satisfaction of the cost objective) inevitably requires compromising the
other two objectives (i.e., achieving lower satisfaction levels for them).

For the implementation of the model in the context of the COVID-19 pandemic crisis in Tehran
and resilient medical operations, the planning horizon was limited to five days (120 hours) after the crisis,
and four types of medical supplies were considered. Finally, the deviations from each of the goals are
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presented in Table (8). As observed, the results indicate that none of the model’s goals have been fully
achieved, and deviations from the aspiration levels still remain. With respect to the other goals as well,
deviations persist overall, and the model ultimately reaches its optimal solution in a balanced state among

the competing objectives.

Discussion and Conclusion

There are various approaches for validating a model. One approach is to use available or historical
data from the COVID-19 pandemic as model parameters. If the model outputs are consistent with real
results and considered reasonable by crisis managers, the model can be deemed valid. However, if the
results significantly differ from reality or appear implausible to decision-makers, necessary modifications
must be made to the model. Another method is to introduce a subset of the model’s parameters as inputs
and then evaluate the model’s outcomes following such variations.

On the other hand, model validity refers to whether the model can accurately measure the attributes
and characteristics it is designed to represent. In the present study, several strategies were employed to
validate the proposed resilient medical supply chain model. Following its design, formulation, and
presentation, expert opinions from specialists and academic advisors were sought, and the model’s
features were compared with the actual state of the medical supply chain during the COVID-19 crisis in
Tehran. The model was developed according to recognized modeling standards, incorporating all rules
and requirements of linear mathematical models with fuzzy objectives/goals and both crisp and fuzzy
constraints.

Some of the parameters and data used in the model were carefully extracted from the theoretical
foundations and existing literature on resilient medical supply chains, while others were generated
randomly. The proposed model and its results were shared with crisis management experts and academic
professors, all of whom confirmed its validity. Moreover, the mathematical models were executed in
GAMS with sufficient accuracy and within appropriate computational times, and sensitivity analyses were
conducted on key parameters. These analyses yielded useful and acceptable results.

The outcomes of sensitivity analysis—assessing the model’s response to variations in critical
parameters and the corresponding effects on objectives—demonstrate the model’s reliability, validity, and
robustness. For performance evaluation, parameters such as storage capacity of medical items, item prices,
and transportation capacity (which are generally controllable) were analyzed. Table (9) presents the
objective function values and decision variable flows without parameter changes, while Tables (9) and
(10) together illustrate the effects of parameter variations on the resilient medical supply chain in the
context of a potential COVID-19 crisis in Tehran. The results indicate that changes in these parameters
lead to only limited fluctuations in the objective function, thereby confirming the model’s stability and
coherence.

For instance, a 15% reduction in medical item storage capacity causes a 20% reduction in the target
market (service provision to patients). This occurs because, under uncertain demand conditions considered
in this study, reduced storage capacity may result in shortages in distributing relief items to central



warehouses and healthcare centers. Consequently, insufficient stockpiling of relief items adversely affects
support to affected populations, challenges long-term crisis management, and may increase COVID-19
transmission and mortality. The proposed model mitigates this issue by incorporating storage capacities
for each medical item and providing a production planning framework.
Furthermore, it was observed that a 15% decrease in storage capacity reduced the treatment
capacity for COVID-19 patients by 20%, highlighting the vulnerability of medical logistics to inventory
shortages. On the other hand, increases of 12% and 20% in item prices and transportation capacity
improved the objective function values by 15% and 25%, respectively, thereby enhancing medical
logistics services.
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