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Natural disasters refer to a set of harmful incidents, which do not originate in humans and threaten human lives around the world. These incidents are usually unpredictable. While most natural disasters appear to be beyond human control, the damage they cause can be controlled significantly. This is directly related to the human pre-emptive action, in particular designing and managing an efficient and constant scheduling in order to provide the required pharmaceutical materials. This paper addresses crisis management in pharmaceutical supply chains, whose three objective functions are to minimize the network total cost, minimize the unmet demand and maximize the satisfaction of social responsibility. In addition, it considers perishability and substitutability with demand uncertainty. Furthermore, two approaches, i.e. TH and Me, are used to handle the multi-objective model and uncertainty. Finally, a case study is presented to validate the mathematical model.

Crisis management has turned out to be a significant fundamental problem across the globe. The irreparable damages caused by crises and their unpredictable natures have made this task a complex disturbing challenge, the query of which has recently been the subject of many studies. In addition, the relatively associated uncertainty has made the management and scheduling more strenuous. Undoubtedly, the most critical damage during a crisis is people's health injuries. Consequently, among all the necessary assistance to the victims of a crisis, the distribution and delivery of medicines and drugs are of great priority. According to the IMS (2015), the global charge on medicines and drugs in 2020 will attain $1.4 trillion, which is a growth of 29-32% more than the last five years' growth rate.

Considering the fact that most losses occur during the first hours of crises, it is evident that assistance (e.g. medicines and drugs) have to be delivered through precise and efficient planning within a very short and limited time. As for this objective, PSCM can be implemented. As a definition, SCM refers to a group of activities to manage each echelon of a SC in order to increase the customer value and achieve a constant advantage. The pharmaceutical industry is a group of activities and processes that lead to the discovery and expansion of products (i.e. drugs and medicines) [START_REF] Peng | The impact of uncertainty in lead time and demand in disaster relief supply chains[END_REF].

Supply chains have devoted lots of studies in the field of locating suppliers and warehouses, allocating distribution channels to demand zones, inventory control or production capacity control. Yet, there is still a great need to provide optimal solutions in the field of PSC [START_REF] Shah | Pharmaceutical supply chains: key issues and strategies for optimisation[END_REF]. The studied PSC problem in this article contains four echelons, namely (a) manufacturers, (b) suppliers, (c) warehouses, and (d) demand zones (each section has its own tasks and features). The presented mathematical model aims to propose a systematic as well as comprehensive approach of scheduling to optimize the inventory level of medicines and the amount of treatment needed in critical situations. Stake-holders can reduce the community costs, including human life loss, by minimizing the unmet demand with the optimum delivery of assistance to the victims via the presented model. As such, the present paper considers a variety of challenges which have not been considered properly in the existing literature (e.g. online network update in case of disruption, demand uncertainty, social responsibility, perishability of products and substitutability), which are commonly inevitable in this industry.

Most researches on crisis management are modeled without considering the possibility of network failures [START_REF] Coombs | Global Crisis Management-Current Research and Future Directions[END_REF], whereas, in real cases, it is possible to have blockage or disruption on paths (mostly fragile nodes such as bridges and freeways) during a crisis. Accordingly, this research comprises two approaches, namely offline and online, to optimize the number of products needed in critical situations. The offline approach includes the two sections of pre-crisis (i.e. prevention and preparation) and crisis response. In the first section (i.e. pre-crisis), the locating of warehouses in different sizes and with different facilities, determining the optimal type and amount of essential goods requiring different maintenance conditions and supplying inventory from suppliers are discussed. The second section (i.e. crisis response) sheds light on the distribution methods of goods from warehouses (as distribution centers) to demand nodes with regards to network disruption.

The model, then, takes the second approach, that is the online or post-crisis phase applying the decisions made in the offline phase. If the route gets disturbed while sending goods to the demand node, it will be reported using satellite data. In this case, the goods in transition should have the possibility to change the destination to another demand node. This versatility and flexibility versus existing uncertainty and permanent adjustment of the proposed model increases the efficiency of the proposed policies.

As one of the sustainable factors in SCM, SR has considerable impact on the long-term success which, despite the abundance of appeal for research [START_REF] Castka | ISO 26000 and supply chains -On the diffusion of the social responsibility standard[END_REF][START_REF] Narayana | Market dynamics and reverse logistics for sustainability in the Indian Pharmaceuticals industry[END_REF][START_REF] Yawar | The role of supplier development in managing social and societal issues in supply chains[END_REF][START_REF] Seuring | From a literature review to a conceptual framework for sustainable supply chain management[END_REF]Klassen and Vereecke, 2012 among others), due to the significance as well as versatility of results in previous studies, further research still needs to be conducted. In fact, because of the connection between the organization and the surrounding geographic environment, a few factors should be taken into consideration. As it is mentioned in ISO 26000, creating more job opportunities and balancing regional economic growth are the two main factors [START_REF] Pishvaee | An accelerated Benders decomposition algorithm for sustainable supply chain network design under uncertainty: A case study of medical needle and syringe supply chain[END_REF][START_REF] Mota | Towards supply chain sustainability: economic, environmental and social design and planning[END_REF] which developed countries have set goals to accomplish. However, SR has not been paid much attention in SCM researches. In this line of inquiry, Zhalechian et al. (2017a) attempted to maximize the satisfaction of SR factors in the field of strategic decisions in their study related to designing a hub-and-spoke network.

Another issue that has not been considered much in the literature is the capability of substituting products. Considering this feature in the field of crisis management in SC planning allows to prevent the human life loss by sending a substitute product with similar characteristics, when the inventory of the main product faces shortage. It should be noted that medicine and drug shortage is a serious issue in any society [START_REF] Abdelrahman | Perceptions of Egyptian physicians about drug shortage during political disturbances: Survey in Greater Cairo[END_REF][START_REF] Alruthia | Drug Shortages in Saudi Arabia: Root Causes and Recommendations[END_REF]Mazer-Amirshahi et al., 2017), which is a worldwide problem that many governments face because of the demand uncertainty and other factors [START_REF] De Weerdt | Causes of drug shortages in the legal pharmaceutical framework[END_REF][START_REF] Gray | Optimization based method for supply location selection and routing in large-scale emergency material delivery[END_REF]. Similarly, studies have been conducted on "Internet of Things" [START_REF] Porter | How smart, connected products are transforming competition[END_REF][START_REF] Porter | How smart, connected products are transforming companies[END_REF], which deals with the substitution of similar products in mechanical and mining industry, having the potential to be incorporated into pharmaceutical industry as well. [START_REF] Eghbali-Zarch | A Markov decision process for modeling adverse drug reactions in medication treatment of type 2 diabetes[END_REF] developed a Markov decision process to model the medication treatment plans of patients' type 2 diabetes in order to control patients' blood glucose level by using pharmacological treatment.

Still another challenging feature that should be taken into consideration in pharmaceutical SCs is the perishability of the medicines and drugs [START_REF] Duan | A new age-based replenishment policy for supply chain inventory optimization of highly perishable products[END_REF]. Paying no attention to drug perishability not only raises the ineffectiveness of the drug and endangers the patient's life, but also causes financial loss to the company due to the loss of goods. As a case in point, the Chicago government lost about $1 million in 2007 due to the expiration of its Health Department medicines [START_REF] Chung | Integrated supply chain management for perishable products: Dynamics and oligopolistic competition perspectives with application to pharmaceuticals[END_REF].

In this line of research, this paper presents an MINLP model with three objectives minimizing the total cost of the network and the maximum unmet demand as well as maximizing the social responsibility. Since real cases face uncertainty in parameters, contrary to the literature that simplified the model by ignoring this issue, this paper tries to present a more applicable model considering uncertainty in the demand parameter.

The structure of this paper is as follows: the existing literature is reviewed in section 2. Section 3 presents the problem framework and the model formulation. The solution method, a real case study and the numerical results, and the conclusion are presented in section 4 to 6, respectively.

Literature review

Research abounds into pharmaceutical SCs. [START_REF] Zahiri | Design of a pharmaceutical supply chain network under uncertainty considering perishability and substitutability of products[END_REF], in an inspiring study in this field, sought to reduce the unmet demand by considering the substitutability of drugs so that, in a case of drug shortage, an alternative drug with similar characteristics could be sent to demand zones. [START_REF] Nematollahi | Economic and social collaborative decision-making on visit interval and service level in a two-echelon pharmaceutical supply chain[END_REF] studied a two-level multiobjective pharmaceutical SC, concerning social and economic factors about the proportionality between the warehouse intervals and the available safety stock in stores. [START_REF] Nematollahi | Coordinating a socially responsible pharmaceutical supply chain under periodic review replenishment policies[END_REF] added a minimum required service level to prevent drug shortage. In the same line of inquiry, [START_REF] Sousa | Global supply chain network optimisation for pharmaceuticals[END_REF] addressed an allocationdistribution structure for a pharmaceutical company which allocated products to sites, and the objective was to maximize the company's net present value. [START_REF] Susarla | Integrated supply chain planning for multinational pharmaceutical enterprises[END_REF] presented a mathematical model to make decisions on task allocations, inventory management, shelf-lives, material transfers, etc., for multinational pharmaceutical enterprises network. A multi-objective MILP model was presented with the target of cost and unfulfilled demand reduction by [START_REF] Mousazadeh | A robust possibilistic programming approach for pharmaceutical supply chain network design[END_REF].

In the field of crisis management, [START_REF] Chen | The temporal hierarchy of shelters: a hierarchical location model for earthquake-shelter planning[END_REF] defined their project in the response phase after the earthquake. Based on scenarios, they considered demand as an uncertain parameter and tried to minimize the total cost. [START_REF] Abounacer | An Exact Solution Approach for Multi-Objective Location-Transportation Problem for Disaster Response[END_REF] defined a model with three objectives in the field of locating and transportation, trying to minimize the service duration, service parameters and the unmet demand, while [START_REF] Döyen | A two-echelon stochastic facility location model for humanitarian relief logistics[END_REF] presented a mixed-integer model with uncertainty for demand and transportation time, intending to minimize the total cost. They solved the model by a heuristic based on Lagrangian relaxation. An MILP Robust Vertex P-Center Model in the area of crisis response was presented by [START_REF] Lu | Robust vertex p-center model for locating urgent relief distribution centers[END_REF], attempting to minimize the maximum distance between relief stations and distribution centers. [START_REF] Ozguven | Case study-based evaluation of stochastic multicommodity emergency inventory management model[END_REF] considered both pre-crisis and response phases in their scientific work. They suggested a quadratic model for an inventory control problem, assuming uncertainty for the use and delivery of products. They used a White Gaussian Noise in order to minimize the total cost of the network. [START_REF] Peng | The impact of uncertainty in lead time and demand in disaster relief supply chains[END_REF] considered the pre-crisis phase, a dynamic system model that represented the issue of reposing warehouses and ordering in which the lead time and the demand parameter were assumed to be uncertain. [START_REF] Van Wyk | Strategic inventory management for disaster relief[END_REF] combined a stochastic inventory model with a disaster recovery plan model, while the inventory level was assumed to be uncertain. [START_REF] Lodree | Supply chain planning for hurricane response with wind speed information updates[END_REF] also considered storm as the crisis and presented a multi-level non deterministic programming model for computing demand (as the uncertain parameter) at the beginning of each semester in the pre-crisis phase. They tried to find the minimum total expected cost. The major innovation of [START_REF] El Agizy | Dynamic inventory models and stochastic programming[END_REF] work was the combination of non-deterministic programming and dynamic inventory models. Like many researchers, El-Agizy also considered the demand uncertainty and looked for the minimum cost. The innovation by [START_REF] Bryson | Using formal MS/OR modeling to support disaster recovery planning[END_REF] was the investigation of both natural and human disasters in shaping the issue under study. These crises included natural crises like drought, famine, disease outbreaks, extreme temperatures, floods, earthquakes and ferocious fires, and also human disasters like industrial accidents, road accidents, terrorism, political disasters and crime. It was tried to present a DRP Model associated with a cost-benefit analysis, while the objectives were to minimize the total coverage cost and maximize the total coverage value. They considered the effect of each critical subprogram as an uncertain parameter such that its type was a measure of reliability. The reliability was defined in terms of the probability of occurrence of a particular type of crisis with the amount and type of a specific effect.

Based on the fact that a crisis can affect initial routing planning (i.e. in a SC network), an efficient planning should be able to update against the blockage to avoid deadly damage. Furthermore, expired drugs not only have no effect but also threaten human lives. Almost none of these factors was mentioned in previous studies. To fill such gaps, the present paper is hoped to dedicate the following main contributions:

• Presenting a new MINLP model for crisis management in PCSs.

• Developing a new objective in pharmaceutical SCs to maximize the satisfaction of social responsibility factors. • Taking into account an online phase in order to update the planning in case of any disruption.

• Designing the mathematical model based on the perishability and substitutability of products.

• Validating the mathematical model with a real-case study in Seattle.

Problem description and the mathematical modeling

Modeling framework

The modeling framework for a pharmaceutical SC is presented in this section (Fig. 1). As was mentioned before, this PSC has four parts, namely primary manufacturer, supplier, warehouse and demand zone. The primary manufacturer's role in this chain is to produce active ingredients and to transfer them to the suppliers. Next, some laboratory processes are applied to these materials to turn them into usable medicines. The drugs are then sent to warehouses. Through a precise planning, the demand nodes are allocated to warehouses to deliver the goods. As mentioned, the first phase of the presented model (i.e., offline-phase) contains two parts, having been looked upon together in a significant part of the contemporary literature: pre-crisis vis-à-vis crisis response (e.g., [START_REF] Mete | Preparing for disasters: medical supply location and distribution[END_REF][START_REF] Rawls | Pre-positioning of emergency supplies for disaster response[END_REF][START_REF] Gray | Optimization based method for supply location selection and routing in large-scale emergency material delivery[END_REF][START_REF] Döyen | A two-echelon stochastic facility location model for humanitarian relief logistics[END_REF]Ozguven and Ozbay, 2012 among others). Locating warehouses in different sizes and facilities, determining the optimal number of essential goods requiring different maintenance conditions and provision of the inventory of warehouses from suppliers is all considered in the pre-crisis part of the offline planning phase. The second part, crisis response, represents the distributing plan of goods from warehouses to the demand zones, taking into account the possible disruptions. In the next step, the output from the first phase enters the second phase, namely the online phase or post-crisis. It should be noted that the online phase is defined after the crisis, when the plans and the managerial role of the offline phase are completely accomplished. That is why optimization problems of the offline and online phases are considered separately. In this case, disruption reports are received during crises, a dummy node is created temporarily at the disrupted area (i.e., on the route between the warehouse and the demand point). Available routes from that dummy node to other demand nodes with the same order are identified. Then the new destination will be selected after ensuring that its path is available. This is when the network disruption can occur in both phases. The disturbance in the offline phase is predicted by the experts, whereas, in the online phase, interruption reports are obtained using satellite data (i.e., disorders and blockings in fragile and vulnerable places (e.g., bridges, tunnels and freeways). It should be noted that after receiving a blocked warning message, the repairing operations starts in order to unblock the route (though the program will not stop till the path is repaired). This approach will make it possible to resend the products when the path is open.

Assumptions

• Transportation between warehouses is possible.

• Locations of primary manufacturer and demand points are constant, while there are several candidate locations for supplier and warehouses. • From each warehouse to each demand node only one unique way is taken into account.

• Suppliers cannot send products directly to demand zones.

• Products are all packed and integer. Flow of product p between primary manufacturer i and supplier g at time t 3 5

Notations

Flow of product P between warehouse w and zone h at time period t 3 6 Flow of product p between warehouse w and zone h which was sent to zone due to a network disruption 3 7

Flow of product P between supplier g and warehouse w at time period t 8 5

1 if the warehouse w of type St be established 8 6

Surplus amount of product p at zone h at time t 8 7

Shortage amount of product p at zone h at time t

Objective decision variables 9 5

Reduce the network's total cost 9 6

Minimize the maximum unmet demand for each product type 9 7

Maximize social factors: variables of employment and economic regional development

3.4. Proposed mathematical model • Offline phase Min 9 5 = > > ? 8 5 @ > > ! ,A5 ? / , @ > > > > ,A5 &A, ? /
,& @ > ? 3 7 @ > ? Λ ? 3 5 @ > ? 2 @ > >C8 7 ? + ? D @ > >C8 6 ? E D

(1)

The first objective function (1) seeks to reduce the network's total cost consisting of establishment cost, inventory holding cost, operations costs, transportation costs among suppliers and warehouses, transportation costs among warehouses and demand zones (including the substitutable products), transportation costs between two warehouses, ordering cost, shortage cost and surplus cost.

Min 9 6 = max + C I > Λ ? 3 5 D (2)
The second objective function (2) tries to minimize the maximum unmet demand for each product type.

Max 9 7 = &' J> >K!" @ " L % 8 5 L @ &( K> > K1 I % L8 5 L (3)
The third objective function (3) sheds light on maximizing social factors: variable of employment and economic regional development.

> / , ,A5 = > 3 4 4 I > 3 7 ∀ , , = 1 O (4) > / , ,A5 = > / P5, P5 ,A5 @ > 3 4 4 I > 3 7 ∀ , , 1 O O (5) > / , ,A Q5PR S = > / P5, ,A Q5PR S @ > 3 4 4 I > 3 7 ∀ , , T (6) 
Constraints ( 4) to (6) calculate each supplier's inventory level for each product, considering their perishability in different periods. Constraints (4) and ( 5) calculate the inventory level when O . There is a clear difference between periods = 1 O and 1 O O , which were considered in these two constraints, and that is the inventory level of products added from the previous level. Constraint ( 6) calculates the stock level when the time period exceeds the perish time. More specifically, the inventory level of each supplier in its current period equals its inventory level in the previous period plus the number of products received from primary manufacturer minus the amount of product sent out to warehouses.

3 7 = > -, ,A5 ∀ , , , O (7) 
3 7 = > -, ,A Q5PR S ∀ , , , T (8) 
Constraints ( 7) and (8) determine the total flow of one product type between a supplier and a warehouse with regard to its production period (i.e. the same way as Eqs. ( 4) to ( 6) are presented).

/ , = > 3 4 4 I > -, ∀ , , , % = (9) 
/ , = / P5, I > -, ∀ , %, , I % >

Eqs. ( 9) and ( 10) calculate the inventory level of each product type for each supplier according to its production period. Indeed, when the production period is equal to the time period, the inventory level will be equal to subtracting the product inflows from outflows. However, if I % O , this period and production period are both within the product's perish time and the inventory level must be equal to the inventory level of the previous period minus the outflow of the current period.

> 3 4 4 ≤ ∀ , , (11) 
Constraint (11) shows the production capacity limit of each product, and also states that in case there exists any inflow, the supplier must be established first.
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Like Eqs. ( 3) to (6), Constraints ( 12) to ( 14) calculate the stock level for each warehouse over different time periods. Clearly, when O [ Eqs. ( 12) and ( 13) ], the authorized interval between production periods and the delivery periods will be % ∈ W1, X and ∈ W%, X, respectively. But if the time period is greater than the product's shelf life, similar to Eq. ( 14), the periods of production and delivery must be within the product's shelf life ( by changing the time period, the production period and the delivery period will change to % ∈ C @ 1 I , D and ∈ C%, % @ I 1D , respectively ).

3 5 = > > ,& ,A5 &A, ∀ , , , O (15) 
3 5 = > > ,& ,A PR S Q5 ,QR S P5 &A, ∀ , , , T (16) 
2 = > > . ,& ,A5 &A, ∀ , , , O (17) 
2 = > > . ,& ,A PR S Q5 ,QR S P5 &A, ∀ , , , T (18) 
Eqs. ( 15) to (18) determine the product's outflow according to its production period.

/ ,& = > -, I > ,& @ > . ,& I > . ,& ∀ , , %, , , = (19) 
/ ,& = / P5,& I > ,& I > . ,& ∀Y, ", Z, # (20) 
Eqs. ( 19) and ( 20) compute the inventory level of warehouses according to the period of product's delivery. It is clear that when I O E (Eq. ( 20)), the stock level is equal to the previous level's, minus the outflows in the current time period.

> * ? 3 5 ≤ 3 5 ∀ , , , (21) 
Eq. ( 21) ensures that the total amount of products that have been substituted do not overstep the amount of transported products.

> > 3 7 ? # @ > > 2 ? # ≤ > > # ? 8 5 ∀ , (22) 
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Eqs. ( 22) and ( 23) show the capacity limitation for each warehouse and also guarantees that, in case of any flow to each warehouse, the warehouse must be established first.

> 8 5 ≤ 1 ∀ (24) > 3 7 ≤ #$ ∀ , , (25) 
3 7 ≤ #$ ? > 8 5 ∀ , , , (26) 
> >K> @ L ? 8 5 @ > > >K> 3 7 ? L ≤ > (27) 
Eqs. ( 24) to ( 27) are related to the offline phase part one (pre-disaster actions). Constraint (24) expresses that each warehouse can be activated in only one situation. Based on Eq. ( 25), the amount of transportation of each product from each supplier to warehouses cannot exceed the inventory level of that product for the same supplier. Constraint (26) shows that each product can be sent to a warehouse only if the warehouse had been activated in one type of situation in the first place. Also, the amount of transported product from each supplier to each warehouse can be maximally equal to the inventory level of that product for each supplier. Eq. ( 27) sets budget constraints for suppliers in such a way that, in addition to the sum of the transportation cost of products from each supplier to warehouses, the sum of setup cost and operation cost of every type of warehouse is not allowed to exceed the supplier's budget.

> 3 5 ≤ > 3 7 ∀ , , (28) 
> 3 5 ? ) I = 8 6 I 8 7 ∀ , , , , % ≠ (29)

8 6 T > 3 5 ? ) I ∀ , , (30) 
8 7 ≤ I > 3 5 ? ) ∀ , , (31) 
Eqs. ( 28) to (31) are related to the offline phase part two (i.e. responding to disaster). Constraint (28) expresses that the amount of the transportation of each product type from each activated warehouse to demand zones is less equal to the inventory level of that warehouse. Eq. ( 29) is indeed a balancing equation for the amount of surplus and the amount of shortage in each demand zone. Eqs. ( 30) and (31) represent a lower bound for surplus and an upper bound for shortage of the product, respectively. 

/ , = 0 ∀ , , %, , O % (32) /′ ,& = 0 ∀ , ,
8 5 ∈ ]0, 1^ (36) 
Constraints ( 32) to (34) list the decision variables that must be zero. Eventually, Eqs. ( 35) and ( 36) are the domain constraints for the defined variables.

• Online phase

The second model deals with online modeling in the defined problem, such that policies and optimal decisions of the offline phase are as input parameters of the online phase.

Min 94 = > >C8 7 ? + ? D @ > >C8 6 ? E D (37)

The objective function (37) shows that the amount of goods shipped from a specified warehouse to a specific demand node, which will be unreachable because of the disruption, is equal to the amount of goods in the middle of the disrupted path being shipped to a new destination.

3 5 ? K1 I ) L = 3 6 ∀ , , , , , ≠ (38) 
Constraint ( 38) represents the flow of goods in each node, indicating that the amount of goods entered into this node should be equal to the amount of goods sent to other demand nodes (except for the disrupted node). It should be noted that the dummy node is a temporary node in which there is no possibility to keep the goods.

3 6 ≤ 2 ? K1 I ) L ∀ , , , , ≠ (39) 
Eq. ( 39) demonstrates that goods will be transferred to a second destination instead of the first one, just in case the first path faces disruption. In other words, redirection occurs only if a new disruption arises in the network.

>`3 5 ? ) a @ > > b3 6 ? K1 I ) Lc 

Eq. ( 40) defines a lower bound for product surplus in a demand node, such that product surplus is at least equal to the number of arrived products to this specific demand node (with no disruption in path) plus the amount of products having changed their path because of the disruption on their primary path minus the demand of this node.

8 6 T >`3 5 ? ) a @ > > b3 6 ? K1 I ) Lc d I ∀ , , , ≠ (41) 
Eq. ( 41) calculates an upper bound for product shortage in a demand node.

8 7 T I >`3 5 ? ) a I > > b3 6 ? K1 I ) Lc d ∀ , , , ≠ (42) 
8 7 ? ≤ ∀ , (43) 
Constraints ( 42) and ( 43) are similar to constraints (30) and ( 31) which were in the offline phase model. 3 6 , 3 5 , 8 6 , 8 7 T 0 ∀ ,

Constraint ( 44) is the domain constraint for the defined variables.

To have a quick look at both mathematical model functions, Fig. 2 is presented. 

Model verification

In this section, the problem is tested in small sizes by using the AUGMECON-2 method applying BARON solver to validate the proposed mathematical model. We have used GAMS software version 24.7.4 on an intel CORE i7 CPU computer set with 8 Gigabytes of RAM. As an appropriate method of producing the optimal-Pareto set in MOIP problems, AUGMECON2 was presented by [START_REF] Mavrotas | An improved version of the augmented ε-constraint method (AUGMECON2) for finding the exact pareto set in multi-objective integer programming problems[END_REF], being an improvement of their latter proposal, AUGMECOM [START_REF] Mavrotas | Effective implementation of the ε-constraint method in multiobjective mathematical programming problems[END_REF]. The improvements caused a far better quality of Pareto solutions and a significant reduction in the calculation time by avoiding redundant repetitions.

As the first step of this method, the most important objective function is considered as the only objective function of the equivalent single objective model and the two other OFs are applied as the constraints. Then, by changing the Right-Hand Side (RHS) values of those constraints (the ones used to be OFs), Pareto solutions are achived by solving the new single-objective model several times [START_REF] Mavrotas | An improved version of the augmented ε-constraint method (AUGMECON2) for finding the exact pareto set in multi-objective integer programming problems[END_REF].

The test problem's parameter ranges are shown in Table 1. The results of Paretooptimal solutions by using the Augmecon-2 method are shown in Figs. 3a and3b with two different structures. Fig. 3 shows the contrast between three objectives. It can be concluded that the results are logical regarding the various values of the objective function. 

Solution method

The proposed model is a nonlinear multi-objective type in the field of pharmaceutical supply chain that has uncertainties in demand parameters and transportation costs. To solve this model, the possibilistic model must first be converted into non-possibilistic, and then a final solution is made using one of the multi-objective problem solving methods.

Among the existing fuzzy measures that can convert a possibilistic chance constraint into crisp form, the possibility (Pos) and necessity (Nec) measures are introduced that can measure the optimistic and pessimistic attitudes of the decision makers. In order to avoid extreme attitudes, [START_REF] Xu | Approximation based fuzzy multi-objective models with expected objectives and chance constraints: Application to earth-rock work allocation[END_REF] introduced a method, named Me (i.e., the expected value operator and chance constrained operator measure). The reason to choose this method is its flexibility in preventing excessive tendencies toward one of the optimistic and pessimistic answers. Studies reached an optimum solution by this method are available in the existing literature (Zhalechian et al., 2017a;[START_REF] Zhalechian | An interactive possibilistic programming approach for a multi-objective hub location problem: Economic and environmental design[END_REF][START_REF] Khodemani-Yazdi | Solving a new bi-objective hierarchical hub location problem with an M∕ M∕ c queuing framework[END_REF][START_REF] Azadeh | A decisionmaking methodology for vendor selection problem with uncertain inputs[END_REF]Akbari-Jafarabadi et al., 2017, among others).

There are several available approaches to solve the multi-objective models, which can be classified into three types; namely priori, posteriori and interactive. Among them, interactive methods have attracted the attention of many recent studies [START_REF] Zhalechian | An interactive possibilistic programming approach for a multi-objective hub location problem: Economic and environmental design[END_REF][START_REF] Rabbani | A robust possibilistic programming approach to multiperiod hospital evacuation planning problem under uncertainty[END_REF]. The strength point of interactive methods is their capability to measure and adjust the satisfaction degree of each objective function explicitly. The Torabi-Hassini (TH) method proposed by [START_REF] Torabi | An interactive possibilistic programming approach for multiple objective supply chain master planning[END_REF], as an interactive group of methods, is used for this study to solve the presented multiobjective model.

Equivalent auxiliary crisp model

To overcome the uncertainty of the model, it should first be converted into two approximate models, LAM and UAM. The possibilistic UAM and LAM models will turn into the crisp form after entering the triangular form of the parameters according to the following mathematical formula:

KE 2L t u u v u u wMin x 1 I y 2 z K5L @ 1 2 z K6L @ y 2 z K7L { | s. t. K6L | @ K1 I L` K7L I K6L a| T € K6L I K1 I L`€ K6L I € K5L a • K6L | I K1 I 'L`• K6L I • K5L a| ≤ K6L @ K1 I 'L` K7L I K6L a | T 0 (45) 
and

K1 2L t u u v u u wMin x 1 I y 2 z K5L @ 1 2 z K6L @ y 2 z K7L { | s. t. K6L | I ` K6L I K5L a| T € K6L @ K1 I L`€ K7L I € K6L a • K6L | @ K1 I 'L`• K7L I • K6L a| ≤ K6L I '` K6L I K5L a | T 0 (46)
where and ' are the minimum satisfaction levels of constraints according to the DM's opinion.
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The definite final model created by the Me method can be found in Appendix A. For the detailed steps of this method, see Appendix B.

Fuzzy interactive programming approach

As was mentioned above, the TH method is used in this paper for the multi-objective solution. According to this method, the final formula is presented below and the main steps are presented in Appendix C. By using the TH method, the primary model will turn into single-objective as the following model:

Max ψ = •y Ž @ K1 I •L > • • ' • • (47) s.t. y Ž ≤ ' • Z = 1, 2, 3 (48) | ∈ K|L y Ž , ' ∈ W0,1X (49) 
where F(x) defines the feasible region.

y Ž = min • ]' • ^ defines the least satisfaction degree of each OF • is the coefficient of compensation • • is the significance level of the k-th 9 • Kwhere ∑ • • • = 1L.
where ' • is the membership function for each objective function. Details about calculating ' • can be found in Appendix C.

To have a quick look at the Me and TH method functions, Fig. 4 is presented. 

Computational experiment 5.1. Managerial insight

A case study of Seattle is presented, in the beginning, to validate the mathematical model of section 3. The 24.7.4 version of the GAMS software helped us to solve the presented an MINL mathematical model for 14 nodes, including 5 warehouses and 9 demand zones (according to the case study data). Afterwards, the sensitivity analysis is presented, taking into consideration the changes of the TH method's major parameters. To prove the significance of the study, the goals of the presented two-phase mathematical model, as the planning of crisis management in pharmaceutical supply chain, are listed below:

• Impressively reducing the amount of unmet demand by considering the second phase of mathematical model in order to avoid the probable disruptions. • Escalating the accuracy of the estimated tolerance of the demand parameter by considering uncertainty in the mathematical model.

• Effective planning in order to substitute drugs with the same application by the time of shortage.

• Reducing the risk of health casualties e.g. poisoning by considering the shelf time and the perishability of drugs.

Case study

The case study in this paper, which is based on a study by [START_REF] Mete | Preparing for disasters: medical supply location and distribution[END_REF], is on an earthquake crisis in the Seattle area, the United States. There are two main faults in this area that can lead to an earthquake, that is Seattle Fault and Cascadia Fault. The Seattle earthquake magnitude scale is estimated to be 6.7 and the earthquake magnitude scale of the Cascadia is estimated to be 9, based on the historical data and the statistical research and analysis of the characteristics of faults. Serious damage is expected for residential and non-residential areas if the earthquake happens.

It is assumed that the Seattle fault earthquake effects on the southern part of the area and the earthquake associated with the Cascadia fault damages the northern part of the city. The working hours of the day are divided into three groups of "W" working hours, "R" rush hours and "N" non-working hours. The working days are from Monday to Saturday, with 8 hours of working time, 5 hours of congestion time and 11 hours of nonworking time. Sundays are considered as non-working hours. It is assumed that the probability of the Seattle fault is equal to 0.4 and the Cascadia fault's is 0.6.

Pharmaceutical and therapeutic goods are divided into three groups of essential commodities for acute, chronic and general diseases. In addition, various conditions required to hold each group of these goods are considered, including the necessity of refrigerating facilities. This way, maintaining all types of pharmaceutical products requires refrigeration facilities except general diseases.

All of the nine demand nodes are considered as assumptions in the Seattle area, considering the fact that the central part of Seattle is more populated during working hours, while residential areas are more crowded in non-working hours. It is also evident that the injured people refer to their nearest health center. Therefore, while the earthquake caused by Seattle's fault happens during the working hours, more demand is considered for demand nodes in the central part of the city. On the other hand, the estimated demand for residential areas in the Cascadia fault earthquake is expected more.

Two suppliers would like to stock up on five existing stores. It is obvious that the product delivery and the inventory filling must be based on the inventory and the budget limitations. In addition, the fixed and operational costs of the selected warehouses should be provided by the allocated budget. Five warehouses with different capacities are suggested in this case study. There are four types of situations for warehouses including the size (i.e. large and small) and the facilities (i.e. with or without refrigeration facilities).

The problem is solved with the data obtained from the case and the result is shown in Section 5.4.1. The conflict of the objective functions as well as the discussion of the result can be found in this section. In the following section, a hypothetical example is presented to provide a better understanding of the network performance in the online phase.

The locations of the warehouses and the demand nodes are specified in Fig. 5. This figure also shows an example of the function of the online phase by assuming shipping therapeutic products associated with acute illnesses from Warehouse 5 to demand zone 6. All the available paths from Warehouse 5 to other zones with the same demand are specified. In this example, in the middle of the road, due to the disruption of the critical network, the highway is blocked (see Fig. 6). The dummy node forms a blocked area and the mathematical model decides to redirect the product. Since there is another blockage on the path to zones 2 and 1, there are only four possible zones (i.e. nodes number 3 to 5 and 9), so that the optimal zone is chosen by the mathematical model. 

Comparative study

In this section, the performance of the DE algorithm (Zhalechian et al., 2017a) is assessed on a number of randomly generated data sets in a comparative study. The data sets comprise 20 test problems ranging from small-to medium-sized cases (i.e. up to 25 demand nodes). The attained solutions, by SADE and the GAMS software, are compared with each other for small-and medium-sized instances. Since GAMS is incapable of solving medium-sized problems, the DE algorithm is developed to assess the proposed SADE algorithm performance. To specify the SADE adjusted parameters, we use the RSM. Table 2 demonstrates the SADE adjusted parameters. In Tables 3, the solutions obtained from the GAMS software and the two developed algorithms (i.e., SADE) are compared for instances up to 25 demand nodes as well as nine establishing warehouse nodes. We calculate the mean value of the relative percentage gap for the five replications of each test problem and recorded it as the APRG. In addition, the required CPU time to realize the optimal solutions and the average CPU time of SADE are disclosed in columns "Exact time" and "Time", respectively. According to Tables 3, the APRG between SADE and the optimal solution is 0.57%. Since the APRG is less than 4%, it can be deduced that both of the algorithms can find a near-optimal solution for small-and medium-sized problems. The test problem size #10 K| | = 20, | | = 8L is the last one that can be worked out by the GAMS software. More complex test problems (i.e., problems #11 to #30) cannot be worked out by the GAMS software because of the high required memory. 

Sensitivity analysis

In this section, considering different values for the major parameters, we analyze the fluctuations of the OFV. The distribution function of parameters is reported in Table 1, which was presented earlier in Section 3.5. Notably, the parameters of this paper are assumed to be symmetric triangular fuzzy numbers.

Effects of the demand and maximum storage capacity of suppliers

According to the assumptions based on the case study data (z = 70 , =40 and i=1#g=3#h=8#w=3#p=5#St=4) and the numerical results obtained from the 24.7.4 version of the GAMS software, we analyze each of the objective functions' sensitivity to demand and the maximum storage capacity of suppliers. We consider 20 scenarios in this section (based on different values for these two parameters) that the alterations of the first and second objective functions are depicted in Figs. 7 and8. The associated numerical results can be found in Tables 4 and5. As can be seen in Table 4 and Fig. 7, the scenarios are based on the ascending order of the maximum storage capacity ( L. By increasing the amount of maximum capacity, the first objective function value (i.e., the total cost of the network) arises proportionally, since by increasing the amount of maximum capacity, the flow of products from the manufacturer to the suppliers also increases. It is obvious that the more flow of products, the more rise in the network's costs.

In contrast, the second objective function is decreased by the growth of the maximum capacity. This means that the second objective function improves if the capacity of the supplier increases. Clearly, provided that the available products in the supplier's warehouse arise, there is more to send to warehouses and demand zones. Thus, the unmet demand decreases. Since the third objective function (i.e., social responsibility issues) did not show any significant change facing any of these scenarios, it is removed from the analyze section. Table 5 focuses on the alteration of the total cost and the minimization of the maximum unmet demand, by changing the value of the demand parameter. It can be seen in Fig. 8 and Table 5 that the total cost increases when the number of demands grows. It can be concluded from the line slope of the first objective function in Fig. 7, compared with Fig. 8, that the negative effect of rising the maximum storage capacity of suppliers on the network cost is much more than the effect of rising the demand parameter. The analysis of the second objective function shows that increasing the demand parameter, in fact, makes the value of this objective worse.

Effects of the TH method parameters

The results of the sensitivity analysis carried out on the TH method's major parameters, the comparative importance of the OFs and the compensation coefficient, are shown in Tables 6 and7. According to Table 6, the first objective function, as the minimizing OF, will increase by decreasing the value of φ, which is the weight given to the satisfaction degree of that objective function, from 0.6 to 0.4. While for the last objective function, as the maximizing one, there is an increase of its value by increasing the value of φ. It is obvious in Table 7 that by enlarging the value of the comparative importance of the OF, which is determined by the DMs, there is an increase in the lower bound of the degree of satisfaction of the OFs and counter wise.

The results of analyzing the LAM and UAM values considering the different values of α given by the DM are shown in Fig. 9. It can be concluded that by increasing the value of the decision maker's reliability factor, there is a remarkable influence on the result of each objective function so that by increasing the value of parameter α, the more pessimistic result of objective function values is gained. By comparing the feasible region of the UAM and LAM, it can be concluded that the UAM helps us gain a better result. After defining an upper and a lower bound for each solution, the decision maker would be able to select the optimal solution. 

Conclusion

This paper developed a two-phase multi-objective non-linear mathematical model with uncertainty for designing a pharmaceutical supply chain considering economic and environmental factors with the main purpose of minimizing unmet demands. For this purpose, a 4-echelon supply chain (i.e., primary manufacturers, suppliers, warehouses and demand zones) was considered. To eliminate the uncertainty, the Me method was used, and the TH method helped us to unify the OFs. Afterwards, by presenting a case study related to the Seattle area, some numerical experiments and sensitivity analysis were presented to evaluate the validity of the model. The sensitivity analysis proved the conflict of the objective functions and showed that by rising the amounts of both demand and maximum storage capacity parameters, makes the value of the first OF worse (i.e. higher total cost) but with different line slopes. The same happens to the second objective function. A comparative study was illustrated to evaluate the performance of the DE algorithm. The results of the APRG proved that both of the presented algorithms could find a near-optimal solution for different sizes of the test problems. Thus, designing the second model to eliminate the possible disruptions during crises gave a great decrease of the unmet demand and consequently a tremendous reduction of human life loss. In addition, considering the issue of drug perishability and substitutability made it possible to distribute products efficiently in a shorter time and with lower costs.

The limitations and delimitations of the present study pose several suggestions for future directions of research. Further studies can consider maximizing the delivery time for distributing products to the demand zones, for instance, which helps deliver medications in a more optimal and reasonable time. The construction of transitional and temporary drug centers in high-risk areas with regard to old data and the study of geographic factors can be other issues to be studied in future research. Another suggestion is to convert the mathematical model into an inventory network model. It is obvious that the products, which face disruption in path, while being distributed to demand zones, can return to the warehouse. This kind of model can reduce the inventory surplus costs.
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Table 1 .

 1 Parameter ranges of the test problem

	Parameters	Values	Parameters	Values
	! e g g g e !n o g n q	~EK10,40L ~EK12,43L ~EK12,43L ~EK12,43L ~EK15,55L ~EK15,25L ~EK10,30L ~EK60,120L	g g l g l g % p *	~EK10,60L ~EK15,25L ~EK50,100L ~EK10,20L ~EK35,85L ~EK15,25L ~EK0,1L r 1 0 1 0 1 0 1 0 1 s

Table 2

 2 

		. SADE parameter settings	
	Algorithm	Parameter	Value
	SADE	Population size	200
		Crossover rate	0.28
		F	0.8
		Iteration in the initialization phase	10
		Iteration in the main phase	700

Table 3 .

 3 APRG and CPU Time for small-and medium-sized problems in SADE ( = 0.3L

	Data set	Test problem size (i#g#h#w#p#St)	Exact time (sec.)	1	2	Replications 3 4	5	APRG (%)	Time (sec.)
	1	1#2#3#2#3#4	87	.00	.00	.00	.00	.00 .000	54
	2	1#2#4#2#3#4	134	.00	.00	.00	.00	.00 .000	65
	3	1#2#4#3#4#4	145	.01	.01	.01	.01	.01 .01	89
	4	1#2#6#3#4#4	450	.09	.13	.2	.10	.11 .12	90
	5	1#3#8#3#5#4	500	.62	.54	.62	.62	.34 .548	100
	6	1#3#12#3#7#4	657	.69	.687	.67	.70	.72 .69	110
	7	1#2#14#5#7#4	789	.90	1.0	.95	.89	.95 .938	125
	8	1#3#16#5#9#4	900	1.1	1.1	1.3	1.2	1.15 1.17	135
	9	1#3#20#8#10#4	1300	1.32	1.3	1.4	1.45 1.35 1.36	150
	10	1#3#25#9#10#4	1657	1.45 1.49 1.51	1.5	1.38 1.46	160

Table 4 .

 4 Results of changing the maximum storage capacity

	Scenario	Cap variation (z	)	OFV1	OFV2
	1	-30%		26295	410
	2	-25%		27500	405
	3	-20%		29100	398
	4	-15%		30870	389

Table 5 .

 5 Objective functions variations according to demand changes.

	Scenario	Demand variation (	)	OFV 1	OFV 2
	14	-20%		29000	270
	15	-15%		29890	290
	16	-10%		31000	315
	17	0		33290	345
	18	+10%		34678	370
	19	+15%		38900	390
	20	+20%		41000	400

Appendix A.

The crisp model transformed from a non-deterministic model with triangular parameters is equal to:

UAM:

Min 9 5 = > >K 1 I y 2 K5L @ 1 2 K6L @ y 2 K7L L ? 8 5 @ > >K 1 I y 2 ! K5L @ 1 2 ! K6L @ y 2 ! K7L L ,A5

? / , @ > > > > x 1 I y 2 K5L @ 1 2 K6L ,A5 &A, @ y 2 K7L { ? / ,& @ > K 1 I y 2 K5L @ 1 2 K6L @ y 2 K7L L ? 3 7 @ > K 1 I y 2 K5L @ 1 2 K6L @ y 2 K7L L ? Λ

Constraints (4-10), (12-27), ( 28) and (32-36).

LAM:

Constraints (4-10), (12-27), ( 28) and (32-36).

Appendix B: Equivalent auxiliary crisp model

Assume an uncertain mathematical model that the chance constraint must be greater equal than a confidence level set by the DM.

where and ' are the minimum satisfaction levels of constraints according to the DM's opinion. and

The LAM and UAM are calculated by:

After entering the triangular form of the parameters, the UAM and LAM will turn into this form:

Appendix C: Fuzzy interactive programming approach

As it was mentioned above, the TH method is used in this paper as the multi-objective solution one. According to this method, the main steps are presented below.

Step 1) The -PIS and -NIS should be defined. To obtain the -PIS solution and the related (OFV) (i.e. | • ŸP ¡ , 9 • ŸP ¡ ), each objective function should be solved separately. However, the -NIS solution should be calculated by: Step 2) Define a membership function for each objective function considering its type (minimization or maximization) as follows:

For the maximizing OFs as depicted in Fig. C1: For the minimizing OFs as depicted in Fig. C2: Step 3) Now by using the TH method, the primary model will turn into a single-objective one as shown in Equations ( 47) to (49) in Section 4.2.

Step 4) In this step, the new model, achieved in the last step, must be solved. Repeat this algorithm by changing the value of the parameters • • and • until you get the satisfaction of the DM.
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