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Researches and information available shows that the number of natural disasters is increasing dramatically; hence disaster management is become as one of the most important topics. In this study, in order to manage effectively the logistics activities in cases of natural disaster, a comprehensive study of a multi-objective vehicle routing problem model for perishable items are proposed. The expiration date of goods and time windows have to be also taken into account. In this case, respecting short life shelf of highly perishable items, as blood or blood derivative products, and some pharmaceutical products, as well as disaster situation change the classical routing problem form, principally based on cost optimization, in to service level maximization and time optimization. With this aim, a multi-objective routing problem has been developed. The first objective in this situation is to maximize satisfaction and covering their demands and the second objective is to minimize the total time needed to transfer perishable goods. Finally, proposed resolution approach and a numerical example solved by using CPLEX 12.6, illustrate the procedure of the presented model.

INTRODUCTION

Natural disasters such as earthquake are complicated, in which it is so difficult to predict the time and location of the earthquakes, despite using the net of thousand seismographs and continual analysis of data, using powerful computers, all around the world. Accidental and unpredictable nature of Natural disasters leads to existence of comprehensive plans in order to reduce the danger of the probable events.

According to the previous experiences, although logistical actions and evacuation operations are important procedures, in order to reduce the fatality after an earthquake, the determination of good logistical plan remain difficult.

The occurrence of unexpected events and natural disasters and effects of them, requires contemporary societies to do necessary planning to face and minimize the deleterious effects. Although in minor incidents, doing it empirically is possible and there is no need for special tools, during bigger disasters and natural calamities such as earthquakes, because of the size and complexity of the factors involved, it is not possible to do it empirically. Despite great scientific progress and reduced concerns about big crisis, yet, during crisis, most of the aid responses require the skills of involved and responsible organizations. Regardless of the type of special operations by these organizations, all of them follow an important and shared purpose which is the fast delivery of right amount of goods, energy and financial resources to affected areas. In order to achieve this goal, improvement in the logistics area can have effective results. Another key role of logistics and routing problem in crisis is in comprehensive planning to respond quickly and save the victims of the crisis, because over time, the likelihood of their survival decreases rapidly.

After a crisis, routing problem is one of the main activities for responding, since it is a complex subject. Routing problem and logistics are part of the supply chain management that include planning, implementing and controlling the forward and reverse flow, storage of goods, services and related information between the point of origin and point of consumption efficiently to satisfy customer requirements.

Thus, the question of interest in this study is providing a suitable planning, based on which, perishable items could be transferred to medical centers on the lowest time during the crisis. Obviously, it is very difficult and complex task; because, in spite of the huge mass of activities, and limited resources at hand, no precise information on the needs in the affected areas is available.

LITERATURE REVIEW

Since one of the important parts of crisis management is routing problem, determining an overall system for logistics management, while coping with the crisis and minimizing its damages is vital. In fact, with better forethought and planning, the extent of damage and injuries caused by the crisis can be reduced effectively. With this view, many studies have been done in the area of Crisis Management, Routing problem and Relief Logistics.

Ray [START_REF] Ray | A Multi-Period Linear Programming Model for Optimally Scheduling the Distribution of Food-Aid in West Africa[END_REF] presented a single commodity network flow model with multi-mode, taking into account the limited capacity of the network. In this model, planning horizons is considered as multi-periodic and the objective is to minimize the sum of all costs that are achieved during the transportation and storage of food aid to the victims. Crainic et al. [START_REF] Crainic | Multicommodity, Multimode Freight Transportation: A General Modeling and Algorithmic Framework for the Service Network Design Problem[END_REF] proposed an optimization algorithm based on decomposition and column generation in order to minimize the total operation cost and delay, for a transportation network with multiple modes and multiple types of products .In 1990, Haghani and Oh [START_REF] Haghani | Formulation and Solution of a Multi-Commodity, Multi-Modal Network Flow Model for Disaster Relief Operations[END_REF] proposed a network of multi-mode and multi-type commodity allocation model for the purpose of strategic planning in order to predict the flow of goods in the network. The objective function of this model is to minimize the total cost of routing and transmission .In order to transport vital supplies to areas that has been affected by the crisis, Barbarosoilu et al. [START_REF] Barbarosoglu | A Two-Stage Stochastic Programming Framework for Transportation Planning in Disaster Response[END_REF] proposed a two-stage stochastic programming model for transferring vital aid items in crisis where a network with multiple modes of transportation and several kinds of commodity are considered. In the context of vehicle routing, operational scheduling of helicopter activities during relief after the crisis is considered by the authors. For example, Barbarosoglu et al. [START_REF] Barbarosoglu | An Interactive Approach for Hierarchical Analysis of Helicopter Logistics in Disaster Relief Operations[END_REF] proposed a model for staff allocation, routing and transportation .Yi and Ozdamar [START_REF] Ozdamar | Emergency Logistics Planning in Natural Disasters[END_REF] presented a model which is a mixed integer programming model that combines the vehicle routing problem with the problem of locating facilities and considers the network flow as multi-commodity. In one recent study, Balcik and Beamon [START_REF] Balcik | Facility Location in Humanitarian Logistics[END_REF] presented to determine the number and location of distribution centers that should be used in rescue operations. In this study, the positioning problem is formulated as a kind of Maximum Covering Problem, where estimates are available on demand for a range of possible scenarios. In 2004, Ozdamar et al. [START_REF] Ozdamar | A Dynamic Logistics Coordination Model for Evacuation and Support in Disaster Response Activities[END_REF] proposed a programming model integrated with decision support systems have been in the context of natural disasters. This model presents time-dependent dynamic transportation planning problem that needs to be repeated at relief intervals .In the context of perishable items, Sazvar et al. [START_REF] Sazvar | A replenishment policy for perishable products with non-linear holding cost under stochastic supply lead time[END_REF] developed an inventory model for perishable products under stochastic lead time assumption. Sazvar et al. [START_REF] Sazvar | A bi-objective stochastic programming model for a centralized green supply chain with deteriorating products[END_REF] proposed a new replenishment policy in a centralized supply chain for deteriorating items. In this model, inventory and transportation costs, as well as the environmental impacts under uncertain demand were considered. The literature does not lack approaches on Relief logistics problem solving methods, innovative and ultra-innovative solutions. For example, in 2007 for the aid logistical problem, Yi and Kumar [START_REF] Yi | Ant Colony Optimization for Disaster Relief Operations[END_REF] applied ant colony algorithm method. The model is divided into two phases of decision making. The first phase makes possible routes under the guidance of the of pheromone traces, while in the second phase the solution developed to assign different types of vehicles and goods.

PROBLEM DISCRIPTION

Studying the issue of crisis management has started so many years ago. The need for logistics management in relief efforts after crisis such as the earthquake has been in researchers' interest for the recent years. In this context, the first objective in this situation is to maximize satisfaction and covering their demands and the second objective is to minimize the total time needed to transfer perishable goods.

Details of the constraints are given as follows.

1-There are some source points and each source point has a determined inventory of each perishable item. In source points we have the conditions of keeping the items.

2-There are some destination points in which there are determined demands in various times for each item.

3-There are some intermediate points (likes squares or crossroads) that connect the edges of the routs (city distance method).

4-In all points there is the possibility of passing vehicles.

5-There are some different types of vehicles with different capacity for transporting items. The vehicles don't have the possibility of keeping the perishable items for a long time.

The problem can be formulated as an integer programming. We assume all parameters are non-negative numbers, and the number of customers and number of vehicles are integers. If there is a vehicle goes from source to destination in time 𝑡, it will be one and otherwise zero 𝐹𝐹 𝑡

Model Formulation

An integer linear programming (ILP) model is proposed to minimize the total time needed to transfer perishable goods and to maximize satisfaction and covering their demands. The formulation (objective function and constraints) of the proposed model are explained below.

Objective Function:

𝑚𝑖𝑛 𝐹 1 = ∑ ∑ ∑ max (0, ∑ 𝑑 𝑝,𝑢 𝑣 𝑡 𝑢=1 -∑ 𝑥𝑑 𝑝,𝑢 𝑛 𝑡 𝑢=1 ∑ 𝑑 𝑝,𝑢 𝑣 𝑡 𝑢=1 ) 𝑡 𝑝 𝑛 (1) 𝑚𝑖𝑛 𝐹 2 = ∑ ∑ ∑ ∑ ∑ 𝐿 𝑢-𝑡 𝑛 𝐹 𝑚,𝑝,𝑡,𝑢 𝑛 𝑢≥𝑡 𝑡 𝑝 𝑚 𝑛 (2)
Objective function (1) maximize the satisfaction and covering the demands of destination points. In other words, this equation subtracts the accumulated amount of satisfied demands (the accumulated amount of demands in a destination point for a period and all of previous periods that are satisfied by sending the products) from the total accumulated amount of demands (the total accumulated amount of predicted demands in a destination point for a period and all of previous periods) divided by the total accumulated amount of demands. It gives us a fraction that shows the percentage of accumulated unsatisfied demands in a destination point and by adding these fractions for all of periods, destination points and product types. The final result expresses the total accumulated amount of unsatisfied demand which we obviously want to minimize. (Note that in order to avoid the negative amounts for that fraction, we maximize the value of that fraction and value of zero.)

Objective function [START_REF] Crainic | Multicommodity, Multimode Freight Transportation: A General Modeling and Algorithmic Framework for the Service Network Design Problem[END_REF], multiplies the number of product 𝑛, sent from source 𝑚 in time 𝑡 and arrived to destination 𝑝 in time 𝑢, by the amount of penalty. The amount of penalty for product type 𝑛 depends directly on the amount of 𝑢 -𝑡 (the time between source and destination). In fact, the increase in 𝑢 -𝑡 causes an increasing of penalty, and after the expiration date of items the amount of penalty will be multiplied. Finally, we minimize the summation of these results in order to reduce the total amount of penalties. Therefore, the model is looking for transferring items in shorter times. Knowing that the Hierarchical Method is used to solve this model, we can be assured that there will be no disturbance in the satisfaction of demands.

Notice that in the first objective function, we want to increase the total satisfaction of demands. Hence, it tends to increase the number of transferred products. Unlike this one, the second objective function wants to reduce the total amount of penalties, and conversely, it tends to decrease the number of transferred products. Therefore, we can clearly see the conflict for the desired amount of transferred products in these two objective functions.

Constraints: [START_REF] Barbarosoglu | An Interactive Approach for Hierarchical Analysis of Helicopter Logistics in Disaster Relief Operations[END_REF] expresses that the number of product 𝑛 that leaves source 𝑚 at time 𝑡 is equal to the number of product 𝑛 that reach destinations at times 𝑢 ≥ 𝑡. Constraint [START_REF] Ozdamar | Emergency Logistics Planning in Natural Disasters[END_REF] indicates that the number of products that goes from source 𝑚 to destination 𝑝 at the end of the time 𝑡 have to be equal to the number of product 𝑛 that reaches destination 𝑝 at time 𝑡 minus the number of product 𝑛, sent from destination 𝑝 to other destination points at time 𝑡. Constraint ( 7) respects the capacity of vehicle. Constraints [START_REF] Ozdamar | A Dynamic Logistics Coordination Model for Evacuation and Support in Disaster Response Activities[END_REF] expresses that the number of products, sent from sources is less or equal to the inventory of that source. Constraint ( 9) respects the number of vehicles that can be passed in each route. Constraint [START_REF] Sazvar | A bi-objective stochastic programming model for a centralized green supply chain with deteriorating products[END_REF] expresses that the number of products, enter to each intermediate point at time t, is equal to the number of products that leaves this point at the same period. Constraint [START_REF] Yi | Ant Colony Optimization for Disaster Relief Operations[END_REF] indicates that if passing the rout is allowed, the variable z can take values, otherwise, z will be zero. Constraint [START_REF] Ding | Discussions on normalization and other topics in multi-objective optimization[END_REF] expresses that if passing the route of source to destination in 𝑢 -𝑡 time will be allowed, the variable 𝐹 can get the value of more than zero, otherwise it must be zero.

∑ ∑ ∑ ∑ 𝑥 𝑦,

NUMERICAL EXAMPLE

An illustrative example is used to show the application of the proposed model. We solved an example which has 13 nodes, 32 edges and 1 type of vehicle as you see in Fig 1. The node N1 and N2 are warehouses (source nodes). The nodes N3, N4 and N5 are medical centers (destination nodes) and others nodes are intermediate nodes. There are some oneway and two-way roads. For example N1 to N6 is two-way road and N1 to N4 is one-way road. We assume that the penalty function is as below.

𝐿 𝑢-𝑡 𝑛 = { 𝑢 -𝑡 𝑢 -𝑡 ≤ 5 2 * (𝑢 -𝑡) 𝑢 -𝑡 > 5 (13) 
It means that if the travel time between source node and destination node is equal or less than 5, which is our assumed expiration date, the penalty will be equal to travel time. Since it is less than the expiration date of the product, we assumed a lower penalty, but if the travel time is more than 5, the probability of spoilage is more, thus, the slope of penalty will be more. Here, we assumed that after the expiration date, the slope of penalty is double of the travel time. This example considers that there is just one type of perishable item. We added 3, 2, 1, 1, 2 and 1 vehicles in node N2, N1, N1, N12, N6 and N10 at time 0, 0, 4, 0, 0 and 3, respectively. There are 250 and 1200 initial goods in inventory respectively in source N1 and N2. The demands of the medical centers (destination nodes) are as below. 

Results

The proposed model (Eq. ( 1)-( 11)) were solved by CPLEX 12.6 with 4 GB of RAM. The model has 12,112 constraints, 104,159 variables. Using an Intel 2.1 GHz processor, the global optimal solution is reached after 11.36 seconds of runtime (and 69,023 iterations). For the solution procedure, the Hierarchical Method is used [START_REF] Ding | Discussions on normalization and other topics in multi-objective optimization[END_REF]. This method gives us the capability of ranking the objective functions, and then the lower ranked function will be minimized, subject to the new set of constraints that won't allow the values of the higher ranked objective function, to surpass a predetermined fraction of their optimal values. The main idea of the Hierarchical Method in multi objective problem is to transform one or some of them as constraints instead of objective functions. In proposed model, since there are two objective functions, first one is considered as main objective function and the model is solved without considering the second objective function. Then, the first objective function converts into a constraint and finally, by solving the model with objective function (2) subjected to the new set of constraints, the final results can be reached. In the Hierarchical Method, in order to convert the objective function into a constraint, a parameter called 𝜀, should be considered, which can be interpreted as the distance from optimality in percent [START_REF] Ding | Discussions on normalization and other topics in multi-objective optimization[END_REF]. We considered 𝜀 as a fraction of optimum amount of first objective function (𝛼𝐹 1 * ). Here, we assumed 𝛼 to be 0.1. The new constraint is as below: To provide the demands of N4 (destination node), 80 and 3 products must be sent from N1 at time 0 and 18, respectively. 37, 39 and 21 products must be sent from N2 at time 9, 10 and 18, respectively, as it's shown in Fig 3. In this case, the obtained optimum value of objective function ( 1) is 3.411, which is between the minimum 3.101 (𝐹 1 * ) and maximum 75 (𝑛 * 𝑝 * 𝑡). This value indicates that the total accumulated amount of unsatisfied demand is not too much (4.5%). The obtained optimum value of second objective function is 5753. This value expresses the amount of penalty which is multiplied by the number of transferred products. The maximum amount for this objective function is 8899. By increasing the value of 𝛼 from 0.1 to 0.2, the obtained optimum amount of objective function (1) will be 3.721 (9% increase), and the obtained optimum amount of second objective function will be 5321 (8% decrease). By continuing to increase the amount of 𝛼, we will face an increase in the amount of unsatisfied demands and a decrease in the amount of incurred penalty. The increase in the first objective function and the decrease in the second objective function, shows the tradeoff between the two objective functions.

𝐹 1 (𝑥) ≤ 𝐹 1 * + 𝜀 ( 

CONCLUSION

According to previous experiences, although logistical actions and evacuation operations are important procedures, during an earthquake and other disasters, the determination of good logistical plan remains difficult. In this situation, it is obvious that people's requirements have to be met by stored commodities from related suppliers. Moreover, knowing that some commodities have limited life times, in order to transfer them to their destinations, this limitation must be taken into consideration. Therefore, according to these conditions, a multi objective model for routing problem has been proposed. The first objective is to maximize satisfaction and covering their demands, and the second one is to minimize the total time needed to transfer perishable goods. Proposed resolution approach has been presented, along with an example that illustrates the procedure of this model. The results of solving this example by CPLEX 12.6 based on the Hierarchical Method are analyzed and showed a good trade-off between the two objectives. Finally, it should be noted that the future plans of the authors include multi delivery point network designing by considering one-way and two-way 
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 1 Figure 1: Network schema for numerical example

  In this case, to provide the demands of N3 (destination node), 40, 40, 40, 40 and 7 products must be sent at time 1, 3, 4, 11 and 16, respectively. 34 products must be sent from N2 at time 10, as it's shown inFig 2. 
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 2 Figure 2: Providing routs for the demands of N3
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 43 Figure 3: Providing routs for demands of N4 120 and 60 products are sent to the destination node (N5) at time 0 and 12, respectively, as it's shown in Fig 4.
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 4 Figure 4: Providing routs for demands of N5

  Is equal to 1, if the vehicle type 𝒗 leaves point 𝒐 in the direction of point 𝒈 at time 𝒕 and reaches point 𝒈 at time 𝒖, otherwise zero. Penalty, if the product 𝒏 moved from source at time 𝒕 and arrives to destination at time 𝒖. (More distance between 𝒕 and 𝒖, generate greater amount of penalty.) Amount of space occupied by each unit of product. 𝑣𝑛 𝑛 Initial inventory of product 𝒏 in source 𝒎. 𝐼𝑁 𝑛,𝑚 The maximum number of vehicles that can be crossed at the edge of 𝒐 to 𝒈. 𝑟𝑐 𝑜,𝑔 If the pass from 𝒐 to 𝒈 is allowed, is equal to 1 and otherwise zero. (the output of the algorithm) 𝑟 𝑜,𝑔 The number of product 𝑛 that goes from point 𝑜 to point 𝑔 with vehicle 𝑣 at time𝑡. 𝑥 𝑜,𝑔,𝑡 𝑛,𝑣 The number of product 𝑛 that reached destination 𝑝 at time 𝑡 in order to be consumed in destination 𝑝. 𝑥𝑑 𝑝,𝑡 𝑛 The number of vehicles of type 𝑣 goes from 𝑜 to 𝑔 at time 𝑡. 𝑧 𝑜,𝑔,𝑡 𝑣 The number of product 𝑛 that vehicles of type 𝑣 left source 𝑚 at time 𝑡 and reach destination 𝑝 at time 𝑢. 𝐹 𝑚,𝑝,𝑡,𝑢 𝑣

	Variables:	
	Indices and Sets:
	𝒎	Set of source points
	𝑝	Set of destination points
	𝑘	Set of intermediate points
	𝑜, 𝑔	Total points
	𝑣	Index for type of vehicles
	𝑡, 𝑢	Time index
	𝑛	type of product Index
	Parameters:
	𝑯 𝒐,𝒈,𝒕,𝒖 𝒗	
	𝑎𝑣 𝑜,𝑡 𝑣	The number of vehicle type 𝒗 added to point 𝒐 at time 𝒕.
	𝑑 𝑝,𝑡 𝑛	Demand prediction of product 𝒏 in point 𝒑, at time 𝒕
	𝑐𝑣 𝑣	Capacity of vehicle type 𝒗.
	𝐿 𝑢-𝑡 𝑛	

  Constraint (3) controls the products equality in destination points. The amount of product 𝑛 that reaches the destination 𝑝 at the time 𝑡 in order to be consumed in 𝑝 is equal to the

	𝑡					𝑢		𝑡
								𝑜,𝑝,𝑢 𝑛,𝑣	𝐻 𝑜,𝑝,𝑢,𝑡 𝑣	-∑ ∑ ∑ 𝑥 𝑦,𝑝,𝑔,𝑡 𝑛,𝑣	= 𝑥𝑑 𝑝,𝑡 𝑛	∀𝑝, 𝑛, 𝑡	(3)
	𝑢=1		𝑣	𝑜	𝑦=1	𝑦=1	𝑣	𝑔
								𝑡
	∑ 𝑧 𝑜,𝑔,𝑡 𝑣	= 𝑎𝑣 𝑜,𝑡 𝑣 + ∑ ∑ 𝑧 𝑔,𝑜,𝑢 𝑣	𝐻 𝑔,𝑜,𝑢,𝑡 𝑣	∀𝑣, 𝑜, 𝑡	(4)
	𝑔							𝑔	𝑢=1
	∑ ∑ 𝑥 𝑦,𝑚,𝑔,𝑡 𝑛,𝑣 𝑔 𝑣	= ∑ ∑ 𝐹 𝑚,𝑝,𝑡,𝑢 𝑛 𝑢≥𝑡 𝑝	∀𝑚, 𝑛, 𝑡	(5)
				𝑡		
	∑ ∑ ∑ 𝑥 𝑦,𝑜,𝑝,𝑢 𝑛,𝑣	𝐻 𝑜,𝑝,𝑢,𝑡 𝑣	-∑ ∑ 𝑥 𝑦,𝑝,𝑔,𝑡 𝑛,𝑣	= ∑ 𝐹 𝑚,𝑝,𝑦,𝑡 𝑛	∀𝑝, 𝑛, 𝑡, 𝑦	(6)
	𝑣	𝑜	𝑢=1			𝑣	𝑔	𝑚
	𝑡						
	∑ ∑ 𝑥 𝑦,𝑜,𝑔,𝑡 𝑛,𝑣	𝑣𝑛 𝑛	≤ 𝑧 𝑜,𝑔,𝑡 𝑣	𝑐𝑣 𝑣	∀𝑣, 𝑜, 𝑔, 𝑡	(7)
	𝑦=1	𝑛				
	∑ ∑ ∑ 𝑥 𝑡,𝑚,𝑜,𝑡 𝑛,𝑣	≤ 𝐼𝑁 𝑛,𝑚	∀𝑛, 𝑚	(8)
	𝑣	𝑜	𝑡			
	𝑧 𝑜,𝑔,𝑡 𝑣	≤ 𝑟𝑐 𝑜,𝑔		∀𝑣, 𝑜, 𝑔, 𝑡	(9)
			𝑡	𝑢			𝑡
	∑ ∑ ∑ 𝑥 𝑦,𝑜,𝑘,𝑢 𝑛,𝑣	𝐻 𝑜,𝑘,𝑢,𝑡 𝑣	= ∑ ∑ 𝑥 𝑦,𝑘,𝑔,𝑡 𝑛,𝑣	∀𝑘, 𝑛, 𝑡, 𝑣	(10)
	𝑜	𝑢=1	𝑦=1			𝑦=1	𝑔
	𝑧 𝑜,𝑔,𝑡 𝑣	≤ 𝑟 𝑜,𝑔 𝑀	∀𝑣, 𝑜, 𝑔, 𝑡	(11)
	∑ ∑ ∑ 𝐹 𝑚,𝑝,𝑡,𝑢 𝑣	≤ 𝐹𝐹 𝑢-𝑡 . 𝑀	∀𝑡, 𝑢 ≥ 𝑡	(12)
	𝑣	𝑚	𝑝		

number of product 𝑛 that reaches 𝑝 at the time 𝑡 minus the number of product n that are sent from 𝑝 to other destination points at time 𝑡. Constraint (4) verifies vehicle equality in point 𝑜. The number of added vehicles in this point at time 𝑡 in addition to the number of vehicles that reach this point from previous points at time 𝑡 is equal to the number of vehicles that leave point 𝑜 at time 𝑡. Constraint

Table 1 : The demands of the medical centers Destination point (medical center ) In time t Demand

 1 

	N5	3	10
	N5	7	30
	N5	19	56
	N5	11	60
	N5	20	22
	N5	4	30
	N4	10	22
	N4	12	30
	N4	15	45
	N4	18	30
	N4	24	25
	N3	9	50
	N3	12	50
	N3	15	20
	N3	18	30
	N3	21	50
	N3	23	32
	N3	24	35
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roads. Currently, we assumed that demand is deterministic, so in the future works it can be considered under the uncertainty to be closer to the real world.
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