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Abstract

:

When an emergency event occurs, emergency plans are usually employed to respond the emergency situations in order to prevent or mitigate possible losses of life and property. Therefore, emergency plans play an important and indispensable part in emergency decision-making. With regard to the question of how to generate emergency plans, extant studies have discussed the problem from various perspectives, and fruitful results have been obtained. Dynamic evolution is a typical feature of emergency events, and usually involves the updating of related information regarding an emergency event. Existing studies have considered dynamic evolution during the emergency plan generation process only from a single perspective, neglecting the related need to update information as dynamic evolution occurs. Information related to the emergency event plays a vital role in the emergency plan generation process, and needs to be considered. To overcome these limitations, the present study proposes a novel dynamic emergency plan generation method based on integer linear programming, which considers different emergency situations and limited resources. An illustrative example and descriptive comparisons are provided to demonstrate the novelty, superiority, and validity of the proposed method.
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1. Introduction


With the rapid development of society, more and more emergency events (EEs) have occurred in recent years, i.e., natural disasters, production accidents, fires, etc. When an EE occurs, emergency decision-making (EDM) plays an important role in mitigating various losses and negative impacts. This has drawn increasing attention and become a very important and active research field in recent years [1,2,3,4,5,6,7].



As an important part of EDM, emergency plans are usually selected according to different criteria to handle emergency situations in order to mitigate losses and negative impacts as much possible when an EE occurs. When handling emergency situations, emergency plans are the key measures and elements, and have direct influence on whether emergency situations are successfully handled or not. Therefore, due to the importance and influence of emergency plans, studies related to emergency planning have been conducted from various perspectives, such as evaluation of emergency plans [8,9,10], mathematical programming-based emergency plan formalization [11,12,13], case-based reasoning emergency plan generation [14,15,16,17], hierarchical task network-based emergency plan generation [18,19], and various features (uncertainty, incomplete information, etc.) involving consideration of EEs within emergency plan generation [18,19,20,21].



Although related research on emergency plan generation has obtained fruitful results, previous studies have largely neglected a critical feature of EEs, that is, dynamic evolution, in which relevant information, including changes in timing, emergency situations, available emergency resources, etc., is updated. Information plays a critical role in all different kinds of decision activities, particularly dynamic updating information, and generation of emergency plans is no exception; therefore, all relevant information should be considered during the emergency plan generation process. Additionally, despite emergency plans playing an indispensable role in EDM, and despite fruitful results having been obtained, there are obvious drawbacks in that plans may not flexible enough when most of them are predefined, and may not be able to handle a variety of different emergency situations because of the dynamic evolution of EEs [22,23].



To overcome these drawbacks, the dynamic features of EEs have been discussed in a number of previous studies, which have proposed situation/scenario response models to address the emergency plan generation problem [5,6,24,25,26]. However, although a few studies [24,25,26] have considered different situations regarding emergency plan generation, ref. [24] handled the dynamic features from only a single perspective, i.e., if the generated emergency plan cannot deal with the situation successfully, the plan is updated according to feedback. However, the dynamic evolution of EEs involves multiple perspectives in which the relevant information on the EE changes, such as changes in the available information about the emergency situation, available resources, professional equipment, and personnel, etc. Such dynamic information change has largely been ignored in previous studies. It is necessary to consider the updating of such information during the emergency plan generation process.



Motivated by the aforementioned drawbacks in the existing studies, this study proposes a novel dynamic emergency plan generation method that considers different emergency situations and limited available emergency resources, and updates the relevant information accordingly. Such information may include changes in time requirements, the overall emergency situation, and available resources. The proposed method is based on integer linear programming, which is easy to understand, and the computations can be performed easily and quickly. The novelty and superiority of this approach enables the proposed method to overcome and improve on the drawbacks of previous studies, and is closer to the real-world situation, which enriches the method library of emergency plan generation.



The rest of this paper is organized as follows. Related works are presented in Section 2 to highlight the novelty and necessity of this study. The proposed emergency plan generation method is provided in Section 3. To demonstrate the superiority and validity of the proposed method, an illustrative example and descriptive comparisons are presented respectively in Section 4. Section 5 presents the conclusions and future works.




2. Related Works


To illustrate the novelty and necessity of the present study, this section presents a review of previous studies on emergency plan generation. The extant studies on emergency plan generation can be roughly summarized as follows:



(1) Mathematical programming-based methods. Bish and Sherali [11] treated the emergency evacuation plan generation problem as a combinatorial optimization problem, and provided a novel framework for modeling evacuation demand that offers demand-based strategies of aggregate-level staging and routing. Pyakurel and Dhamala [12] proposed a mathematical model for a continuous dynamic contraflow approach to emergency evacuation planning. They presented algorithms with a continuous contraflow reconfiguration approach to increase the flow value for a given time horizon and decrease the evacuation time needed to trans-ship the given flow value. Wu et al. [13] proposed a multiobjective risk response model to generate Pareto-optimal risk response plans, opening up the black box of the project process; in addition, they considered the risk correlations among different subprocesses.



(2) Case-based reasoning methods. Zheng [14] proposed dynamic case retrieval with subjective preferences and objective information for emergency plan generation, and considered the personal preferences of the decision-makers and attribute changes. Zheng [15] proposed a novel case retrieval emergency plan generation method that combined similarity measurement and a data envelopment analysis model. Zheng [16] proposed dynamic case-based reasoning group decision-making for emergency plan generation, with the ability to adjust the generated emergency plans based on changing emergency situations. Zhang [17] developed a heterogeneous multi-attribute case retrieval method for emergency plan generation considering five information types: crisp numbers, interval numbers, intuitionistic fuzzy numbers, single-valued neutrosophic numbers, and interval-valued neutrosophic numbers. Yu et al. [27] proposed a new case adaptation algorithm to accelerate the adaptation process, which was able to generate emergency plans more efficiently.



(3) Hierarchical task network-based methods. Liu et al. [18] proposed a conditional hierarchical task network-based method, including a temporal reasoning technique suitable for conditional HTN planning to achieve concurrency and a temporal management approach to generate emergency plans. Qi et al. [19] proposed a hierarchical task network method to deal with multi-capacity discrete resources and complex temporal constraints simultaneously during emergency plan generation.



(4) Process-based related methods. Le et al. [28] simulated and analyzed different tsunami emergency plans based on a process modelling approach while considering the textual plan in order to represent emergency plans in a more formal way. Zhao et al. [29] applied process mining techniques to improve emergency planning for chemical spills, and considered a fuzzy mining algorithm to reconstruct the drill process for analysing workflows. Guo et al. [30] proposed a novel text similarity measure from the perspective of process description; they considered process-related semantic features, including the extraction of response levels, task statements, departments and roles.



Except for the aforementioned aspects, other related topics have been discussed as well, for example, consideration of different situations [24,25,26] and different features, including uncertain information, incomplete information, and dynamic evolution [19,20,21].



Although existing emergency plan generation studies have discussed related topics from different aspects and obtained fruitful results, most neglect an important practical issue, that is, that in real-world situations the available resources are always limited. Additionally, dynamic features should be afforded much attention during the process of emergency plan generation in order to handle EEs in a timely and efficient manner. Taking into account the limitations of previous studies, our study focuses on emergency plan generation while taking into consideration different situations and limited resources. The novelty of our study is that it fills this research gap and enriches the literature on emergency plan generation.




3. Proposed Method


This section presents a dynamic emergency plan generation method that considers different situations and limited resources, in which the dynamic features described include changes in time, information on the emergency situation, and available resources. The general framework of the proposed method is illustrated in Figure 1.



Following Figure 1, and in order to demonstrate the proposed method clearly and logically, the problem definition is presented below.



3.1. Problem Definition


First, we define the notation used to describe the proposed method.



	
   T = {  t 1  ,  t 2  , … ,  t r  , … }  : the set of discrete different moments (possibly infinite), where   t r   indicates the r-th moment and r is an integer, i.e.,   r = 1 , 2 , 3 , …  .



	
   S = {  s 1 r  ,  s 2 r  , … ,  s J r  }  : the set of possible situations at moment   t r  , where   s j r   indicates the j-th possible situation at moment   t r   and   j = 1 , 2 , … , J  .



	
   A = {  A  j 1  r  ,  A  j 2  r  , … ,  A  j K  r  }  : the set of generated emergency plans, where   A  j k  r   indicates the k-th generated emergency plan regarding the j-th possible situation at moment   t r  ,   j = 1 , 2 , … , J  , and   k = 1 , 2 , … , K  .



	
   R = {  R 1 r  ,  R 2 r  , … ,  R I r  }  : the set of available resources at moment   t r  , where   R i r   indicates the i-th available amount of resources and   i = 1 , 2 , … , I  .



	
   d = {  d  k 1  r  ,  d  k 2  r  , … ,  d  k I  r  }  : the set of estimated resources required, where   d  k i  r   indicates the estimated minimum amount of the i-th resource required by emergency plan   A  j k  r   regarding the j-th possible situation at moment   t r  ; here,   d ∈ R   and   i = 1 , 2 , … , I  .



	
   x = {  x  k 1  r  ,  x  k 2  r  , … ,  x  k I  r  }  : the set of resources allocated to emergency plan   A  j k  r  , where   x  k i  r   indicates the amount of the i-th resource allocated to emergency plan   A  j k  r  ,   x ∈ R  ,   i = 1 , 2 , … , I  , and   k = 1 , 2 , … , K  .







3.2. Emergency Plan Generation Method


The proposed method conducts emergency plan generation from multiple novel perspectives, considering a real-world situation in which the available emergency resources are limited and the relevant information regarding the emergency situation changes over time. The principle of the proposed emergency plan generation method is illustrated in Figure 2.



According to Figure 2, suppose that an emergency event breaks out at moment   t r  , there are J possible emergency situations, and there are I kinds of available emergency resources   R I r   at moment   t r  . Regarding the j-th possible emergency situation   s j r   at moment   t r  , corresponding emergency plans   A  j k  r   are generated based on the integer linear programming method.



In a real-world situation, the generated emergency plans   A  j k  r   regarding emergency situation   s j r   at moment   t r   is composed of several kinds of emergency resources, as shown in Table 1.



Table 1 provides several explanations:   s j r   denotes the j-th possible situation at moment   t r  ,   A  j k  r   indicates the k-th generated emergency plan regarding the j-th possible situation at moment   t r  ,   R i r   indicates the amount of the i-th available resource at moment   t r  , and   x  k i  r   indicates the amount of the i-th resource allocated to emergency plan   A  j k  r   that can be obtained based on Equation (1):


        M i n  ∑  (  d  k i  r  −  x  k i  r  )           s . t .        ∑  k = 1  K    x  k i  r  ≤  R i r   , i = 1 , 2 , … , I           x  k i  r  ≤  d  k i  r  ,  k = 1 , 2 , … , K           x  k i  r  ≥ 0 ,  x  k i  r  ∈  Z +              



(1)




where   Z +   is the set of positive integers and   x  k i  r   are the variables that indicate the number of emergency resources allocated to the generated emergency plan   A  j k  r  . On this basis, emergency plans are generated to handle to the emergency situation at moment   t r  .



The principle of the emergency plan generation method is as follows:



Step 1: Possible emergency situations   s j r   at moment   t r   are predicted based on the breakout of an emergency event at moment   t r  .



Step 2: Based on the potential possible emergency situation   s j r  , the required minimum amounts of different resources   d  k i  r   for the corresponding emergency plans   A  j k  r   are estimated.



Step 3: The different available resources   R i r   are collected at moment   t r  , and are updating according to the dynamic evolution of the EE. For greater simplicity, the proposed method does not consider the process of collecting the available resources or the proximity of each rescue point.



Step 4: According to the required minimum amount of different resources   d  k i  r   for each emergency plan and the available resources,   R i r   at moment   t r  , the amounts of different resources allocated to each emergency plan can be obtained based on Equation (1) and then the corresponding emergency plans at moment   t r   can be generated.



The emergency plans are generated according to the corresponding changes in the situation and updates to the available resources, ensuring that the generated emergency plans are suitable for real-world emergency situations while being reasonable and effective. If the emergency situation is undergoing dynamic evolution at moment   t r  , then the related information and available emergency resources are being updated at the same time; therefore, new emergency plans need to be generated based on the updated information at moment   t  r + 1   .





4. Illustrative Example and Descriptive Comparisons


In this section, an illustrative example and descriptive comparisons are presented to demonstrate the novelty, superiority, and advantages of the proposed method.



4.1. Illustrative Example


In this example, a major explosion [4] in a container storage station at the Port of Tianjin (http://www.safehoo.com/Case/Case/Blow/201602/428723.shtml (accessed on 11 February 2023)) containing hazardous and flammable chemicals, including sodium nitrate, calcium carbide, and ammonium nitrate, among others, is employed to demonstrate the feasibility and validity of the proposed method.



Chemical explosions have many remarkable features, with dynamic evolution being a typical one. During the evolution of the explosion, different situations might occur that should be handled scientifically and properly by corresponding emergency plans.



According to this background, two moments (   t 1  ,  t 2   ) are employed to demonstrate the application of the proposed emergency plan generation method. An example of the proposed emergency plan generation method for these two moments is shown in Figure 3 and presented below.



4.1.1. Moment   t 1  


Step 1: Suppose that the explosion breaks out at moment   t 1  , the local government immediately receives the alarm informing it of the explosion, and the relevant government departments (i.e., fire department, traffic management department, hygiene department, etc.) organize to collaborate and handle the emergency situation.



Regarding the explosion at moment   t 1  , we assume that three possible emergency situations   S = {  s 1 r  ,  s 2 r  ,  s 3 r  }   might occur according to experts’ estimation, as shown in Table 2.



Step 2: According to the possible emergency situations presented in Table 2, the minimum amounts of needed resources regarding the different emergency plans are generated as presented in Table 3.



Table 3 shows the corresponding emergency plans (  A 11 1  ,   A 21 1  ,   A 31 1  ) generated regarding the three possible situations (  s 1 1  ,   s 2 1  ,   s 3 1  ) along with the estimated minimum amount of resources   d  k i  1   needed for each plan.



Step 3: Considering the features of chemical explosions, namely, inflammability, explosibility, diffusivity, and chain reaction, the available emergency resources at moment   t 1   are: carbon dioxide fire trucks (  R 1 1  ), foam fire trucks (  R 2 1  ), high-expansion foam fire trucks (  R 3 1  ), high-pressure water tank fire trucks (  R 4 1  ), low-pressure water tank fire trucks (  R 5 1  ), and ambulances (  R 6 1  ). The amounts of these resources are shown in Table 4.



Step 4: Based on Table 3 and Table 4, the resources allocated to each emergency plan can be obtained based on Equation (1); the generated emergency plans with the allocated resources are presented in Table 5.



Based on Table 5, it can be seen that the emergency plans have been generated to handle the emergency situations at moment   t 1  . The decision-maker selects a specific plan in order to deal with the corresponding situation; this study does not consider how the decision-maker selects the most reasonable plan for handling a given situation.




4.1.2. Moment   t 2  


As the emergency situation evolves, the situation changes from that at moment   t 1  ; at the same time, the availability of emergency resources is updated. Consequently, the generated emergency plans need to be updated according to the changes in the situation and availability of resources.



Step 1: Suppose that a possible emergency situations at moment   t 2   occurs, as shown in Table 6.



Step 2: Based on Table 6, the minimum amounts of the needed resources for the different generated emergency plans are presented in Table 7.



Step 3: Based on Table 6, the available emergency resources at moment   t 2   are as follows: foam fire trucks (  R 1 2  ), high-expansion foam fire trucks (  R 2 2  ), high-pressure water tank fire trucks (  R 3 2  ), fire tanks (  R 4 2  ), fire helicopters (  R 5 2  ), professional chemical defense vehicles and equipment (  R 6 2  ), drones (  R 7 2  ), and ambulances (  R 8 2  ). The required amounts of these resources are presented in Table 8.



Step 4: According to Table 7 and Table 8, the resources allocated to each emergency plan can be calculated based on Equation (1). The generated emergency plans with their allocated resources at moment   t 2   are presented in Table 9.



Note that various resources are employed to handle emergency situations in the real world, such as manpower, sandy soil, protective suits, protective respiratory equipment, the proximity of each rescue point, and more. For greater simplicity, only two moments (   t 1  ,  t 2   ) and a limited number of different resources are considered in the illustrative example to demonstrate the application of the proposed method.



To simplify and illustrate the feasibility of the proposed method, this example supposes that all available resources are ready to be scheduled and allocated. In a practical scenario, the problem of emergency plan generation is complex, and many aspects need to be considered, i.e., collaboration among different government departments, the execution of resource scheduling, etc. Therefore, the application of the proposed method in real-world situations should be conducted according to the specific problems.





4.2. Descriptive Comparisons and Contributions


Motivated by the drawbacks in the extant literature, the present study proposes a novel dynamic emergency plan generation method based on integer linear programming. The proposed method simultaneously considers different situations and resources limitations during the emergency plan generation process, thereby filling a research gap and enriching the previous studies on emergency plan generation. To the best of our knowledge, the proposed method is the first to consider both different situations and limited resources; thus, it would be unfair to conduct computational comparisons with prior studies. Although a descriptive comparison cannot reflect the differences directly, as the computation process can, it can obtain results through comprehensive analysis [31]. Therefore, a descriptive comparison is provided to highlight the features of the proposed method, and is presented in Table 10.



Table 10 clearly shows the differences between the existing studies and our proposed method. Several previous studies have discussed emergency plan generation in terms of several different aspects, i.e., different situations [16,24,25,26] and limited resources [19], while others have considered neither [11,12,13]. The proposed method simultaneously considers both different situations and limited resources, highlighting the novelty, superiority, and advantages of the proposed method in emergency plan generation.



Based on the aforementioned analysis regarding emergency plan generation, the contributions of the proposed method can be summarized as follows:



(1) The proposed method provides a novel perspective by considering both different situations and limited emergency resources during the emergency plan generation process, thereby overcoming the limitations of existing studies and bringing the proposed method closer to real-world situations. This is the most prominent contribution of the proposed method.



(2) The proposed method uses integer linear programming to allocate resources when generating emergency plans, which is both easy to understand and simple and fast to compute. This approach allows complex practical problems to be solved easily and efficiently. The proposed method provides a reference for following related studies, and enriches the method library of emergency plan generation.



As each coin has two sides, in addition to the summarized contributions, the proposed method has limitations in its current version. For one, it does not consider responsibility and collaboration among different government departments during the emergency plan generation process. This issue is very important to the emergency plan generation process in real-world situations, particularly when resources must be drawn from different sources. Although this is a major limitation of the present study, it provides an important possible direction for future studies.





5. Conclusions and Future Works


Emergency plans play an indispensable and important role in emergency management; they are used to prevent or mitigate the losses and negative impacts caused by EEs. In light of the importance of emergency plans, this field has drawn considerable attention and become a very active research topic in recent years. Previous studies have discussed emergency plan generation from various perspectives and obtained fruitful results. However, even though the dynamic evolution of EEs and updating of relevant information are critical elements in the emergency plan generation process and should be carefully considered, the existing emergency plan generation literature has neglected them. In order to overcome this drawback, the present study proposes an emergency plan generation method that considers the dynamic evolution of EEs and related information during the emergency plan generation process, including changes in time, the emergency situation, resource limitations, and more. The proposed method is based on integer linear programming, which is easy to understand and can be computed simply and quickly. We have provided an illustrative example and related descriptive comparison to demonstrate the novelty, superiority, and advantages of the proposed method. It is hoped that the proposed emergency plan generation method will have potential applications in practical emergency management.



In future work, interesting and promising research directions include the following: (1) development of an emergency plan generation support system, in which possible emergency situations and related information, including available resources, needed available resources, etc., at different moments   t r   are input into the system to allow corresponding emergency plans to be generated automatically and quickly, and (2) consideration of responsibility and collaboration among different government departments, which is an important and inevitable issue in real-world situations and yet to be fully addressed.
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Figure 1. The general framework of the proposed method. 
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Figure 2. Principle of the proposed emergency plan generation method. 
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Figure 3. Example of the proposed emergency plan generation method. 
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Table 1. Possible emergency situations, available resources, and related generated emergency plans at   t r   moment.






Table 1. Possible emergency situations, available resources, and related generated emergency plans at   t r   moment.





	
Situations

	
Plans

	
Resources




	
   R 1 r   

	
   R 2 r   

	
⋯

	
   R I r   






	
   s j r   

	
   A  j 1  r   

	
   x 11 r   

	
   x 12 r   

	
⋯

	
   x  1 I  r   




	
   A  j 2  r   

	
   x 21 r   

	
   x 22 r   

	
⋯

	
   x  2 I  r   




	
⋯

	
⋯

	
⋯

	
⋯

	
⋯




	
   A  j K  r   

	
   x  K 1  r   

	
   x  K 2  r   

	
⋯

	
   x  K I  r   
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Table 2. Possible emergency situations at moment   t 1  .






Table 2. Possible emergency situations at moment   t 1  .





	Situations
	Description





	   s 1 1   
	The local area of the independent container storage station catches fire



	   s 2 1   
	Half the area of the independent container storage station catches fire



	   s 3 1   
	The entire area of the independent container storage station catches fire
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Table 3. Estimation of needed minimum amount of resources for emergency plans at moment   t 1  .






Table 3. Estimation of needed minimum amount of resources for emergency plans at moment   t 1  .





	
Situations

	
Plans

	
Needed Minimum Amount of Resources




	
   d  k 1  1   

	
   d  k 2  1   

	
   d  k 3  1   

	
   d  k 4  1   

	
   d  k 5  1   

	
   d  k 6  1   






	
   s 1 1   

	
   A 11 1   

	
3

	
10

	
5

	
5

	
10

	
5




	
   s 2 1   

	
   A 21 1   

	
10

	
20

	
10

	
15

	
20

	
10




	
   s 3 1   

	
   A 31 1   

	
20

	
50

	
30

	
20

	
30

	
20
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Table 4. Amounts of available emergency resources at moment   t 1  .






Table 4. Amounts of available emergency resources at moment   t 1  .





	
Moment

	
Amounts of Available Resources




	
   R 1 1   

	
   R 2 1   

	
   R 3 1   

	
   R 4 1   

	
   R 5 1   

	
   R 6 1   






	
   t 1   

	
30

	
50

	
40

	
90

	
150

	
30
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Table 5. Generated emergency plans at moment   t 1  .






Table 5. Generated emergency plans at moment   t 1  .





	
Situations

	
Plans

	
Allocated Amounts of Resources to Each Plan




	
   x  k 1  1   

	
   x  k 2  1   

	
   x  k 3  1   

	
   x  k 4  1   

	
   x  k 5  1   

	
   x  k 6  1   






	
   s 1 1   

	
   A 11 1   

	
3

	
10

	
5

	
5

	
10

	
5




	
   s 2 1   

	
   A 21 1   

	
10

	
20

	
10

	
15

	
20

	
10




	
   s 3 1   

	
   A 31 1   

	
17

	
20

	
25

	
20

	
30

	
15
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Table 6. Possible emergency situations at   t 2   moment.






Table 6. Possible emergency situations at   t 2   moment.





	Situations
	Description





	   s 1 2   
	The neighboring areas of the independent container storage station catch fire



	   s 2 2   
	Half the area of the whole container storage station catches fire



	   s 3 2   
	Two-thirds of the area of the whole container storage station catches fire
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Table 7. Estimated minimum resources required for emergency plans at moment   t 2  .






Table 7. Estimated minimum resources required for emergency plans at moment   t 2  .





	
Situations

	
Plans

	
Needed Minimum Amount of Resources




	
   d  k 1  2   

	
   d  k 2  2   

	
   d  k 3  2   

	
   d  k 4  2   

	
   d  k 5  2   

	
   d  k 6  2   

	
   d  k 7  2   

	
   d  k 8  2   






	
   s 1 2   

	
   A 11 2   

	
40

	
60

	
100

	
5

	
2

	
10

	
2

	
80




	
   s 2 2   

	
   A 21 2   

	
100

	
130

	
200

	
10

	
3

	
20

	
4

	
130




	
   s 3 2   

	
   A 31 2   

	
150

	
200

	
300

	
30

	
5

	
30

	
6

	
200
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Table 8. Available emergency resources at moment   t 2  .






Table 8. Available emergency resources at moment   t 2  .





	
Moment

	
Amounts of Available Resources




	
   R 1 2   

	
   R 2 2   

	
   R 3 2   

	
   R 4 2   

	
   R 5 2   

	
   R 6 2   

	
   R 7 2   

	
   R 8 2   






	
   t 2   

	
200

	
250

	
400

	
50

	
10

	
50

	
10

	
400
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Table 9. Generated emergency plans at moment   t 2  .






Table 9. Generated emergency plans at moment   t 2  .





	
Situations

	
Plans

	
Allocated Amounts of Resources to Each Plan




	
   x  k 1  2   

	
   x  k 2  2   

	
   x  k 3  2   

	
   x  k 4  2   

	
   x  k 5  2   

	
   x  k 6  2   

	
   x  k 7  2   

	
   x  k 8  2   






	
   s 1 2   

	
   A 11 2   

	
40

	
60

	
100

	
5

	
2

	
10

	
2

	
80




	
   s 2 2   

	
   A 21 2   

	
100

	
130

	
200

	
10

	
3

	
20

	
4

	
130




	
   s 3 2   

	
   A 31 2   

	
60

	
60

	
100

	
30

	
5

	
20

	
4

	
190
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Table 10. Descriptive comparison with existing studies.






Table 10. Descriptive comparison with existing studies.





	Literature
	Method/Model
	Different Situations Considered
	Limited Resources Considered





	literature [11,12,13]
	Mathematical programming-based method
	No
	No



	literature [16]
	Case-based reasoning method
	Yes
	No



	literature [19]
	Hierarchical task network-based method
	No
	Yes



	literature [24,25,26]
	Scenario-based method
	Yes
	No



	Our proposal
	Integer linear programming
	Yes
	Yes
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