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Article Information Abstract
Accepted: The Incident Command System (ICS) requires agents who routinely deal with a large
2023/05/26 number of search and rescue tasks. In addition, responses must operate in highly

uncertain and dynamic environments where new tasks emerge and may spread across
the disaster landscape. Therefore, finding the optimal and correct allocation to

Recceived: A L g B :
complete all activities in a reasonable time is a big computational challenge.

2023/08/23

In Iran, the Incident Command System acts asistematic and lack of intelligence, and
Keywords: the presence of a correct decision-making system that has functionality and makes

correct and quick decisions is very important.

This article presents a method for solving the allocation problem, which is a
distributed constraint optimization problem. This method uses Markov decision
techniques and learning techniques such as learning automata.

Incident command | The results of simulations and experiments show that the existence of the learning
system, learning technique and the decentralized behavior of agents can replace the past methods and

automata, compensate for the lack of previous methods. The proposed method can perform 85%
distributed better than the centralized method and previous methods and is much better in terms of
constraint convergence and time.
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2 Markov Decision Process
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Algorithm 1. Distributed Incident Command System (DISC)

1.2 initialize Agents, Tasks, Actions, n=numOfActions, m = numOfTasks
1.3 initialize p=1/n for all Tasks

1.4 repeat for each iteration

15 for a; in Agents

1.6 selectAct = SelectAction(n, m, Agents, Actions, Tasks, pij )

1.7 new_p = UpdateProbability (n, m, Agents, Actions, Tasks, Pjj )

1.8 end
1.7 end
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Algorithm 2. SelectAction

Input: n, m, Agents, Actions, Tasks, p
Output: selectAct

2.1 Initialize sumP=0

22 fori =1:n

2.3 sump += p(i)

24  if (rand <= sumP)

25 selectAct =i

26 end

2.7end
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Algorithm 3. UpdateProbability (P-model)
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Input: n, m, Agents, Actions, Tasks, p

Output: new_p
3.1 assignmentTask = calculate Eq.1
3.2 if new assignmentTask better than previous assignmentTask
33 reward = 0

34 else

3.5 reward = 1

3.6 end

3.7 ifreward==0

3.8 new_p = calculate Eq.7 and Eq.8
3.9 else

3.10 new_p=p

3.11end
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Py (7+1)= py (r)+ d[1-py ()] (v)
Pa(7+1)= (1= d) Py (7) Vg g g

Py (v +1)= (1= b) py () ™)
Po(z+1)= D7 _1+(1-0)pq(7) Vg g g

Algorithm 4. UpdateProbability (P-model Individually)
Input: n, m, Agents, Actions, Tasks, p
Output: new_p

3.1 foriin Agents

3.2 effect(i) = The amount of task done by the agent(i)

3.3 if new effect(i) better than previous

34 Reward(i) =0

35 else

3.6 Reward(i) = 1

3.7 end

3.8 ifreward(i)==0

3.9 new_p = calculate Eq.7 and Eq.8
3.10 else

3.11 new_p =p

3.12 end

3.13 end
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Algorithm 5. UpdateProbability (S-model)

Input: n, m, Agents, Actions, Tasks, p
Output: new_p
3.1 assignmentTask = calculate Eq.1
3.2 if new assignmentTask better than previous assignmentTask
33 reward=0
3.4 else
35 reward=1
3.6 end
3.7 ifreward ==0
3.8 new_p = calculate Eq.9 and Eq.10
3.9 else
310 newp=p
3.1lend
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Algorithm 6. UpdateProbability (S-model Individually)
Input: n, m, Agents, Actions, Tasks, p
Output: new_p
3.1 foriin Agents
3.2 effect(i) = The amount of task done by the agent(i)
3.3 if new effect(i) better than previous

34 Reward(i) =0
35 else

3.6 Reward(i) = 1
3.7 end

3.8 ifreward(i)==0
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3.9 new_p = calculate Eq.9 and Eq.10
3.10 else

3.11 new_p=p

3.12 end

3.13end
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