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Abstract

Aiming at the present situation of lacking of scientific and reasonable schemes in farm
machinery emergency scheduling and allocating, farm machinery emergency scheduling
and allocating mode leading by management department is proposed and the optimization
model with the goal of cost as low as possible and completing emergency tasks within the
prescribed period is established in the paper. According to the characteristics of farm
machinery emergency scheduling and allocating, the scheduling and allocating algorithm
with priority rules and the scheduling and allocating algorithm based on the
non-cooperative game theory are proposed. Compared with two algorithms, the
scheduling cost and the allocating amounts calculated by the algorithm based on the
non-cooperative game theory are less than that of the algorithm with priority rules. It is
concluded that the scheduling and allocating algorithm based on the non-cooperative
game theory in the paper is more effective and reasonable.
Keywords: Emergency Scheduling and Allocating, Dynamic Priority Rules, Scheduling
Cost, Allocating Strategies

1. Introduction
Reasonable scheduling and allocating strategies play a very important role in the
successful completion of emergency reaping or planting tasks. When the emergency tasks
are cleared, the recent farm machinery are scheduled and allocated. However, there are
some problems in the farm machinery emergency service. Firstly, the agricultural
management allocates the farm machinery by artificially or empirically. It often happened
that farm machinery crowds in some regions and there is not enough machinery to
complete the harvest in other regions. So it can’t guarantee the entire allocating plan
reasonable. Secondly, farm machinery from one of owners usually can’t complete an
emergency service task, farm machinery should be scheduled from more than one owners.
Thirdly, the characteristics of emergency scheduling and allocating is urgent, if there is no
reasonable allocating plan, the cost will be increased. Therefore, farm machinery
scheduling and allocating strategies are needed in this situation [1-2]. The research of farm
machinery scheduling and allocating problem has important practical and theoretical
significance.
Multi-machine scheduling problem with the concept of evolutionary game and Nash
equilibrium are studied in the paper [3]. The work pieces are considered as the game
players, the machines are considered as the strategy set. The game Nash equilibrium
solution is be calculated by the payment matrix, which is obtained through choosing the
different machines to construct the work piece operation. The task scheduling algorithm
[4]
based on Nash equilibrium is studied in this paper . Considering the performance of the
resource and network, each scheduling node is considered as a game player and how to
maximize the average task completion time is as the target. The Nash equilibrium is a
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hybrid strategy for each scheduling node. The superiority of the proposed scheduling
algorithm is verified through simulation. The emergency resource scheduling model and
algorithm based on non-cooperative game are proposed from the point of view of multi
disaster point in the paper [5]. The various disaster points are mapped into the game model
and the possible resource scheduling scheme is mapped to the strategy set. The reciprocal
of the resource scheduling cost is a utility function and the emergency resource
scheduling problem is transformed into the Nash of the non-cooperative game scheduling
model in this scheduling model. Then, an iterative algorithm for solving the Nash
equilibrium solution is presented. Finally, the validity and feasibility of the model are
verified by simulation test. The grid resource allocation strategy based on sequential game
theory is proposed in the paper [6]. The problem of multiple users competing with the
same computing resource is converted into the problem of multi-users sequential game.
The strategy is to predict the resource load by using the Nash equilibrium solution of each
stage game in the sequential game theory. Then the load information is made to generate
the optimal bid price for all the users and resources. The problem of allocating the
bandwidth of wireless network is constructed to a non -cooperative game system by the
formula [7]. The simulation results show that the wireless resource allocation mechanism
based on the non-cooperative game theory can effectively solve the problem of the
allocation of the bandwidth and the number of connections, and can guarantee the
rationality and fairness of the allocation. The game theory is applied to the research of
network resource allocation in this paper. the method of real-time queue management
based on game theory the method of real-time queue management based on game theory
and the equilibrium routing algorithm based on non-cooperative game theory is proposed
and simulation results of the algorithm is verified effectively. [8] The single machine
scheduling of non-cooperative game model is given and the existence of Nash equilibrium
[9]
solution is discussed in the paper . Considering that different work pieces with different
optimization objectives, a relaxation iterative algorithm for solving the Nash equilibrium
solution with multi-objective multi-users are designed. The experimental results show that
the scheduling results well balance the interests of all players. The game scheduling
problem is a typical resource allocation and competition problem with the constrained and
optimized index requirements. Because of the scarcity of resources, the individual
interests of participating in the distribution of resources may be inconsistent. Therefore
conflicts are existed in the scheduling problem. Game theory can be a good method to
analyze the scheduling problem [10-17].
In order to solve the existed emergency scheduling and allocating problems, a scientific
and rational allocating scheme is proposed in the paper. Farm machinery emergency
scheduling and allocating models are established with the goal of low scheduling cost.

2. Problem Statement and Preliminaries
When emergency tasks are cleared, farm machinery management department collect
the information about emergency farmland position, emergency response time, farm
machinery service capability and so on. Grasping the information of farmland and farm
machinery timely and accurately plays a very important role for analysis of emergency
scheduling and allocating strategies. The targets of emergency scheduling and allocating
are that completing the emergency tasks within the prescribed period and the scheduling
and allocating cost being as low as possible under the competition of the emergency task
points for farm machinery.
To facilitate the description of the problem, the farmland is called as tasks and the
farm machinery is called as resources in the paper. The emergency scheduling and
allocating problem with many impact factors is complex. The related variables are
described and several concepts are explained in the following, in order to deeply study the
problem.
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Mi means the resource point i, and i=1,2,…m.
Sj means the area of the emergency task j, j=1,2,…n.
tij means the scheduling time from i to j.
sti is the response time of farm machinery point i.
atij is the arrival time from i to j.
Tj is the completion time of farmland j.
r means service capability of unit time.
d is the cost for unit of scheduling time.
Wij is the traffic condition from i to j.
Vij is average speed from i to j in the ideal condition.
nij is the amount of farm machinery scheduled from i to j,nij >=0.
Tdeadline means the prescribed time of emergency scheduling and allocating.
The information of the resources mainly includes the location of the resources,
amounts of the resources, the response time of resources and the operational capability of
every resource.
The response time means the time that resources begin to participate in the emergency
tasks. The farm machinery scheduling and allocating time consists of two parts in the
paper. One is the transiting time of farm machinery. The other is the time that farm
machinery serves for farmland. So the completion time is equal to the response time and
transportation time and service time.
Transportation time means the time transporting from the location of resources to the
location of the emergency tasks or other resources. It relates to the distance and farm
machinery transport average speed. The average speed is related to road condition. Wij
means the traffic conditions from i to j, with which a number between [0, 1] to represent.
'
The larger Wij is, the better road traffic condition is. Vij means actual transporting
speed from i to j , it can be defined as:

Vij'  Vij  Wij

(1)

So the scheduling and allocating time from i to j can be defined as:
t ij 

Dij

(2)

Vij'

With the goal of the emergency scheduling and allocating and the above analysis, the
model is established as follows.
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From the constraint condition (4) can see, the completion time of task j should be no
later than Tdeadline. The constraint condition (5) shows that the transportation time from i to
j is related to road and weather condition. The constraint condition (6) shows that the
arrival time from i to j equals the sum of the response time sti of i and the transportation
time from i to j. From the constraint condition (7) can see, the arrival time that from i to j
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should be no later than Tdeadline. The constraint condition (8) means the total completion
areas equals the areas of all the tasks.
From the above discussion can see, when the emergency events occurs, the suitable
allocating strategies of farm machinery are very important for each farmland to complete
the emergency task as soon as possible. When more than one farmland needs the service
of farm machinery at the same time, farm machinery should be scheduled and allocated in
the certain order. The scheduling and allocating order will be studied in the paper. The
sooner the emergency completion time is, the better is in the general emergency
scheduling and allocating. All the farmland is expected to be complete before the deadline
time.

3. Emergency Scheduling and Allocating Algorithm based on
Priority Rules
The emergency scheduling and allocating is a complex decision problem, which mainly
include two aspects of the decision-making. The first one is to make decision how to
choose the emergency task. The second one is to make decision how to schedule and
allocate for every emergency task. The emergency scheduling and allocating algorithm
based on priority rules is proposed in the paper. The emergency scheduling and allocating
schemes of every task with low-cost are obtained firstly, and the schemes with conflict are
adjusted based on priority until all the tasks are allocated before the deadline. The steps of
the emergency scheduling and allocating are divided into the following parts.
Summarized information of tasks and resources. The amounts of the emergency
resources should be approximately calculated when the emergency events have occurred.
If the total number of existing agricultural resources is less than the needed amount of
tasks, it is shortage of resources. Therefore, the agricultural resources should be added
until the available resources are not less than the sum of the demand so far.
Independent optimal solution. The emergency scheduling and allocating target is to
complete the farmland tasks within the deadline time and the emergency scheduling and
allocating costs as small as possible. The more the amount of resources are, the greater the
scheduling and allocating costs are. The longer the distance of scheduling and allocating
are, the greater the costs are. Therefore, the minimum distribution and recently priority
allocating strategies are proposed to obtain the independent optimal scheme is the
temporal distance matrix, which is among every task and every resource. T=(tij)i×j , tij is
the scheduling time from i to j. If sti+tij≥Tdeadline,it means the resource i can’t finish the
task j.
1. Minimum distribution rule. The farmland will be assigned the minimum amounts of
farm machinery that can complete the task within the deadline time.
2. Recently priority in the allocating rule. The nearest farm machinery will be first to
allocate for the farmland until the completion of the task of this farmland.
Different resources may have different emergency response time. So the emergency
response time will be unified for the following research. Tcurrent is the current time,
i
Tdeadline is the deadline time. Tresponse
is the response time of the task i. tij is transferring
i
time from i to j. the period time of (Tresponse
- Tcurrent ) is as a part of the transferring time,

i
so the transferring time from i to j is equal to t ij  (Tresponse
- Tcurrent ) . Meanwhile, the

scheduling cost from i to j will be increased. The treatment is more reasonable in the real
situation. If the resource i is near to the task j, but the response time of i is later than that
of other’s, so the resource i is not the best choice for solving the independent optimal
scheme.
Tasks sorting based on priority. How to obtain a reasonable scheduling and
allocating scheme for the farmland is a complex issue when the emergency events
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happened. The emergency order is decided by the priority of the tasks, the higher the
priority, the earlier the task is be scheduled and allocated. The priority of the tasks is
studied in the following.
The priority of tasks is considered at the aspects of important grade and the minimum
demand amounts. The important grade of tasks is mainly from the evaluation of the farm
machinery management department. The department will classify the tasks for different
grades. The higher grade of tasks will have a high priority to schedule and allocate.
The target of emergency scheduling and allocating is that the completing time of all the
emergency tasks is as short as possible. So the minimum requirement of every task is
analyzed per unit time in the paper, which is denoted as Nminj.
m

N min

j

n

i
ij (Tdeadline  Tresponse)

i 1

min
Tdeadline - Tresponse

(9)

Nminj is the minimum requirement of the task j. nij is the number of resources i allocated
for the task j.
i
min
Tresponse
is the response start time of the resource i. Tresponseis the earliest response time
of the task j .
2

EPj   i  i

(10)

i 1

EPj is the priority of the task j.  i is the evaluation value of ith influence factors.  i

is the weights of ith influence factors.  1 is the evaluation value of importance of tasks,

 2 is the evaluation value of the minimum requirement of every task in unit time.  i is

obtained by fuzzy analytic hierarchy process.
Conflict detection and treatment. There may be conflicts among the independent
optimal schemes. If there is conflict, the resources which are unallocated will be
reassigned for the task.
According to the above analysis, two steps of emergency scheduling and allocating
based on Priority Rules. Firstly, the steps of the independent optimal scheme of every task
are designed in this paper.
Step 1 Initialization
Step 1.1 Create queue Q, pre-allocating table PT.
Step 1.2 Sort the tasks according to the scheduling and allocating costs from low to
high, and save in Q.
Step 1.3 k=1.
Step 2 If Q is null ,turn to Step 5.
Step3 Remove kth resource from Q, nk is the allowable number of resource k. If
k
rnk (Tdeadline  Tresponse
)  S j ,then turn to Step5.
k
Step 4 S j  S j - rnk (Tdeadline  Tresponse) , save the allocating scheme in PT,k++, turn to

Step 3.
Step5 Quit.
Secondly, the emergency scheduling and allocating algorithm based on priority is
designed after the independent optimal scheme is calculated. The steps are as follows.
Step1. Initialization.
Step 1.1 Create tasks pre-allocating table PT, tasks queue Q, idle resource queue FQ.

Copyright ⓒ 2016 SERSC

93

International Journal of Grid and Distributed Computing
Vol. 9, No. 5 (2016)

Step 1.2 Calculate the optimal emergency scheduling and allocating scheme of each
task.
Step 1.3 Sort the tasks based on priority.
Step 1.4 s=1.
Step 2. If Q is null, turn to Step5.
Step 3. Remove sth resource from Q, if no conflict in the allocating scheme of sth
resource, s++, turn to Step2.
Step 4. Allocate resources for sth task. The location of the resources is nearest to sth
task’s and the amount of them can meet the minimal demand, s++,turn to Step2.
Step5. Exit.

4. Emergency Scheduling and Allocating Algorithm based on the
Non-Cooperative Game Theory
The demand of each farmland for farm machinery is in conflict in farm machinery
emergency scheduling. In order to reconcile these conflicts, the contradiction, which is
among the competition of farmland for farm machinery, should be resolved. Game theory
is the subject that research on resolving and reconciling the conflicts. According to game
theory, the decision makers is as an outsider, the various farmland operations points are as
the players, and the value of farmland operations points in a scheme is as payment of
players in one condition. Therefore, farm machinery scheduling and allocating schemes is
the game theory strategy. Once the target condition is determined, the strategy sets also
will be determined. Meanwhile corresponding payment will be produced. The solutions of
game, which are corresponding to decision problem of farmland operational points, are
obtained by game selection. Decision makers need to select satisfactory solution from
solutions of game based on their preferences and utility. Farm machinery emergency
scheduling problem is linked to game theory together theoretically.
(1) The basic information of farm machinery and emergency farmland are summarized
and emergency farm machinery is sorted by response time. The total amounts of the
farm machinery that needed by every farmland are calculated and compared with the
total number of farm machinery that can be available by the emergency point. If the
total demand amounts are greater than the total supplied, the next emergency
agricultural point should be added, until the total demand amounts is no more than the
total supplied amounts.
(2) Independent optimal scheme of every agricultural operations are solved by allocating
strategies of the minimum requirements and the recent priority rules.
(3) Judging if the conflict is among each emergency agricultural points by the order of
responses time. If the farm machinery of the emergency points can meet the
distribution results, then farm machinery is scheduled and allocated by
(4) The multi-point emergency deployment of agricultural operations game model is
established and the Nash equilibrium should be solved, then the agricultural
operational points will be scheduled and allocated by the Nash equilibrium.
(5) If the emergency tasks of agricultural points don’t complete by Nash equilibrium,
then the recent farm machinery will be allocated until the tasks of these agricultural
operational points can be completed.
According to the above analysis, four solving steps of emergency scheduling and
allocating based on the non-cooperative game theory, are as follows.
Step1. The initialization of agricultural pre-allocation process

94

Copyright ⓒ 2016 SERSC

International Journal of Grid and Distributed Computing
Vol. 9, No. 5 (2016)

Step 1.1 Sort the farm machinery for every farmland according to the scheduling and
allocating costs from low to high.
Step 1.2 calculate the allocating scheme of every farmland operational points by the
minimum requirements, and save the schemes in the N×M Array allocationMetrix.
Step 1.3 calculate the allocating amounts of every farmland operational points and
save in the Array conflictResource,check if there is conflict in the pre-allocation scheme
of the farm machinery j. If conflictResource[j]>Kj, (Kj is the supplied amount of farm
machinery j),then there is conflict and turn to Step2. Otherwise exit.
Step2. Generate strategies.
Step 2.1 If conflictResource[j]>Kj,then conflictCount[j]=conflictResource[j] - Kj.
Otherwise, conflictCount[j]=0.
Step 2.2 If allocationMatrix[i][j]>0,
Step 2.2.1 If conflictCount[j]>allocationMatrix[i][j],the strategies amount of
farmland i strategyCount[i]= allocationMatrix[i][j]+1,otherwise
strategyCount[i]=conflictCount[j]+1.
Step 2.2.2 If strategyCount[i]>1,calculate the cost of every strategy,
strategyArray[i]={0,1,2,…,strategyCount[i]-1},strategyCost[i]={0×Cost[j],1×
Cost[j],…,(strategyCount[i]-1)× Cost[j]}.
Step 2.3 The strategy array of every task is generated and then turn to Step3.
Step3. Calculate of payment matrix.
Step 3.1Calculate the total strategy combination amounts of tasks except task i,
which is denoted as NumCols[i]. NumCols[i]=strategyCount[1]×strategyCount[2]×…×
strategyCount[i-1]×strategyCount[i+1]×…×strategyCount[N].
Step 3.2 Create Array Payoff[i] with strategyCount[i]×NumCols[i],which is
payment matrix of farmland i.
Step 3.3 Calculate the profit of every strategy combination and save in
returnArray[NumCols[i]].
Step 3.4 Calculate the value of Payoff[i] and turn to Step4.
Step4. Get the solution of Nash equilibrium.
Nash equilibrium is NP problem, Gambit is software and tool which can build and
analyze finite extensive non-cooperative game strategy, the agricultural emergency
allocation problem is a finite non-cooperative game problem.

5. Experiments and Analysis
To verify the effective of the two kinds of emergency scheduling and allocating
algorithms proposed in the paper, the instances of farmland and farm machinery are
produced randomly. Emergency Scheduling and Allocating Algorithm based on Priority
Rules is denoted as ALG1. Scheduling and Allocating Algorithm Based on the
Non-Cooperative Game Theory is denoted as ALG2. The number of tasks is 5 and that of
resources is 4. The current date is June 12 and the deadline is June 18.S1 is 266.7 hm2, S2
is 466.7 hm2, S3 is 366.7 hm2,S4 is 413.3 hm2 and S5 is 386.7 hm2. The farmland grades
are 1,1,2,2 and 2 respectively. The service ability of farm machinery is 5 hm2 per day. The
response time of farm machinery is June 12th, June 14th, June 13th and June 12th
respectively. The machinery amount is 10, 35, 25 and 10.Table 1 is the temporal distance
among emergency tasks and resources.
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Table 1. The Temporal Distance among Emergency Tasks and
Resources (Day)
No
M1
M2
M3
M4

F1
0.3
0.4
0.5
0.1

F2
0.2
0.1
0.2
0.4

F3
0.2
0.4
0.5
0.5

F4
0.3
0.4
0.6
0.1

F5
0.1
0.2
0.2
0.3

The scheduling scheme of ALG1 is denoted as S1 and that of ALG2 is denoted as S2.The
comparison of the scheduling schemes from the aspects of scheduling cost and the
allocating amounts with ALG1 and ALG2 is shown in table2.
Table 2. The Comparison between ALG1 and ALG2
Schemes

F1

F2

F3

F4

F5

Total

S1

4,832

6,512

6,741

5,328

2,117

21,450

S2

894

1,456

2,456

4,576

2,458

15,498

S1

6.8

6.9

7

6.8

7

7

S2

6.7

6.8

6.6

6.5

6.3

6.8

Scheduling
cost(yuan)

Completion
time(day)

The compared results from table2 can be seen that the scheduling cost of ALG1 is lower
than that of ALG2 and the allocating amounts of ALG1 are less than that of ALG2 .In order
to verify the effectiveness of ALG2 in the paper, the further analysis and comparison are
made and five sets of farmland instances are produced randomly.sc1 means the scheduling
cost of ALG1 and sc2 means that of ALG2. ct1 means the allocating amounts of ALG1 and
ct2 means that of ALG2.Result1 and Result2 ,which are used to make comparisons at
aspects of the scheduling cost and the allocating amounts ,can be defined as the following.
Table 3. The Comparison between ALG1 and ALG2
Scheduling Cost(yuan)

Completion time(day)

NO
ALG1

ALG2

Result1

ALG1

ALG2

Result2

1

23,743

19,856

16.37%

9

8.8

2.22%

2

21,155

16,300

22.95%

8

7.9

1.25%

3

19,537

14,657

24.98%

7.9

7.6

3.80%

4

19,758

17,569

11.08%

7.9

7.8

1.27%

5

20,369

17,943

11.91%

8

7.8

2.50%

Therefore, it is concluded that the scheduling and allocating algorithm based on the
non-cooperative game theory (ALG2) proposed in the paper is more effective and
reasonable.

6. Conclusions
The characteristics of emergency scheduling and allocating are analyzed farm
machinery emergency scheduling and allocating mode leading by management
department is proposed and the optimization model with the goal of cost as low as
possible and completing emergency tasks within the prescribed period is established in the
paper. According to the characteristics of farm machinery emergency scheduling and
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allocating, the scheduling and allocating algorithm with priority rules and the scheduling
and allocating algorithm based on the non-cooperative game theory are proposed. The
problems of tasks selection based on priority and resource competition conflict are
discussed. The effectiveness of the algorithm is verified through experiment in the paper.
Currently, there are no sophisticated algorithms to solve the solution of equilibrium for
Non-Cooperative Game problem. And the algorithm based on the Non-Cooperative Game
Theory has strong dependence on the specific problems. Farm machinery emergency
scheduling and allocating is complex and large system engineering, while the scheduling
and allocating rules should be further studied in the future.
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