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Abstract 

Aimed at building the agile command and control (C2) system, selecting the combination of 

resources is one of the most important problem. Nowadays, only the fixed value is taken into 

account and the general values are ignored, which will bring distortion into result. So, it is 

more meaningful to adopt interval-number. For solving the problem of selecting the 

combination of resources to build the agile command and control (C2) system, the dynamic 

attributes of the resources were descripting by interval number. Then, by combing the interval 

number with the Grey relationship grad theory, the model for selecting the optimal resource of 

Agile command and control system was constructed. And the weight of each attribute is 

obtained via using the entropy weight. The similarities between each plan and “the optimal 

attribute” were calculated by using grey relevance analysis. Lastly, the plan having the 

maximum similarity was selected. In the instance application, the availability of the method is 

validated. 

1 Introduction 

Agile command and control system refers to the dynamic system that is in a position to 

quickly and dynamically organize various system resources, with diverse attributes and 

characteristics, which are widely distributed on the network and subordinate to different 

organizations to be interacted and cooperated in accordance with certain business process, in 

order to successfully respond to task changing and self-changing in the future information 

grid environment, driven by diversified operational tasks.[1]Therefore, the first problem to be 

solved in building an agile command and control system is how to select the optimal resource 

combination from the network according to the task requirements. 

Domestic and foreign scholars have carried out research on similar issues. Literature [2] 

proposes a service selection method based on service function specification and agreement to 

reduce the scale of candidate services, and designs a combinatorial optimization algorithm 

based on genetic algorithm to improve the efficiency of service combinatorial optimization. 

Literature [3] proposes an IoT service discovery method based on probabilistic topic model. 

By calculating the similarity between candidate service sets and service request, the service 



set most similar to the service request is found. The QoS-aware service selection problem is 

modeled as a multi-objective combinatorial optimization problem with multiple constraints in 

literatures [4-6]. Through the iterative evolution of the population, the near-optimal solution 

of the problem is obtained. In literature [7], an optimal selection algorithm for semantic Web 

service composition based on fuzzy multi-attribute decision-making theory is proposed. The 

near-optimal service combination is selected by comprehensively evaluating QoS of data 

heterogeneous. Literature [8] proposes a new intelligent evolutionary algorithm combining the 

compromise ratio method and genetic algorithm, which can quickly find the global 

approximate optimal solution from the massive search space. Literature [9] proposes a task 

and resource matching optimization method based on the overall synergy of resources, and 

establishes an optimization model based on synergy function considering the whole task flow. 

Most of the above methods use optimized methods to select resources. The physical 

meaning of the objective function obtained by synthesizing various attribute weightings is not 

clear. For example, physical meaning of synthesizing weighted attributes such as service 

execution time and service quality is not clear. The most important is that most methods are 

all calculated based on the determined values, and the dynamic attributes of the command and 

control system resources cannot be described, and the results are distorted. 

2 System Resource Optimization Scheme Model Based on Grey Relation Analysis 

2.1 Description of Scheme Attributes Uncertainty 

Set the system construction scheme set to 1 2
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n
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2.2 Scheme Attribute Standardization 

In order to eliminate the dimension and increase the comparability, the gray range 

transformation is used for standardization. 

Standardize the benefit attribute values: 
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Standardize the cost attribute values: 
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Thereinto, 
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The attribute vector of each standardized scheme is  1 2( ) ( ( ), ( ),..., ( ))i i i imz z z z     . 

Thereinto, 
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   are all non-negative interval gray numbers on [0,1] . 

2.3 Attribute Weight Determination 

Take 
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, calculate the entropy value of each attribute: 
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Thereinto, φ [0,1]
j
  is the entropy value corresponding to the jth attribute value. 

Further, the coefficient of variation of each attribute is calculated 

as 1 1,2, ,
j j

g j m   ， . 

Thereinto, [0,1]
j

g   is the coefficient of variation corresponding to the jth attribute 

value. 

Normalize the coefficient of variation and obtain the index weights as: 

1

1, 2, ,
j

j m

jj

g
j m

g




  


， . 

Thereinto, [0,1]
j

  is the weight of the jth attribute value. 

2.4 Judgment Matrix Construction 
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most ideal scheme" attribute vector, where the "most ideal attribute" 
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Further, based on the gray comprehensive evaluation, the "similarity degree" of the 

attribute of the alternative schemes and the "most ideal attribute" is obtained, and then the 



alternative scheme with the largest "similarity degree" is selected as the best. The assumed 

evaluation matrix is as follows: 
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, is the gray 

interval relation coefficient between the sub-attribute ( )
ij

z   and the "most ideal attribute" 

( )jz

 , (0,0.5]ò  is the resolution factor. 

2.5 Scheme Grey Relation Coefficient Calculation 

Therefore, the gray relation coefficients corresponding to the n alternatives are as 

follows: 

  *
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Thereinto: 1 , 1,2, , i n  is the grey relation coefficient corresponding to the ith 

alternative. 

Finally, based on the combined results, the best one is selected from the n alternatives, as 

follows: 

*
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Thereinto: the alternative scheme corresponding to *  is the best. 

3 Applications 

In order to verify the effectiveness of the method, 10 groups of different attributes are 

used as the verification and selection objects, as shown in Table 1. These 10 groups of 

schemes are available candidates that meet the basic constraints selected according to the task 

requirements. Some of the scheme attributes in the set are large the better, and some are 

smaller the better. For ease of processing, the data in Table 1 is processed and all positive 

indicators are converted to inverse ones. In addition, the data in Table 1 is normalized and is 

the value mapped to [0, 10]. 



Table 1 Initial Values of the Attributes of the 10 Groups of Schemes 

Attribute Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5 Scheme 6 Scheme 7 Scheme 8 Scheme 9 Scheme 10 

Attribute 1 
[2.3677,2.5

835] 

[2.0554,2.

4199] 

[3.9657,4.

1638] 

[1.5597,2.

5392] 

[7.0468,7.

4333] 

[7.9790,9.

7708] 

[0.1708,0.

3690] 

[4.7768,4.

8651] 

[0.2264,1.

3410] 

[6.4463,7.

9913] 

Attribute 2 
[8.5904,9.2

142] 
[0.4235,0.

7815] 
[8.1156,8.

7935] 
[0.0465,0.

3737] 
[5.6444,6.

6647] 
[6.1473,7.

9600] 
[4.1783,5.

4362] 
[7.8667,8.

0698] 
[7.7002,8.

4819] 
[5.5788,5.

6881] 

Attribute 3 
[0.7395,1.7

421] 

[1.5285,2.

3919] 

[0.6417,2.

6368] 

[0.4352,1.

1880] 

[0.4768,1.

4481] 

[4.6535,6.

4424] 

[8.3194,8.

5945] 

[2.8001,3.

5801] 

[2.7683,4.

6230] 

[7.9417,9.

7766] 

Attribute 4 
[7.7966,9.2

238] 

[5.4715,6.

7081] 

[8.5514,9.

2380] 

[5.9655,7.

8375] 

[2.9055,3.

1551] 

[5.2309,6.

6920] 

[1.5510,2.

8440] 

[1.8264,3.

4927] 

[5.7233,6.

5199] 

[4.0008,5.

5004] 

Attribute 5 
[2.8691,4.5

396] 

[5.1013,5.

7462] 

[6.2024,7.

3069] 

[4.2727,6.

2309] 

[4.4168,5.

5154] 

[4.9217,5.

5826] 

[3.9869,5.

2259] 

[0.3827,1.

1040] 

[5.7196,7.

2326] 

[8.5515,9.

3793] 

Attribute 6 
[2.6985,3.6

832] 

[8.0466,9.

4361] 

[2.1453,4.

0908] 

[7.6511,8.

3066] 

[3.2545,4.

9301] 

[2.9818,4.

4599] 

[1.0054,2.

9138] 

[1.0990,1.

1628] 

[2.4234,3.

1371] 

[5.8723,7.

1976] 

Attribute 7 
[6.7643,7.3

274] 
[6.0137,6.

4745] 
[0.6229,0.

7993] 
[6.9643,8.

2135] 
[7.7104,8.

8916] 
[6.2782,7.

5990] 
[0.3364,0.

4315] 
[3.0549,3.

7525] 
[5.8877,6.

7904] 
[6.3247,6.

8065] 

Attribute 8 
[1.3034,3.2

777] 

[1.5653,3.

2777] 

[5.7758,6.

3388] 

[3.5664,5.

0285] 

[5.4757,5.

7512] 

[1.2913,2.

9647] 

[1.4555,1.

7327] 

[6.8786,8.

0550] 

[6.5361,7.

2685] 

[7.6035,9.

2171] 

Firstly, the scheme attributes are normalized to the cost attributes values, and then the 

weight of each attribute is calculated by the entropy weight method. The result is: 

 = 0.0910, 0.231, 0.0915, 0.1331, 0.0855, 0.0923, 0.1734, 0.1022 。 

Draw a box plot of the attributes values of the alternative schemes set, as shown in 

Figure 1. The data of the second attribute is the most scattered, and the corresponding weight 

should be the largest, which is consistent with the conclusion of the attribute weight obtained 

by the entropy weight method. 

 
Figure 1 Box Plot of the Attributes Values of the Alternative Schemes Set 

 

Then, the attribute vector of the "most ideal scheme" is defined as: 

( ) ( [0,0.1866],[0,0.0680],[0,0.1560],[0,0.0893],[0,0.0920],[0,0.1648],[0,0.1381],[0,0.2036] )z

 

    Further, based on the gray comprehensive evaluation, the "similarity degree" of the 

“most ideal attribute” and the attributes of the alternative are obtained. Select the resolution 



coefficient 0.5  , and the evaluation matrix *R  is calculated as: 

*

 0.4029    1.0000    0.3452    0.9091    0.4395    0.4076    0.7629    0.3499

 0.3937    0.3437    0.3675    0.5451    0.5373    1.0000    0.6606    0.3649

 0.4746    0.9065    0.3574    1.0000    0.

R 

6506    0.4050    0.3427    0.5993

 0.3861    0.3333    0.3333    0.6352    0.5281    0.8423    0.8468    0.4553

 0.7376    0.6130    0.3374    0.3636    0.5070    0.4511    1.0000    0.5582

 1.0000    0.7076    0.5405    0.5349    0.5255    0.4320    0.7431    0.3539

 0.3333    0.5156    0.8921    0.3333    0.4856    0.3607    0.3333    0.3363

 0.5194    0.8247    0.4130    0.3499    0.3333    0.3348    0.4467    0.7881

 0.3465    0.8427    0.4349    0.5468    0.6245    0.3907    0.6687    0.7024

 0.7217    0.5714    0.9563    0.4479    1.0000    0.6335    0.6983    1.0000

 
 
 
 
 
 
 
 
 
 




 







 

Finally, the grey relation coefficient   corresponding to the 10 alternative schemes are 

obtained as follows. It can be concluded that the 10th scheme is the best. 

0.6635,0.5114,0.6321,0.5434,0.6034,0.6249,0.4424,0.5396,0.6160,0.7[ ]120   

4 Conclusion 

This paper studies the resource optimization problem of agile command and control 

system. Most of the current methods are calculated based on the determined values, and there 

is a situation where the result is distorted. The physical meaning of the objective function 

obtained by combining the weighted attributes of the methods is not clear. The optimization 

method adopted often obtains a suboptimal or local optimal scheme. Aiming at this problem, 

the dynamic attributes of the command and control system resources are given in an uncertain 

form. The interval type data is used to describe the maximum and minimum values of the 

dynamic attribute in a certain period of time; and the entropy weight method is used to 

determine the entropy value of each attribute of the scheme. And then the weight of each 

attribute is determined. Based on the gray comprehensive evaluation, the “similarity degree” 

of the “most ideal scheme” and the attribute of the alternative scheme are obtained, and then 

the alternative scheme with the largest “similarity degree” is selected as the best one. This 

reduces the impact of uncertainty of the resources’ dynamic attributes on resources 

preferences, and ensures that the final results are more objective and closer to reality. The 

effectiveness and rationality of the method are verified by an example application. The 

effectiveness of the proposed method is demonstrated by an example application. 
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