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1.0 Introduction
This document explains the analysis that was performed by Team DJ3K to determine which priority algorithm alternative best meets the sponsor’s needs. The criteria used to determine the best option were optimization, performance, flexibility, and maintainability.
1.1 The Problem

The problem presented to team DJ3K is to assign the UAVs to track TOIs.  The TOIs have an associated priority and the highest priority is the most important to track.  The operator of UCATS will also be allowed to modify the priority during an engagement.  

The sponsor indicated that the algorithm should handle cases up to five UAVs and five TOIs with any combination of each.  The graph below depicts the problem showing the case for five UAVs and five TOIs.
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Figure 1. Graph of Priority Problem for UAVs and TOIs

2.0 UCATS Priority Algorithm Alternatives
Team DJ3K considered two priority algorithm alternatives: a local optimization algorithm and a global optimization algorithm. The following sections provide a description of each alternative.
2.1 Local Optimization Algorithm (Option 1)
The Local Optimization algorithm provides the optimal solution for the local problem.  The local problem is to determine which UAV is best suited to track a given target in order to minimize the time traveled by the UAV.  Therefore the solution to each local problem will yield the UAV with the minimal time required to travel to intercept the target.  The main drawback of the local optimization is it analyzes one target at a time without regard for the other targets.  This is an implementation of a greedy algorithm.  
In order to evaluate the local optimization algorithm, it was prototyped in java and sample cases were run for each combination of UAVs and TOIs with various priority rankings throughout.  The results can be found in Appendix C.  The java code for the local algorithm can be found in Appendix D.
2.2 Global Optimization Algorithm (Option 2)
The Global Optimization algorithm provides the optimal solution for the global problem.  In this case the global problem is to determine which UAV is best suited to track a given target in order to minimize the time traveled by the UAV, while considering other targets with the same priority.  Therefore the solution to the global problem will yield the set of UAVs to track a given number of targets with the same priority in order to minimize the total time traveled by all UAVs. 
In order to evaluate the global optimization algorithm, it was prototyped in java for the case when the number of UAVs equals the number of TOIs and the TOIs have the same priority.    A full implementation of this algorithm would evaluate all possible combinations of UAV and TOI quantities and TOI priorities; however, time limitations for the project prevented a full implementation of the global optimization algorithm.  These solutions can be found in Appendix E.  The java code of this algorithm can be found in Appendix F.  
The same sample cases were run for the local algorithm and the logic of the global algorithm.  The following UAV and TOI combination cases in Table 1 are the combinations where the global algorithm had differences from the local.  





Table 1: UCATS Local and Global Algorithm Differences

	Combination
	1
	2
	3
	4
	5

	# of UAVs
	5
	5
	3
	2
	2

	# of TOIs
	4
	3
	3
	4
	3


These differences are mainly due to the TOIs having the same priority and allowing the global algorithm to optimize the total time the UAVs must fly to intercept the TOIs.  This is the main justification for evaluation of the performance criteria found in section 3.
3.0 Evaluation of Priority Algorithm Options
3.1 Evaluation Methodology

Team DJ3K evaluated the proposed UCATS algorithm options by conducting a multi-attribute trade study using a utility model to evaluate the proposed concepts.  Table 1 summarizes the evaluation criteria and their respective weighting of the utility model.
Table 1: UCATS Algorithm Evaluation Criteria and Weighting

	Criteria 
	Weighting

	Description
	Justification for Criteria
	Value
	Reason for Weighing

	Optimization
	The optimization of the algorithm is the main concern.
	0.30
	This criterion is the second most important.

	Performance
	It is desired to keep the solution as efficient as possible to allow for a quick response by the UCATS.
	0.40
	This criterion is the most important

	Flexibility
	The ability to incorporate multiple data sources will allow the algorithm to improve the flexibility of the system. 
	0.20
	This criterion is the third most important.

	Maintainability
	The ability to upgrade the algorithm helps improve the system. It does not consider the portability between computer operating systems.
	0.10
	This is the least most important criterion.


Team DJ3K then evaluated each concept against each criterion by assigning a score of 0 to 10.  A score of 0 meant the concept did not satisfy that criterion.  A score of 10 meant that concept best met that criterion.  Team DJ3K then multiplied the criterion score by the weighting and summed all the products to obtain a final score for the concept.  The highest score was considered the best concept.
Table 2 shows the scores assigned to each option for all criteria. 

	Criteria
	Options

	
	1
	2

	Optimization
	7
	10

	Performance
	10
	7

	Flexibility
	7
	7

	Maintainability
	8
	7


Table 2: UCATS C2 Evaluation Details
3.2 Functional Model Evaluation

Table 3 summarizes Team DJ3K evaluation of the proposed algorithm options.  In summary, Team DJ3K concluded that the local optimization algorithm best met the criteria.
3.3.1 Algorithm Option 1: Local Optimization
This option scored a total of 8.3, which is the highest rating, therefore this option was selected for use within UCATS.
3.3.2 Algorithm Option 2: Global Optimization
This option scored a total of 7.9, which is lower than option 1, therefore this option was not selected for use within UCATS.
3.4 Summary
An analysis of alternatives was performed on two possible solutions for a priority algorithm and DJ3K determined that the best option was the local optimization algorithm. The two options were scored on four criteria, which were weighted based on the team and sponsor objectives. These values were used to determine the final score for each option. This analysis will be reviewed by the sponsor for approval. 

APPENDICES
APPENDIX A: Acronyms
AWACS
Airborne Warning and Control System
C2

Command and Control
TOI

Target of Interest

UAV

Unmanned Aerial Vehicle

UCATS

Unmanned Control & Tracking System
APPENDIX B: References
1. http://en.wikipedia.org/wiki/Greedy_algorithm
APPENDIX C: Local Optimization Algorithm Results
UAV =5

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
22, 12, 45, 23, 42, 
28, 44, 6, 32, 26, 
Priority:
2, 1, 4, 2, 3, 
TOImatch:
1, 0, 3, 4, 2, 
UAVmatch:
1, 2, 3, 4, 0,
UAV =5

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
12, 38, 34, 15, 
22, 12, 45, 23, 
28, 44, 6, 32, 
Priority:
2, 1, 1, 2, 
TOImatch:
1, 2, 0, 3, 1, 
UAVmatch:
1, 4, 2, 3, 0,
UAV =5

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
12, 38, 34, 
22, 12, 45, 
28, 44, 6, 
Priority:
2, 1, 2, 
TOImatch:
1, 0, 2, 1, 0, 
UAVmatch:
1, 2, 4, 3, 0,
UAV =5

TOI=2

UTtime:
27, 32, 
23, 12, 
12, 38, 
22, 12, 
23, 14, 
Priority:
2, 1, 
TOImatch:
1, 0, 1, 0, 1, 
UAVmatch:
1, 2, 3, 4, 0, 
UAV =5

TOI=1

UTtime:
27, 
23, 
12, 
22, 
28, 
Priority:
2, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
2, 3, 1, 0, 4,
UAV =4

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
22, 12, 45, 23, 42, 
Priority:
1, 3, 4, 2, 3, 
TOImatch:
0, 3, 1, 4, 2, 
UAVmatch:
2, 3, 1, 0, -1,
UAV =4

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
12, 38, 34, 15, 
22, 12, 45, 23, 
Priority:
1, 3, 2, 3, 
TOImatch:
0, 2, 1, 3, -1, 
UAVmatch:
2, 0, 1, 3, -1,
UAV =4

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
12, 38, 34, 
22, 12, 45, 
Priority:
2, 1, 1, 
TOImatch:
1, 2, 0, 1, 2, 
UAVmatch:
1, 0, 2, 3, -1,
UAV =4

TOI=2

UTtime:
27, 32, 
23, 12, 
12, 38, 
22, 12, 
Priority:
2, 1, 
TOImatch:
1, 0, 1, 0, 1, 
UAVmatch:
1, 2, 3, 0, -1,
UAV =4

TOI=1

UTtime:
27, 
23, 
12, 
22, 
Priority:
2, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
2, 3, 1, 0, -1,
UAV =3

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
Priority:
2, 1, 4, 3, 1, 
TOImatch:
1, 4, 0, 3, 2, 
UAVmatch:
1, 0, 2, -1, -1,
UAV =3

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
12, 38, 34, 15, 
Priority:
2, 1, 3, 1, 
TOImatch:
1, 3, 0, 2, -1, 
UAVmatch:
1, 2, 0, -1, -1,
UAV =3

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
12, 38, 34, 
Priority:
2, 1, 1, 
TOImatch:
1, 2, 0, -1, -1, 
UAVmatch:
1, 0, 2, -1, -1,
UAV =3

TOI=2

UTtime:
27, 32, 
23, 12, 
12, 38, 
Priority:
1, 1, 
TOImatch:
0, 1, 0, 1, 0, 
UAVmatch:
2, 1, 0, -1, -1,
UAV =3

TOI=1

UTtime:
27, 
23, 
12, 
Priority:
4, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
2, 1, 0, -1, -1,
UAV =2

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
Priority:
4, 2, 2, 1, 1, 
TOImatch:
3, 4, 1, 2, 0, 
UAVmatch:
1, 0, -1, -1, -1,
UAV =2

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
Priority:
4, 2, 2, 1, 
TOImatch:
3, 1, 2, 0, -1, 
UAVmatch:
1, 0, -1, -1, -1,
UAV =2

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
Priority:
2, 2, 1, 
TOImatch:
2, 0, 1, -1, -1, 
UAVmatch:
0, 1, -1, -1, -1,
UAV =2

TOI=2

UTtime:
27, 32, 
23, 12, 
Priority:
2, 1, 
TOImatch:
1, 0, -1, -1, -1, 
UAVmatch:
1, 0, -1, -1, -1, 
UAV =2

TOI=1

UTtime:
27, 
23, 
Priority:
1, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
1, 0, -1, -1, -1,
UAV =1

TOI=5

UTtime:
27, 32, 10, 34, 45, 
Priority:
2, 3, 3, 1, 2, 
TOImatch:
3, 0, 4, 1, 2, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=4

UTtime:
27, 32, 10, 34, 
Priority:
2, 1, 1, 2, 
TOImatch:
1, 2, 0, 3, -1, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=3

UTtime:
27, 32, 10, 
Priority:
2, 1, 2, 
TOImatch:
1, 0, 2, -1, -1, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=2

UTtime:
27, 32, 
Priority:
1, 2, 
TOImatch:
0, 1, -1, -1, -1, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=1

UTtime:
27, 
Priority:
2, 
TOImatch:
0, -1, -1, -1, -1, 
UAVmatch:
0, -1, -1, -1, -1,
APPENDIX D: Local Optimization Algorithm Code
public class local_alg {


/**


 * @param args


 */

//
public static int[][] UTtime = new int[][]{{27,32,10,34,45},{23,12,34,27,41},{12,38,34,15,54},{22,12,45,23,42},{28,44,6,32,26}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34},{23,12,34,27},{12,38,34,15},{22,12,45,23},{28,44,6,32}};

//
public static int[][] UTtime = new int[][]{{27,32,10},{23,12,34},{12,38,34},{22,12,45},{28,44,6}};

//
public static int[][] UTtime = new int[][]{{27,32},{23,12},{12,38},{22,12},{28,44}};

//
public static int[][] UTtime = new int[][]{{27},{23},{12},{22},{28}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34,45},{23,12,34,27,41},{12,38,34,15,54},{22,12,45,23,42}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34},{23,12,34,27},{12,38,34,15},{22,12,45,23}};

//
public static int[][] UTtime = new int[][]{{27,32,10},{23,12,34},{12,38,34},{22,12,45}};

//
public static int[][] UTtime = new int[][]{{27,32},{23,12},{12,38},{22,12}};

//
public static int[][] UTtime = new int[][]{{27},{23},{12},{22}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34,45},{23,12,34,27,41},{12,38,34,15,54}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34},{23,12,34,27},{12,38,34,15}};

//
public static int[][] UTtime = new int[][]{{27,32,10},{23,12,34},{12,38,34}};

//
public static int[][] UTtime = new int[][]{{27,32},{23,12},{12,38}};

//
public static int[][] UTtime = new int[][]{{27},{23},{12}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34,45},{23,12,34,27,41}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34},{23,12,34,27}};

//
public static int[][] UTtime = new int[][]{{27,32,10},{23,12,34}};

//
public static int[][] UTtime = new int[][]{{27,32},{23,12}};

//
public static int[][] UTtime = new int[][]{{27},{23}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34,45}};

//
public static int[][] UTtime = new int[][]{{27,32,10,34}};

//
public static int[][] UTtime = new int[][]{{27,32,10}};

//
public static int[][] UTtime = new int[][]{{27,32}};


public static int[][] UTtime = new int[][]{{27}};


public static int[] priority = {2};


public static int UAV = 1;


public static int TOI = 1;


public static void main(String[] args) {



System.out.println("UTtime:");


    ArrayAsString(UTtime);



System.out.println("Priority:");


    Array1AsString(priority);


    NEWAlgorithm(UTtime,priority,TOI,UAV);


}


public static void ArrayAsString(int [][] binary) {



StringBuffer stringBuffer = new StringBuffer();



for (int i = 0; i<binary.length; i++) {



for (int j = 0; j < binary[i].length; j++) {



stringBuffer.append(binary[i][j]+", ");



}



stringBuffer.append("\n");



}



System.out.println(stringBuffer.toString());


}


public static void Array1AsString(int [] binary) {



StringBuffer stringBuffer = new StringBuffer();



for (int i = 0; i<binary.length; i++) {



stringBuffer.append(binary[i]+", ");



}



stringBuffer.append("\n");



System.out.println(stringBuffer.toString());


}


public static void IntAsString(int binary) {



StringBuffer stringBuffer = new StringBuffer();



stringBuffer.append(binary+", ");



stringBuffer.append("\n");



System.out.println(stringBuffer.toString());


}

public static void NEWAlgorithm(int [][] UTtime, int [] priority,int TOI ,int UAV){


int[][] UTarray = UTtime;  //copy array

    int Min = 0;
  // Ashirvad: initialzed to '0'

    int max = 0;


int[] TOImatch = new int [5];


int[] UAVmatch = new int [5];


int TOIindex=0;


int total=0;


int UAVid=-1;

    for (int i=0;i<5;i++){

    
UAVmatch[i]=-1;

    
TOImatch[i]=-1;

    }

    for (int i=0;i<TOI;i++){

    
if (priority[i]>max){

    

max=priority[i]; //find max priority

    
}

    }

    for (int i=1; i<=max;i++){ //sets TOI matching array

    
for (int j=0; j<TOI;j++){

    

if (priority[j]==i){

    


TOImatch[TOIindex]=j;

    


TOIindex=TOIindex+1;

    

}

    
}

    }

    if (UAV>TOI){ //continuation of TOI match array for more multiple UAVs to track a TOI

    
do{

    
 for (int j=1;j<=max;j++){

    
  for (int k=0;k<TOI; k++){

    

if (priority[k]==j){

    


TOImatch[TOIindex]=k;

    


TOIindex=TOIindex+1;

    


if (TOIindex==5){

    



k=TOI;

    



j=max+1;

    


}

    

}

    
  }

    
 }

    
} while (TOIindex<5);

    }


  System.out.println("TOImatch:");


  Array1AsString(TOImatch);



if (UAV==TOI){  


  for (int i=0; i<TOI;i++){



total=9999;



for (int j=0; j<UAV;j++){




Min=UTarray[j][TOImatch[i]];




if (Min<total){





total=Min;





UAVmatch[i]=j;




}



}



UAVid=UAVmatch[i];



for (int a=0;a<TOI;a++){




UTarray[UAVid][a]=9999;



}



  }


}


if (UAV<TOI){  



for (int i=0; i<TOI;i++){




total=9999;




if (i<UAV){




 for (int j=0; j<UAV;j++){





Min=UTarray[j][TOImatch[i]];





if (Min<total){






total=Min;






UAVmatch[i]=j;





}




 }




 UAVid=UAVmatch[i];




 for (int a=0;a<TOI;a++){





UTarray[UAVid][a]=9999;




 }



    }



 }


}


if (UAV>TOI){



for (int i=0; i<UAV;i++){




total=9999;




for (int j=0; j<UAV;j++){





Min=UTarray[j][TOImatch[i]];





if (Min<total){






total=Min;






UAVmatch[i]=j;





}




}




UAVid=UAVmatch[i];




for (int a=0;a<TOI;a++){





UTarray[UAVid][a]=9999;




}



}


}


  System.out.println("UAVmatch:");


  Array1AsString(UAVmatch);


  }

}

APPENDIX E: Global Optimization Algorithm Results
UAV =5

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
22, 12, 45, 23, 42, 
28, 44, 6, 32, 26, 
Priority:
2, 1, 4, 2, 3, 
TOImatch:
1, 0, 3, 4, 2, 
UAVmatch:
1, 2, 3, 4, 0,
UAV =5

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
12, 38, 34, 15, 
22, 12, 45, 23, 
28, 44, 6, 32, 
Priority:
2, 1, 1, 2, 
TOImatch:
1, 2, 0, 3, 2, 
UAVmatch:
1, 4, 2, 3, 0,
UAV =5

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
12, 38, 34, 
22, 12, 45, 
28, 44, 6, 
Priority:
2, 1, 2, 
TOImatch:
1, 0, 2, 1, 2, 
UAVmatch:
1, 2, 4, 3, 0,
UAV =5

TOI=2

UTtime:
27, 32, 
23, 12, 
12, 38, 
22, 12, 
23, 14, 
Priority:
2, 1, 
TOImatch:
1, 0, 1, 0, 1, 
UAVmatch:
1, 2, 3, 4, 0, 
UAV =5

TOI=1

UTtime:
27, 
23, 
12, 
22, 
28, 
Priority:
2, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
2, 3, 1, 0, 4,
UAV =4

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
22, 12, 45, 23, 42, 
Priority:
1, 3, 4, 2, 3, 
TOImatch:
0, 3, 1, 4, 2, 
UAVmatch:
2, 3, 1, 0, -1,
UAV =4

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
12, 38, 34, 15, 
22, 12, 45, 23, 
Priority:
1, 3, 2, 3, 
TOImatch:
0, 2, 1, 3, -1, 
UAVmatch:
2, 0, 1, 3, -1,
UAV =4

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
12, 38, 34, 
22, 12, 45, 
Priority:
2, 1, 1, 
TOImatch:
1, 2, 0, 1, 2, 
UAVmatch:
1, 0, 2, 3, -1,
UAV =4

TOI=2

UTtime:
27, 32, 
23, 12, 
12, 38, 
22, 12, 
Priority:
2, 1, 
TOImatch:
1, 0, 1, 0, 1, 
UAVmatch:
1, 2, 3, 0, -1,
UAV =4

TOI=1

UTtime:
27, 
23, 
12, 
22, 
Priority:
2, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
2, 3, 1, 0, -1,
UAV =3

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
Priority:
2, 1, 4, 3, 1, 
TOImatch:
1, 4, 0, 3, 2, 
UAVmatch:
1, 0, 2, -1, -1,
UAV =3

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
12, 38, 34, 15, 
Priority:
2, 1, 3, 1, 
TOImatch:
1, 3, 0, 2, -1, 
UAVmatch:
1, 2, 0, -1, -1,
UAV =3

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
12, 38, 34, 
Priority:
2, 1, 1, 
TOImatch:
1, 2, 0, -1, -1, 
UAVmatch:
0, 1, 2, -1, -1,
UAV =3

TOI=2

UTtime:
27, 32, 
23, 12, 
12, 38, 
Priority:
1, 1, 
TOImatch:
0, 1, 0, 1, 0, 
UAVmatch:
2, 1, 0, -1, -1,
UAV =3

TOI=1

UTtime:
27, 
23, 
12, 
Priority:
4, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
2, 1, 0, -1, -1,
UAV =2

TOI=5

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
Priority:
4, 2, 2, 1, 1, 
TOImatch:
3, 4, 1, 2, 0, 
UAVmatch:
1, 0, -1, -1, -1,
UAV =2

TOI=4

UTtime:
27, 32, 10, 34, 
23, 12, 34, 27, 
Priority:
4, 2, 2, 1, 
TOImatch:
3, 2, 1, 0, -1, 
UAVmatch:
1, 0, -1, -1, -1,
UAV =2

TOI=3

UTtime:
27, 32, 10, 
23, 12, 34, 
Priority:
2, 2, 1, 
TOImatch:
2, 1, 0, -1, -1, 
UAVmatch:
0, 1, -1, -1, -1,
UAV =2

TOI=2

UTtime:
27, 32, 
23, 12, 
Priority:
2, 1, 
TOImatch:
1, 0, -1, -1, -1, 
UAVmatch:
1, 0, -1, -1, -1, 
UAV =2

TOI=1

UTtime:
27, 
23, 
Priority:
1, 
TOImatch:
0, 0, 0, 0, 0, 
UAVmatch:
1, 0, -1, -1, -1,
UAV =1

TOI=5

UTtime:
27, 32, 10, 34, 45, 
Priority:
2, 3, 3, 1, 2, 
TOImatch:
3, 0, 4, 1, 2, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=4

UTtime:
27, 32, 10, 34, 
Priority:
2, 1, 1, 2, 
TOImatch:
1, 2, 0, 3, -1, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=3

UTtime:
27, 32, 10, 
Priority:
2, 1, 2, 
TOImatch:
1, 0, 2, -1, -1, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=2

UTtime:
27, 32, 
Priority:
1, 2, 
TOImatch:
0, 1, -1, -1, -1, 
UAVmatch:
0, -1, -1, -1, -1,
UAV =1

TOI=1

UTtime:
27, 
Priority:
2, 
TOImatch:
0, -1, -1, -1, -1, 
UAVmatch:
0, -1, -1, -1, -1,
APPENDIX F: Global Optimization Algorithm Code
import java.util.Arrays;
public class algotest {

/**

 * @param args

 */

public static int[][] UTtime = new int[][]{{10,13},{11,15}};
//
public static int[][] UTtime = new int[][]{{27,32,10},{23,12,34},{12,19,25}};
//
public static int[][] UTtime = new int[][]{{27,32,10},{23,12,34}};

public static int[] priority = {1,1};

public static int UAV = 2;

public static int TOI = 2;

public static int []count=new int [2];

public static void main(String[] args) {


System.out.println("UTtime:");

    ArrayAsString(UTtime);

    NEWAlgorithm(UTtime,priority,TOI,UAV);

}

public static void ArrayAsString(int [][] binary) {


StringBuffer stringBuffer = new StringBuffer();


for (int i = 0; i<binary.length; i++) {


for (int j = 0; j < binary[i].length; j++) {


stringBuffer.append(binary[i][j]+", ");


}


stringBuffer.append("\n");


}


System.out.println(stringBuffer.toString());

}

public static void Array1AsString(int [] binary) {


StringBuffer stringBuffer = new StringBuffer();


for (int i = 0; i<binary.length; i++) {


stringBuffer.append(binary[i]+", ");


}


stringBuffer.append("\n");


System.out.println(stringBuffer.toString());

}

public static void IntAsString(int binary) {


StringBuffer stringBuffer = new StringBuffer();


stringBuffer.append(binary+", ");


stringBuffer.append("\n");


System.out.println(stringBuffer.toString());

}
public static void NEWAlgorithm(int [][] UTtime, int [] priority,int TOI ,int UAV){

int[][] UTarray = UTtime;  //copy array
    int[][] CalcArray = new int [UAV][TOI];
    int[] matcharray = new int[TOI];
    int[][] bestcalcarray = new int [UAV][TOI];
    int Min = 0;
  // initialzed to '0'
    int max = 0;
    int uavcount = UAV;

int k=0;

int[][] newUTarray = new int[UAV][TOI];

int[] config = new int [TOI];

int[] finalmatch = new int [TOI];
    for (int i=0;i<TOI;i++){
    
finalmatch[i]=-1;
    
if (priority[i]>max){
    

max=priority[i];
    
}
    }
for (int i=1;i<=max;i++){ 
// loop for each priority

k=0;
    for (int ii=0;ii<TOI;ii++){
    
matcharray[ii]=-1;
    
config[ii]=-1;
    }

   for (int j=0;j<TOI;j++){


   if (priority[j]==i){



   config[j]=k;



   for (int u=0;u<uavcount;u++){




   newUTarray[u][k]=UTarray[u][j];
  



   }

         k=k+1;

       }

    }


  System.out.println("newUTarray:");


  ArrayAsString(newUTarray);

  // initialzed to '0'

int totaltime=0;

int[] resetrow = new int[uavcount];

for (int m=0;m<uavcount;m++){


resetrow[m]=0;

}

int[] resetcol = new int[k];

for (int m=0;m<k;m++){


resetcol[m]=0;

}

int[] Rowsum = new int[uavcount];

int[] Colsum = new int[k];

int[][] reset = new int[uavcount][k];
    for (int w=0;w<uavcount;w++){
        for (int j=0;j<k;j++){
        
reset[w][j]=0;
        }
    }
    totaltime = 9999;

     if (uavcount ==1){

       
for (int a=0; a<k; a++){

              Min=newUTarray[0][a];


 
        if (Min <totaltime){
 

 
        
totaltime=Min;

 
                CalcArray[0][a]=1;

 

 
        for (int s=0;s<uavcount;s++){

 

 
        
for (int t=0;t<k;t++){

 

 
        

bestcalcarray[s][t]=CalcArray[s][t];

 

 
        
}

 

 
        }


 
        }


 
        CalcArray[0][a]=0;

 
      }
            }

 
     if (uavcount ==2){

 
      for (int a=0; a<k; a++){

 
       for (int b=0; b<k; b++){

 
    
   if (a!=b){

 

 
        Min=newUTarray[0][a] + newUTarray[1][b];

 

 
        if (Min <totaltime){

 

 
        
totaltime=Min;


 

 
        CalcArray[0][a]=1;


 

 
        CalcArray[1][b]=1;


 

 
        for (int s=0;s<uavcount;s++){


 

 
        
for (int t=0;t<k;t++){


 

 
        

bestcalcarray[s][t]=CalcArray[s][t];


 

 
        
}


 

 
        }

 

 
        }

 
    
   }


 
        CalcArray[0][a]=0;
 

 
        CalcArray[1][b]=0;

 
       }
             }
            }
            if (uavcount ==3){

 
      for (int a=0; a<k; a++){

 
       for (int b=0; b<k; b++){

 
        for (int c=0; c<k; c++){


 
    
   if (a!=b && b!=c && a!=c){

                Min=newUTarray[0][a] + newUTarray[1][b] + newUTarray[2][c];
 

 
        if (Min <totaltime){
 

 
        
totaltime=Min;

                    CalcArray[0][a]=1;

                    CalcArray[1][b]=1;

                    CalcArray[2][c]=1;

 

 
        for (int s=0;s<uavcount;s++){

 

 
        
for (int t=0;t<k;t++){

 

 
        

bestcalcarray[s][t]=CalcArray[s][t];

 

 
        
}

 

 
        }
 

 
        }


 
    
   }

                    CalcArray[0][a]=0;

                    CalcArray[1][b]=0;

                    CalcArray[2][c]=0;


 
       }

              }

             }

            }

            if (uavcount ==4){

             for (int a=0; a<k; a++){

 
       for (int b=0; b<k; b++){

 
        for (int c=0; c<k; c++){

 
         for (int d=0; d<k; d++){


 
    
   if (a!=b && b!=c && c!=d && a!=c && a!=d && b!=d){

                 Min=newUTarray[0][a] + newUTarray[1][b] + newUTarray[2][c] + newUTarray[3][d];

 

 
        if (Min <totaltime){

 

 
        
totaltime=Min;

                        CalcArray[0][a]=1;

                        CalcArray[1][b]=1;

                        CalcArray[2][c]=1;

                        CalcArray[3][d]=1;


 

 
        for (int s=0;s<uavcount;s++){


 

 
        
for (int t=0;t<k;t++){


 

 
        

bestcalcarray[s][t]=CalcArray[s][t];


 

 
        
}


 

 
        }

 

 
        }


 
    
   }
                       CalcArray[0][a]=0;
                       CalcArray[1][b]=0;
                       CalcArray[2][c]=0;
                       CalcArray[3][d]=0;

 
            }

               }

              }

             }

            }

 
     if (uavcount ==5){

 
      for (int a=0; a<k; a++){

 
       for (int b=0; b<k; b++){

 
        for (int c=0; c<k; c++){

 
         for (int d=0; d<k; d++){

                 for (int e=0; e<k; e++){



 
    
if (a!=b && b!=c && c!=d && a!=c && a!=d && b!=d && a!=e && b!=e && c!=e && d!=e){

 
                  Min=newUTarray[0][a] + newUTarray[1][b] + newUTarray[2][c] + newUTarray[3][d] + newUTarray[4][e];


 
               if (Min <totaltime){
 

 
        
    totaltime=Min;

 
                    CalcArray[0][a]=1;

 
                    CalcArray[1][b]=1;

 
                    CalcArray[2][c]=1;

 
                    CalcArray[3][d]=1;

 
                    CalcArray[4][e]=1;

 

 
            for (int s=0;s<uavcount;s++){

 

 
            
for (int t=0;t<k;t++){

 

 
        

  bestcalcarray[s][t]=CalcArray[s][t];

 

 
        
    }

 

 
            }


 
               }



 
    
}


 
            CalcArray[0][a]=0;


 
            CalcArray[1][b]=0;


 
            CalcArray[2][c]=0;


 
            CalcArray[3][d]=0;


 
            CalcArray[4][e]=0;

 
          }
                }
               }
              }
             }
            }

 
     for (int x=0;x<uavcount;x++){

 
    
for (int y=0;y<k;y++){

 
    

if (bestcalcarray[x][y]==1){

 
    


matcharray[y]=x;

 
    

}

 
    
}

 
     }

 int pp=0;

 for (int aa=0;aa<k;aa++){


for (int bb=0;bb<TOI;bb++){



if (matcharray[aa]!=-1 && config[bb]!=-1){




finalmatch[bb]=matcharray[aa];




pp=pp+1;




aa=aa+1;



}


}

}

  System.out.println("FINALmatcharray:");

  Array1AsString(finalmatch);

    if (pp==UAV){


 i=6;
    }
    else{ 
    
uavcount=UAV-pp;
    }
  } //end priority loop i

  System.out.println("FINALmatcharray:");

  Array1AsString(finalmatch);
 
}
APPENDIX G: Results Comparing Local and Global Optimization Algorithm
UAV =5

TOI = 5

Local results

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
22, 12, 45, 23, 42, 
28, 44, 6, 32, 26, 
Priority:
1, 1, 1, 1, 1, 
TOImatch:
0, 1, 2, 3, 4, 
UAVmatch:
2, 1, 4, 3, 0,

Global Results:

UTtime:
27, 32, 10, 34, 45, 
23, 12, 34, 27, 41, 
12, 38, 34, 15, 54, 
22, 12, 45, 23, 42, 
28, 44, 6, 32, 26, 
FINALmatcharray:
2, 1, 0, 3, 4,

UAV =4

TOI = 4

Local results

UTtime:
10, 32, 11, 34, 
23, 12, 8, 27, 
12, 17, 34, 15, 
12, 12, 45, 23, 
Priority:
1, 1, 1, 1, 
TOImatch:
0, 1, 2, 3, -1, 
UAVmatch:
0, 1, 2, 3, -1,
Global Results:

UTtime:
10, 32, 11, 34, 
23, 12, 8, 27, 
12, 17, 34, 15, 
12, 12, 45, 23, 
FINALmatcharray:
0, 3, 1, 2,
UAV =3

TOI = 3

Local results

UTtime:
10, 32, 11, 
23, 12, 8, 
12, 17, 34, 
Priority:
1, 1, 1, 
TOImatch:
0, 1, 2, -1, -1, 
UAVmatch:
0, 1, 2, -1, -1,
Global Results:

UTtime:
10, 32, 11, 
23, 12, 8, 
12, 17, 34, 
FINALmatcharray:
0, 2, 1,
UAV =2

TOI = 2

Local results

UTtime:
10, 13, 
11, 15, 
Priority:
1, 1, 
TOImatch:
0, 1, -1, -1, -1, 
UAVmatch:
0, 1, -1, -1, -1,
Global Results:

UTtime:
10, 13, 
11, 15, 
FINALmatcharray:
1, 0,
UAV =1

TOI = 1

Local and Global results will be the same for all cases with one TOI.
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