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Appendix  A  
SPADE Agent Development Environment 
 
A.1   Simple Agent 

 

 
A.2Agent Behaviour 
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A.3   ACL Messages 
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Appendix  B  
Clustering Algorithm  
 
B.1   Calculation of segment centroid 
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B.2   Parallel algorithm and the kernel launch 

 
B.3Centroid Kernel Function 
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B.4Host Centroid Kernel Launch Function 
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Appendix  C  
Artificial Data Generation 
 

% Generate 3 clusters 
MU1 = [-1 -1]; SIGMA1 = [.5 0; 0 .5]; 
MU2 = [2 2];   SIGMA2 = [.7 0; 0 .7]; 
MU3 = [-3 3];  SIGMA3 = [0.2 0; 0 0.2]; 
 
seg1 = mvnrnd(MU1,SIGMA1,2100); 
seg2 = mvnrnd(MU2,SIGMA2,2400); 
seg3 = mvnrnd(MU3,SIGMA3,800); 
 
X1 = [seg1; seg2; seg3]; 
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Appendix  D  
Scatter Diagram of Artificial Data Merging results 
 

 
Node 1 Cluster Results 

 
 
 
 
 
 

 



 
70 

 
Node 2 Cluster Results 

 
 

 
Node 3Cluster Results 
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Node 4 Cluster Results 

 

 
Node 5 Cluster Results 
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Merged result of all 5 nods 
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Appendix  E  
Descriptive Statistics of Real-world Data Clustering 
 
Attribute Mean Standard Deviation Max Min 
Since First Purchase 311.33 251.30 1,152 1 
Since Last Purchase 216.40 227.70 1,152 1 
Loyalty Point Collected 276.30 262.92 1,360 0 
Loyalty Point Redeemed 164.90 153.86 1,320 0 

Cluster 1 Descriptive Statistics (N=75,580) 
 
 
Attribute Mean Standard Deviation Max Min 
Since First Purchase 523.89 241.89 1,152 2 
Since Last Purchase 104.21 162.21 1,142 1 
Loyalty Point Collected 2,434.40 1,388.60 9,730 810 
Loyalty Point Redeemed 241.37 515.72 2,700 0 

Cluster 2 Descriptive Statistics (N=7106) 
 
 
Attribute Mean Standard Deviation Max Min 
Since First Purchase 629.90 253.60 1,152 1 
Since Last Purchase 188.50 236.95 1,150 1 
Loyalty Point Collected 3,246.95 1,285 10,337 1,274 
Loyalty Point Redeemed 2,185.50 1,060.09 5,809 0 

Cluster 3 Descriptive Statistics (N=3507) 
 
 
Attribute Mean Standard Deviation Max Min 
Since First Purchase 791.03 335.75 1,152 50 
Since Last Purchase 116.31 181.97 1,136 1 
Loyalty Point Collected 18,590.01 6,088.36 50,806 10,489 
Loyalty Point Redeemed 164.90 49,162.64 26,553 0 

Node 4 Descriptive Statistics (N=356) 
 
 
Attribute Mean Standard Deviation Max Min 
Since First Purchase 788.88 272.47 1,152 8 
Since Last Purchase 137.55 211.21 1,094 1 
Loyalty Point Collected 8,292.70 2,520.60 18,514 4,613 
Loyalty Point Redeemed 4,797.65 2,774.22 14,009 0 

Node 5 Descriptive Statistics (N=1,256) 
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Attribute Mean Standard Deviation Max Min 
Since First Purchase 539.23 240.30 1,152 1 
Since Last Purchase 330.36 274.40 1,152 0 
Loyalty Point Collected 736.92 658.66 3,000 0 
Loyalty Point Redeemed 160.33 339.92 1,660 0 

Node 6 Descriptive Statistics (N=26,212) 
 
  
Attribute Mean Standard Deviation Max Min 
Since First Purchase 391.51 416.13 1,142 60 
Since Last Purchase 74.56 49.26 294 3 
Loyalty Point Collected 98,014.28 46,221 234,017 41,313 
Loyalty Point Redeemed 69,711 44,092 210,056 1,750 

Node 7 Descriptive Statistics (N=39) 
 
  
Attribute Mean Standard Deviation Max Min 
Since First Purchase 536.78 433.25 1,150 4 
Since Last Purchase 80.34 77.81 484 1 
Loyalty Point Collected 64,714 70,298 425,057 28,325 
Loyalty Point Redeemed 33,151 30,107 184,548 0 

Node 8 Descriptive Statistics (N=46) 
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Appendix  F  
GPU and GPU Execution Time 
 
 
# of Data Points CPU Time In Seconds GPU Time In Seconds 

195 2.24079895 1.874832153 
390 4.078645229 2.150387049 
781 16.66117287 2.850647211 

1562 77.31625414 9.025827885 
3125 111.2946901 5.516698837 
6250 338.895828 9.107051134 

12500 480.0107498 9.128021002 
25000 2675.170223 19.49317503 
50000 3225.784702 12.18083715 

100000 5184.894117 13.60191917 
 
 
 
 
 
 
 
 
 


