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I. EXPERIMENTS

Term MSF : Model Synchronizing Frequency, we have included both MSF and Block Size, MSF = 1 resembles to
the experiment done corresponding to block size 1. This is clearly mentioned with detail in the paper. In the paper
we have only used the block size term in the graphs.

II. SUMMARY OF CROSS VALIDATION ACCURACY VARIATION WITH MSF

Cross-Validation Accuracy Variation against Epochs
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Fig. 1. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for MSF = [1,2,4,8]
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Fig. 2. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for MSF = [1,2,4,4096]
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Fig. 3. Training Time Variation with Model Synchronization Frequency of Ijcnnl Dataset with Variable MSFs
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Fig. 4. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for MSF = [1,2,4,8]
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Fig. 5. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for MSF = [1,2,4,4096]
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ITII. ALL EXPERIMENTS ON IJCNN1, WEBSPAM AND EPSILON DATASETS ON ALL MSFs
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Fig. 8. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for Parallelism 2 MSF = [1,2,4,8,16]
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Fig. 9. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for Parallelism 2, MSF = [32,64,128,256,512]

Variation of Cross-Validation Accuracy with Communication Frequency: ljcnnl Dataset: Parallel Model Synchronizing Frequency=1

Configuration

1 ——

x1lc
Sequential 4c 5001i

Cross-Validation Accuracy

[ 50 100 150 200 250 300 350 00 250 500
Epochs

Variation of Cross-Validation Accuracy with Communication Frequency: licnnl Dataset: Parallel Model Synchronizing Frequency=2

=

g

3 N "

< o

= &l

g e W

<] g; N v\r Configuration

g gftf 4x 2¢ 50011 ——

b T Sequential Bc 5001i

g

S o 50 100 150 200 250 300 350 400 50 500
Epochs

Variation of Cross-Validation Accuracy with Communication Frequency: licnnl Dataset: Parallel Model Synchronizing Frequency=4

>
g ———— 77—
E
Configuration
4x 4¢ 5001 ——
Sequential 16¢ 5001i
S 200 250 200 350 w0 50 500
Epochs
Variation of Cross-Validation Accuracy with Communication Frequency: licnnl Dataset: Parallel Model Synchronizing Frequency=8
Configuration
x Bc i ——
Sequential 32¢ 5001i
5 20 w00 w50 w0 50 500
Epochs
Variation of Cross-Validation Accuracy with Communication Frequency: ljcnnl Dataset: Parallel Model Synchronizing Frequency=16
e e — S S —
Configuration
4x 16c 5001 ——
N . . . N . N I&?equentla\ 64c 50010
3 100 150 200 20 a00 350 s 50 s00

Epochs

Fig. 10. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijennl Dataset for Parallelism 4 MSF = [1,2,4,8,16]
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Fig. 11. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for Parallelism 4, MSF = [32,64,128,256,512]
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Fig. 12. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijecnnl Dataset for Parallelism 8 MSF = [1,2,4,8,16]
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Fig. 13. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for Parallelism 8, MSF = [32,64,128,256,512]
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Fig. 14. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for Parallelism 16 MSF = [1,2,4,8,16]
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Fig. 15. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for Parallelism 16, MSF = [32,64,128,256]
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Fig. 16. Cross Validation Accuracy Variation with Model Synchronization Frequency of Ijcnnl Dataset for Parallelism 32 MSF = [1,2,4,8,16]
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. 17. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 2 MSF = [1,2,4,8,16]
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18. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 2, MSF = [32,64,128,256,512]
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. 19. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 4 MSF = [1,2,4,8,16]
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Fig. 20. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 4, MSF = [32,64,128,256,512]
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Variation of Cross-Validation Accuracy with Communication Frequency: Webspam Dataset: Parallel Model Synchronizing Frequency=32
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Fig. 22. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 8, MSF = [32,64,128,256,512]
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Fig. 23. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 16 MSF = [1,2,4,8,16]
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Variation of Cross-Validation Accuracy with Communication Frequency: Webspam Dataset: Parallel Model Synchronizing Frequency=32
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24. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 16, MSF = [32,64,128,256]
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15

Variation of Cross-Validation Accuracy with Communication Frequency: Webspam Dataset: Parallel Model Synchronizing Frequency=32

>
g
3
]
£
s
E
3
S |
6 ff Configuration
32x 32¢ 5001i ——
Sequential 1024¢ 5001i
o . L . . . L . L ;
o ) 100 150 20 20 w00 350 w0 50 s00
Epochs
Variation of Cross-Validation Accuracy with Communication Frequency: Webspam Dataset: Parallel Model Synchronizing Frequency=64
@
=
g
3
H
S
s
2
]
b
g
5
65 Configuration
32x 64c 5001 ——
Sequential 2048¢ 5001i
E
o ) 100 150 20 20 w00 w50 w0 50 500
Epochs
Variation of Cross-Validation Accuracy with Communication Frequency: Webspam Dataset: Parallel Model Synchronizing Frequency=128
@ = S—
=
g
3
H
b
s
3
E
[
g
5
65 Configuration
32x 128¢ 5001i ——
Sequential 4096c 5001i
o
o 50 100 150 20 20 w00 350 w00 0 500
Epochs

Fig. 26. Cross Validation Accuracy Variation with Model Synchronization Frequency of Webspam Dataset for Parallelism 32, MSF = [32,64,128]



IV. DISTRIBUTED MSF EXPERIMENTS

A. Ijcnnl All Cross Validation Accuracy and Objective Function Value Variation against MSFs
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Fig. 32. Distributed Training Time : Dataset Ijcnnl , Configuration : MSF = [1,2,4,8,512,], Parallelism = 2
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Fig. 34. Distributed Training Time : Dataset [jcnnl , Configuration : MSF = [1,2,4,8,], Parallelism = 4
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Fig. 106. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,], Parallelism = 32
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Fig. 107. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,16,], Parallelism = 32
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Fig. 108. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,32,], Parallelism = 32
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Variation of Objective Function Value with Communication Frequency: Epsilon Dataset
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109. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,128,], Parallelism = 32
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110. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,256,], Parallelism = 32
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Variation of Objective Function Value with Communication Frequency: Epsilon Dataset
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Fig. 111. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,512,], Parallelism = 32
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Fig. 112. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,1024,], Parallelism = 32
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Fig. 113. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,2048,], Parallelism = 32
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114. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [1,2,4,8,4096,], Parallelism = 32
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Fig. 115. Distributed Training Time : Dataset Epsilon , Configuration : MSF = [128,256,512,1024,], Parallelism = 32
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Fig. 116. Distributed Training Time

: Dataset Epsilon , Configuration : MSF = [256,512,1024,2048,4096,], Parallelism = 32
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C. Webspam All Cross Validation Accuracy and Objective Function Value Variation agains MSFs

Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 117. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,], Parallelism = 2
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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119. Distributed Training Time : Dataset Webspam , Configuration :

MSF = [1,2,4,8,32,], Parallelism = 2
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset

1000 T T T =|
i Parallel Gonfiguration i
100 |— 2x 1c 50011 —
I 2x 26 50011 7
10 k_ 2x 4c 50011 _:
2x 8c 50011 l
1 ;“%‘} 1 2x 1286 50011 i
L b wvtw'mf«x«im@ychwﬁ = s _ N - .
001 T \ \ \ \ \ \ \ ]
50 100 150 200 250 300 350 400 450 500
Epochs
Variation of Cross-Validation Accuracy with Communication Frequency: Webspam Dataset
TP S T B ——— e —— — f— = ———
— V,_/C"V by —
Aﬂ\«w«w —
Parallel Configuration 7]
2x 1 50011 -
2x 2¢ 50011 —
2x 4c 50011
2x 8e 50011 -
— 2x 128c 50011 —
\ \ | \ \ \ \ \ \
0 50 100 150 200 250 300 350 400 450 500
Epochs
Fig. 120. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,128,], Parallelism = 2
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121.

Distributed Training Time : Dataset Webspam , Configuration :

MSF = [1,2,4,8,256,], Parallelism = 2
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 122. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,512,], Parallelism = 2
Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 123. Distributed Training Time : Dataset Webspam , Configuration :

MSF = [1,2,4,8,1024,], Parallelism = 2
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 125. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,16,], Parallelism = 4
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 126. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,32,], Parallelism = 4
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Fig. 127. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,128,], Parallelism = 4
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 129. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,512,], Parallelism = 4
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Fig. 130. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,1024,], Parallelism = 4
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Fig. 131. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,], Parallelism = 8
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 134. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,128,], Parallelism = 8
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Fig. 135. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,256,], Parallelism = 8
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Fig. 139. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,16,], Parallelism = 16
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Fig. 145. Distributed Training Time : Dataset Webspam , Configuration : MSF = [1,2,4,8,], Parallelism = 32
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Fig. 150. Distributed Training Time

: Dataset Webspam , Configuration : MSF = [1,2,4,8,512,], Parallelism = 32
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D. Summary [jcnnl MSF = 1,2,4,8 , Parallelism = [2,4,8,16,32]

Variation of Objective Function Value with Communication Frequency: licnnl Dataset

83

100
Parallel Configuration
2x 1c 50011
2x 2¢ 50011
2x 4c¢ 50011
2x 8¢ 50011
o 10
=2
T}
>
<
S
g 1
S
[
2
g
e)
O o1
0.01 . L . L . L . L .
0 50 100 150 200 250 300 350 400 450
Epochs
Variation of Cross-Validation Accuracy with Communication Frequency: ljcnn1 Dataset
92
2 e
90
g 88
3
§ 1§
- 86
S
]
Dy
5}
=
3
o 82
S Parallel Gonfiguration
2x 1050011
80 2x 20 50011
2x 40 5001i
2x 80 50011
28 \ \ L \ \ \ L \ \
0 50 100 150 200 250 300 350 400 450

Epochs

Fig. 152. Distributed Model Synchronizing Algorithm on Ijcnnl Dataset for Parallelisms 2 and MSF = [1,2,4,8]
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E. [jcnnl MSF = [128-4096] , Parallelism = [2,4,8,16,32]
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FE Ijennl MSF = 1,2,4,512 , Parallelism = [2,4,8,16,32]
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G. Webspam MSF = 1,2,4,8 , Parallelism = [2,4,8,16,32]

Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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H. Webspam MSF = [128-4096] , Parallelism = [2,4,8,16,32]
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Fig. 169. Distributed Model Synchronizing Algorithm on Webspam Dataset for Parallelisms 2 and MSF = [128,2048,4096]
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Fig. 170. Distributed Model Synchronizing Algorithm on Webspam Dataset for Parallelisms 4 and MSF = [128,2048,4096]
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Fig. 171. Distributed Model Synchronizing Algorithm on Webspam Dataset for Parallelisms 8 and MSF = [128,1024,2048]
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1. Webspam MSF = 1,2,4,512 , Parallelism = [2,4,8,16,32]
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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Fig. 174. Distributed Model Synchronizing Algorithm on Webspam Dataset for Parallelisms [2] and MSF = [1,2,4,512]
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Variation of Objective Function Value with Communication Frequency: Webspam Dataset
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J. Epsilon MSF = 1,2,4,8 , Parallelism = [2,4,8,16,32]

Variation of Objective Function Value with Communication Frequency: Epsilon Dataset
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Fig. 176. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [2] and MSF = [1,2,4,8]
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Variation of Objective Function Value with Communication Frequency: Epsilon Dataset
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Fig. 177. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [4] and MSF = [1,2,4,8]
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Fig. 178. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [8] and MSF = [1,2,4,8]
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K. Epsilon MSF = 1,2,4,512 , Parallelism = [2,4,8,16,32]

Variation of Objective Function Value with Communication Frequency: Epsilon Dataset
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Fig. 181. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [2] and MSF = [1,2,4,512]
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Fig. 183. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [8] and MSF = [1,2,4,512]
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Fig. 185. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [32] and MSF = [1,2,4,512]
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L. Epsilon MSF = 1,2,4,4096 , Parallelism = [2,4,8,16,32]

Variation of Objective Function Value with Communication Frequency: Epsilon Dataset
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Fig. 186. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [2] and MSF = [1,2,4,4096]
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Fig. 187. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [4] and MSF = [1,2,4,4096]
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Fig. 188. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [8] and MSF = [1,2,4,4096]
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Fig. 190. Distributed Model Synchronizing Algorithm on Epsilon Dataset for Parallelisms [32] and MSF = [1,2,4,4096]
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V. ALL TRAINING TIME

Training Time Variation against Block Size : Parallelism = 2
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Fig. 191. Distributed Training Time of All Datasets : Parallelism = 2
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Fig. 192. Distributed Training Time of All Datasets : Parallelism = 4
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Training Time Variation against Block Size : Parallelism = 8
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Fig. 193. Distributed Training Time of All Datasets : Parallelism = 8
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Fig. 194. Distributed Training Time of All Datasets : Parallelism = 16



Training Time Variation against Block Size : Parallelism = 32
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Fig. 195. Distributed Training Time of All Datasets : Parallelism = 32
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VI. TRAINING TIME BREAKDOWN
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Fig. 197. Distributed Training Time of Dataset Ijcnnl : Parallelism = 4
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licnnl Dataset : Computation and Communication Time Breakdown [Per Training Process]: m=8
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Fig. 198. Distributed Training Time of Dataset Ijcnnl : Parallelism = 8
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Fig. 199. Distributed Training Time of Dataset Ijcnnl : Parallelism = 16



ljcnnl Dataset : Computation and Communication Time Breakdown [Per Training Process]: m=4
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Fig. 200. Distributed Training Time of Dataset Ijcnnl : Parallelism = 32
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Fig. 202. Distributed Training Time of Dataset Webspam : Parallelism = 4
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Webspam Dataset : Computation and Communication Time Breakdown [Per Training Process]: m=8
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Fig. 203. Distributed Training Time of Dataset Webspam : Parallelism = 8
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Fig. 204. Distributed Training Time of Dataset Webspam : Parallelism = 16
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Fig. 207. Distributed Training Time of Dataset Epsilon : Parallelism = 4
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Epsilon Dataset : Computation and Communication Time Breakdown [Per Training Process]: m=4
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Fig. 211. Distributed Training Time of Dataset Ijcnnl
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VII. SUMMARY OF ALL TRAINING TIME AND TRAINING TIME BREAKDOWN
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Fig. 212. Distributed Training Time Breakdown of Dataset Ijcnnl
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Training Time [Per Training Process]: m=2
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Fig. 213. Distributed Training Time of Dataset Webspam
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Fig. 214. Distributed Training Time Breakdown of Dataset Webspam
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Training Time [Per Training Process]: m=2
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Fig. 215. Distributed Training Time of Dataset Epsilon
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Fig. 216. Distributed Training Time Breakdown of Dataset Epsilon
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