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Software reliability prediction with an improved 
Elman network model 
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(1. Image Processing and Pattern Recognition Laboratory, Beijing Normal University, Beijing 100875, China; 

2. State Key Laboratory of Computer Science, Institute of Software, Chinese Academy of Sciences, Beijing 100190, China) 

Abstract: In order to improve accuracy and dependability of using neural network for software reliability prediction, a 

multi-objective optimization-based improved Elman recurrent network method (Mop-IElman) was proposed. First, on the 

basis of the Elman network, a self-delay feedback of the output layer as another context layer was designed. Second, the 

network architecture and the initial outputs of these two context layers were taken as variables of network configuration 

setting, and NSGA-II was employed to simultaneously optimize prediction performance and robustness, then the Pareto 

solution was obtained. After that, by maximizing the sum of prediction performance and robustness, the final network 

configuration setting was determined. Finally, the proposed method was compared with the feed-forward neural network, 

the Elman network, both the single-objective and the multi-objective optimization Elman networks with respect to two 

real software failure data. It demonstrated that the proposed Mop-IElman achieves higher prediction accuracy and de-

pendability. 
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�ÈcÁ¾'�Sop, single-object optimization���
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gh����
ÆZ?C�� NTDS�naval 

tactical data system�ÌÍÎÏ�X£¤��X[19]
�/

J 1�*�Ã�ÅÆZ!"�X� LCCS�large-scale 

command and control system�e8�ÐÆÑÒ£¤�[20]

�/J 2��#�Ä�X�NTDS �X
Ó1ÌÍ

ÎÏ�X£¤»-.Ç�Ô*hÕ 3���.Í�

Öì�*×Ø�ó���»�3���HI.Í26Ç

5 * 3 E 34 �Öì�É!"�ó��ñòýÀ�

LCCS �X
Ó1ÙÍ��e8�ÐÆÑÒ��£

¤» 15 Ú�Ô��?D¸¹I��Ú!"�X�

É��!"��ñòýÀ� 

� 1 NTDS�������	/
 

�� �� �� �� �� �� �� �� 

1 9 10 7 19 6 27 87 

2 12 11 1 20 1 28 47 

3 11 12 6 21 11 29 12 

4 4 13 1 22 33 30 9 

5 7 14 9 19 6 31 135 

6 2 15 4 23 7 32 258 

7 5 16 1 24 91 33 16 

8 8 17 3 25 2 34 35 

9 5 18 3 26 1   
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� 2 LCCS�����	 
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1 203 9 80 

2 136 10 64 

3 183 11 27 

4 47 12 42 

5 46 13 55 

6 71 14 62 

7 54 15 11 

8 57   
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Mop-IElman
�)* NTDS LCCS 

number_hidden 6 7 

candidate1 [−0.737 327 55 
0.906 557 76 

−0.800 913 37 
−0.710 415 15 
0.882 400 84 

−0.722 992 42] 

[−0.499 208 83 
0.241 988 84 
0.586 916 52 
−0.994 614 6 
0.590 822 89 
0.482 731 53 
0.418 446 63] 

candidate2 −0.292 128 65 −0.881 550 66 
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MSE MSD MSE+MSD 
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Sop-L1 8 3 732.043 351.293 5 4 083.337 
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7 631.22 511.67 1 142.89 

Sop-L2 6 963.79 269.31 1 233.10 

Mop-Elman 8 781.03 386.80 1 167.83 

Mop-IElman 7 827.12 230.99 1 058.11 
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