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Abstract- Software complexity measurement is an essential task for development and management of software projects. In 
the literature, there are some software metrics to measure the complexity of software. However, instead of using 
conventional methods for obtaining software metrics, introducing novel estimation models  for that purpose is needed . This 
paper presents results for estimation of software complexity metricsby neural networks in which the steepness coefficient (s) 
in the activation function is applied. We use a neural network of three layers with a single hidden layer and train this network 
by using Scaled Conjugate Gradient(SCG) Algorithm. We apply sigmoid activation functionusing  various steepness 
coefficients (s) to determine the effects of this parameter on the performance of neural network model. Experiments 
performed  on a widelyknown software metrics, Halstead, to indicate that neural networks approach is feasible. We compare 
our results of software complexity obtained by using neural networks with those calculated by Halstead model. This 
comparison shows that, for software complexity measurement, an optimized value of the steepness coefficient improves the 
performance and the effectiveness of our proposed method of neural networks. 
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I. INTRODUCTION 
 
Software complexity analysis is a crucial task in 
developing and managing software projects. Many 
studies for software complexity metrics have been 
published in the literature [1-13]. Halstead software 
complexity measurement is one of the well-known 
and used approaches for the subject matter 
[12].However, this approach is limited due to the 
interrelationships among all the parameters to be 
completely understood.On the other hand, unlike the 
traditional approach,the neural networks approach 
automatically creates relationships among metric 
terms. Thus, a precise novel modelis needed to obtain 
results just with determining the end points (input - 
output), and without the need to know the path 
taken.The performance of neural networks is related 
to network structuresuch as number of layers, number 
of neurons in eachlayer, the characteristics of the 
activation functionand its defining parameters such as 
steepness coefficient(s). Steepness coefficient affects 
how fast and how good the neural network canlearn 
the nonlinear pattern [14-15] . 
The objective of this paper is to improve the 
performanceof neural networks in predicting software 
complexity and evaluate its prediction 
performanceagainst well-known Halstead software 
complexity metrics in the context of randomly 
generated dataset. The evaluation is made by 
specifying the architecture of the network model to 
get the best results. Hence, a feed-forward neural 
network model is designed which consists of three 
layers of neurons that are  input, hidden, and output. 
The input layer consists of four nodes, and the output 
layer consists of three nodes. The Scaled Conjugate 
Gradient(SCG) Algorithmis used to train the network, 

because the results of a previous work [11] showed 
that the worst case in predicting software complexity 
occurs with this training algorithm.Therefore, to 
improve the predicting capability of the network, 
steepness coefficient is applied in the activation 
function since activation function  determines how 
theneuron behaves depending on total input to the 
neuron.Various steepness coefficients are 
incorporated in the sigmoid activation function to 
determine the effects of this parameter on the 
performance of neural network model.Our results of 
software complexity obtained by using designed 
neural network are compared with those calculated by 
Halstead model. This comparisonshows that the 
difference between our estimated results obtained by 
steepness coefficient as 0,5 has the minimum 
diffirence value.The results also showthat the 
performance of the neural network model increases 
for different values of  steepness coefficient and the 
selection ofthe steepness coefficient (S) is an 
important phase forsuccessful application of the 
neural network.The optimum value of steepness 
coefficient is problem-specific and the optimum value 
of steepnesscoefficient must be determined for the 
respective problemin the subject matter. 
 
II. SOFTWARE METRICS 
 
Halstead complexity metrics are used in the study for 
to be based for the neural network model. The 
following measures are employed for deriving 
Halstead complexity metrics :  

n1  =  the number of unique operators within a program 
n2  =  the number of unique operands in a program 
N1  =  the total number of operators within a program 
N2  =  the total number of operands in a program 
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Table 1 shows the Halstead metrics that are used in 
the study. 
 

Metric Symbol  Formula  
Program length  N  N= N1 + N2  

Program vocabulary  n  n= n1 + n2  
Volume  V  V= N *log2 (n)  
Effort  E  E= V/2*n2 

Halstead Program 
Length 

H H = n1*log2(n1) + 
n2*log2(n2) 

Table1.Halstead ComplexityMetrics 
 
III. NEURAL NETWORKS 
 
Neural networks have great application area in all 
engineering fields due to their reliable characteristics 
in explaining input-output relation ofcomplex 
systems. The important point is the structure of the 
neural network to obtain reliable results. The 
performance of the neural network model changes 
due to the selected parameters while modeling the 
structure. Hence, determining these parameters is a 
crucial phase in designing neural network model for 
the subject of interest. 
 
In this paper, we usedthree layers of neurons asinput, 
hidden and output to model software metrics. The 
input layer consists of the numbersn1, n2, N1, N2 
which are represented by matrices.A hidden or output 
unit in the NN operates as follows : 
 

)( 
i

j jbixjiwfy i= 1,2,3,4 and j=1,2,3  .(1) 

 
where, 

jy is transformed output by the jth hidden or output 

node, 
푓(푥) =      is a sigmoid activation function with 
steepness coefficients (s), 

jiw is a synaptic weight from the ith node to jth node, 

ix is an input node, 

jb is a bias at jth node. 
 
We used Scaled Conjugate Gradient(SCG) Algorithm 
to train the network. Because, the results in [11] 
shows that the worst case occurs with this training 
algorithm. Hence, we applied sigmoid activation 
function using various steepness coefficients (s)to 
determine the effects of this parameter on the 
performance of neural network model. The results 
showed that the performance of the neural network 
model is improved for different values of s, and the 
best result is obtained for s = 0,5. 
 
IV. DATASET 
 
Dataset used in this study is generated randomly 
according to the following assumptions: 

 
5 ≤ 푛1 ≤ 100 

5 ∗ 푛1 ≤ 푁1 ≤ 10 ∗ 푛1 
5 ≤ 푛2 ≤ 100 

3 ∗ 푛2 ≤ 푁2 ≤ 9 ∗ 푛2                       (2) 
 
The input values are generated as n1, n2, N1, N2 and 
the calculated results as Halstead metrics V, E, H for 
100 sets. 
 
V. RESULTS 
 
In the designed NN, there are 4 inputs and3 outputs 
for each 100 sets.  It should be noted that, the 
proposed model can be applied to set of any 
length.Scaled Conjugate Gradient(SCG) Algorithmis 
used to train the network. 

 
To obtain the best result we evaluated 4 distinct 
steepness coefficient values (s) in the activation 
function. Table 2 shows the %-average differences 
for the results of our models and the Halstead model.   
 

Result  Metrics S = 0,5 S = 1 S = 1,5 S = 2 

V 6,81 12,54 10,39 10,89 

E 24,16 41,23 31,42 32,08 

H 27,62 43,37 34,06 36,11 

Table2.% Average Differences 
 
Amongthese models, the best solution is obtained by 
the network with s = 0,5 for each output value and the 
worst solution is obtained by the network with s = 1 
for each output value. Hence, it can be concluded that 
the steepness coefficient is a parameter that affects 
network performance . Thus, optimized values of 
steepness coefficient must be in the model. However, 
the optimum value of steepness coefficient might be 
problem-specific. Therefore, a preliminary step is to 
determine the optimum value of steepness coefficient 
for the respective  application. 
 
CONCLUSIONS 
 
In this study, we have shown that the performance of 
the neural network model for estimation of software 
complexity metrics improves by applying steepness 
coefficient in the activation function. We have used a 
neural network of three layers with a single hidden 
layer and trained this network by using Scaled 
Conjugate GradientAlgorithm. To obtain the best 
result we have evaluated 4 distinct steepness 
coefficient values (s) in the activation function. We 
have compared our results of software complexity 
obtained by using neural networks with those 
calculated by Halstead model. This comparison has 
shown that the difference between our estimated 
results obtained by steepness coefficient as 0,5 has 
the minimum diffirence value.The results have also 
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showed that the performance of the neural network 
model improves for different values of s and the 
optimum value of steepness coefficient must be 
determined for each specific problem. 
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