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Abstract 

Most software reliability growth models (SRGMs) take software faults detected that 

may be removed immediately into consideration. In fact, it costs often considerable 

resources to identify the root causes of faults detected and to remove them. In additional, 

detection effort and correction effort have the great effect on software debugging process. 

The detection effort function and correction effort function are defined as resource 

expenditures spent on software debugging process, respectively. In this paper, we 

investigate software debugging process using the queue theory. We propose finite server 

queuing models with resource and change-point under imperfect debugging environment. 

A real software failure project is demonstrated the effectiveness of proposed models, and 

numerical results demonstrate that new models can provide better fit and prediction. 
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Correction effort 

 

Notation 

 

 
 

1. Introduction 

To estimate and predict software reliability, one of the critical techniques is to use the 

SRGMs [1]. Using these SRGMs, software developers or managers can derive 
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quantitative information about whether reliability goals have been achieved, and 

determine the resources allocation and release time needed to achieve desired reliability 

requirements [2]. 

Recently, researchers have used the queue theory to describe software debugging 

process behavior [3-5]. However, some issues are not involved in model, such as resource 

expenditures spent on software debugging process, change-point, and imperfect 

debugging environment. During software debugging process, software reliability is very 

depending on the amounts of resources [6]. Further, the rate of fault remove may be not 

constant or change as time, and new faults can be introduced as part of software 

debugging process. 

Based on foregoing discussion, we will propose finite server queuing models with 

resource, change-point and imperfect debugging. The new models could determine 

resources and manpower needed to achieve desired reliability requirement. Then, 

software programmers estimate and predict software reliability using these models. In 

proposed models, software debugging processes are assumed to be the Non-

Homogeneous Poisson Process (NHPP) and a general distribution process, respectively. 

Detection effort and correct effort represent resource expenditures spent on software 

debugging process, respectively. Besides, new faults are created when removing faults. 

This paper is organized as follows. The related work is summarized in Section 2, Section 

3 will study how to derive proposed models. Section 4 gives the numerical example with 

the actual software failure data. Conclusions are drawn in Section 5. 
 

2. Related Work 

Detection effort function and correction effort function are considered as the testing 

effort consumption spent on software debugging processes, respectively. Furthermore, the 

actual testing effort expenditures can be described by distribution curves. We assume 

                                                                                                                        

(1) 

                                                                                                               

(2) 

In real world, the rate of fault remove relies on the capability of software programmers, 

the difficulty of faults removed, debugging resource, debugging environment and so on. 

Once these factors are change during the fault debugging process, software fault remove 

rate may be change. Thus, there is considered as a change-point problem. Many SRGMs 

with change-point have achieved a great improvement in the accuracy of estimation and 

prediction of software reliability [4, 7]. 

    On the other hand, software fault remove process is controlled by debugging 

programmers, however faults detected are not always fully removed, and new faults can 

be introduced as part of the fault remove process. Many SRGMs with imperfect 

debugging have proposed a relaxation of perfect debugging assumption, and these models 

have a fairly accurate predication capability [8-9, 11]. 

 

3. Model Formulation 

The proposed model is based on the assumptions [3-5]: 

1. Software debugging processes are finite server queuing models with NHPP arrival 

and general service time distribution 

2. In , the mean number of faults detected by the current detection effort 

expenditures is proportional to the mean number of remaining faults 

3. The fault remove time is considered and the number of faults removed delays total 

number of faults detected. 
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4. The time-dependent behavior of detection effort and of correction effort can be 

defined by distribution curves. 

5. The new models are imperfect debugging. 

According to the above assumption, we get the differential equation [6, 10] 

                                          (3) 

Here, we supposed . Solving Eq.(3) yields 

 (4) 

Let  be the number of fully removed in time . If there is one change-point in 

fault remove process,  is given by  

  (5) 

In time ,  is computed by  

  (6) 

In real software project, there is finite software resource to remove faults. Then  

is composed of two parts 

  

                

(7) 

Substituting Eq.(7) into Eq.(8), we have 

 (8) 

In time , the cumulative fault remove counting consists two parts: faults detected 

in  are fully removed in ; anther, faults detected in  are fully removed in  

. Due to the finite removed resource,  is also composed of two parts 

    

 (9) 

 

Substituting   into  yields 

 

 (10) 

      is defined as  

         

  

(11) 
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From Eq.(5), Eq.(6) and Eq.(11), we can obtain 

          

 

           (12) 

The paper assumes , . 

Substitute them into Equation (12). 

 

4. Numerical Example 
 

4.1. Data Description and Comparison Criteria 

The real software project detected and removed 136 software faults in 21 weeks' testing 

and 25.3 CPU hours. Some criteria are presented to decide the performance of software 

reliability [2].  

                            (13) 

  (14) 

The Laplace factor is given by [2] 

  (15) 

The C chart is tool that is used to monitor the software process. The C chart is 

considered as Euation. (16), Equation (17) and Equation (18) 

  (16) 

  (17) 

  (18) 

 

This paper, the Laplace trend test and the C chart results are shown in Figure1 and 

Figure 2. As seen from Figure 1 and Figure 2, this may be two change-points. However, 

researchers suggest that the numbers of change-points are not too many. Thus, this paper 

chooses one change-point. 
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Figure 1. Laplace Trend Analysis 

 
 

Figure  2. C Chart 

4.2. Performance Analysis 

We will analyze and discuss the performance of new models according to the actual 

software failure data in this section. The formulations of some models are listed in Table 

1. Here, the results of the SSE and the RMSE are shown in Table 2. From Table 2, we can 

see the new models provide the lower value of SSEd and SSEc, the higher value of RMSEd 

and RMSEc than other SRGMs. Therefore, the new model is suitable for modeling the 

software reliability and the fitted distribution curves are highly significant for the actual 

software failure data set. 
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Table 1. Mean Value Functions of Comparison of Goodness-of-fit of 
SRGMs  

 

Table 2. Comparison Results for Different SRGMs based on System T1 

 
5. Conclusions 

We have applied the queue theory to model software debugging process. Finite server 

queuing models with detection effort functions, correction effort functions, and change-

point under imperfect debugging are proposed to estimate and predict software reliability 

in this paper. Compared with the existing other models, the new queuing models can give 

a better result of goodness-of-fit for this software failure data set. 
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