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Abstract: Present software development process provides the developer, flexibility 

through functional programming technique to embed the third party objects into their 

software product in order to cut down the unnecessary duplication of coding. The existing 

models for estimation of software reliability are based on past failure data and whenever 

the software developer aims to estimate the reliability of the software product, it is 

compounded with the lack of past failure data of the third party objects, resulting in the 

loss of accuracy on the estimation process results incomplete estimation. The SRQM 

model proposed is used to predict the reliability of the frozen software packages based on 

actual usage testing. Also SRQM introduced the cell based modeling of an application.  

Using this cell based modeling the developer can point out which part of the application 

needs reliability improvement to meet the user requirements and also set criteria to qualify 

a product for the reliability requirements.  

Keywords: Software reliability, reliability estimation, Mean time to Run (MRTF), testing, 

software engineering 

1.          Introduction   

     Modern functional programming technique has simplified the software development 

process [1]. Various computer languages supporting functional programming technique 

have become popular in recent years, proving that functional programming is the future 

software development process [2]. Moreover, the modern software development process 

does not strictly follow through all the phases of the software development life cycle 

(SDLC) because of the following reasons that, each piece of the complex software is 

being  developed by various groups and may not be belonging to the same division or 

unit, hence generalization of reliability factors, assumptions etc., of the development 

process is tedious and also, moreover in real scenario developers are under tremendous 

pressure to release their product in time, where in there is a chance of missing or 

manipulation of past failure data[3]. There is various software reliability estimation 

models used to predict the reliability of the application either based on the failure data 

collected during development or extrapolating the observed data [2]. The survey on 

software reliability models referred in this paper left with the conclusion that the existing 

models are not addressing the methodology to qualify a product for the target reliability 

meeting qualification criteria. As a solution to the lacunas, a model is developed that 

could be used to estimate and determine the qualification criteria of full-scale range of 

software packages using actual-usage testing.  
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Further, SRQM uses the concept of Mean Runs to Failure (MRTF) that is useful to modify 

the actual failure rate of the software based on test results.  The meaningful estimation of 

the reliability of the software product, from the customer point of view will be the 

reliability estimation of the frozen software product based on usage testing [2],[3],[4]. 

This paper presents a new SRQM model to qualify a software product to the customer 

reliability requirements. The major  advantages of such estimation are: (1) The user 

witnesses the actual software reliability estimation process, (2) There is no question of 

error feeding due to fixing of some errors, (3) Software considered for estimation being a 

black box facilitates easy verification and validation in the presence of user, (4) The 

reported number of failures will be permanent and hence the user has the liberty to alter 

the reliability in-terms of confidence and its associated risk [5], (5) Estimated reliability is 

neither predicted nor extrapolated and it is purely the true field reliability.  

Notation 

θ   Upper MRTF 

α    Consumer risk 

β   Producer risk 

d    Discrimination Ratio 

i  Number of installations 

ATR        Average test runs in hours    

MRTF     Mean runs to failure 

t              Time 

2.          Software Reliability Qualification Model 

     The Software Reliability Qualification Model estimates the reliability of software 

product based on end user testing methodology. This model divides the total software 

package into small standard cells and each cell is tested using the standard real time test 

methods over a period of execution time, which is also estimated, by established statistical 

methods [6]. The tested results are analyzed and compared with the scoring tables 

exclusively provided by this model to arrive at a risk factor and actual number of failures 

reported is the real time usage risk of the software.  The estimated real time risk factor is 

multiplied by the actual number of failures over an estimated test time will be the failure 

rate of the specific cell under test. Finally, the failure rate of parallel-series combination 

[7], [8] of these cells will end up with the total failure rate of the system which in turn 

provides the “Mean Runs To Failure (MRTF)” of the Software Package. Moreover, 

SRQM outlines the procedures to estimate the reliability, usage of scoring sheet to test the 

software product and to estimate the time to test. 

      In this model it is basically assumed that the software coding is broadly grouped and 

classified into standard cells [9], [10]. Any software package developed forms a 

combination of these standard cells. For example a Student database system software 

could be classified into standard cell such as fixed database, Error Handler, File based, 

Security, etc, similarly, the other type of applications would have different combination 

standard cells. The SRQM proposes the standard cells as fixed database, File based, Error 

handler, Standalone/Network based, S/W in accordance with standards, Portability, 

Coupling, Deadline based, Communication based, Security, Safety, Self-test and recovery, 

Control based, Mathematical based, and Reports/Graphs. In addition, the user has freedom 

to define user-defined standard cell in case the user finds a typical portion of code not 

being classified in the above standard list of proposed cells: 

     The algorithm placed in Appendix A (A.1) based on [6], the Average run time of the 

cells are calculated and tabulated during the estimation for MRTF in the case study. 
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Step 2: Testing of Standard cells 

     Testing of software is a science-based art, which requires lot of skills to identify the 

valid and invalid test cases to cover full features of the software. This model has the full 

flexibility that the user can establish their methodology of testing. Though, the model 

suggests the list of test conditions, needed to be tested in order to establish full coverage 

of test [9]. The test features presented here are exclusively designed as a part of present 

work but beyond the scope of this paper. 

      By using the cell/Module level Reliability Block diagram of the software as shown in 

Figure 1 and Figure 2, calculate the total MRTF of the software by using the well-

established redundancy[8],[11],[12],[13]. Using the proposed use-based software 

reliability estimation model a case study is presented in this paper. MRTF of the software 

is estimated using the SRQM proposed to validate the accuracy of this model. 

3.          Case Study 

     The present case study on the SRQM to prove that model is capable of estimating the 

reliability of software developed using user point of view testing on the compiled product.  

Nomenclature of the software: Spare parts- cost optimization system 

Language Used: Visual Basic 6.0 as front end and Microsoft access as back end. 

Description of software: Software tool to estimate the optimum number of spare parts 

required to be stocked in order to improve the availability of the electronic systems, cost 

effectively, based on scientific approach. 

3.1          Inputs required 

i) Logical diagram of the software at cell level: 

 

 

 

 

 

 

 

 

 
Figure 1: Functional diagram of Spare Software 

The logical/functional diagram shown in Figure 1 is extracted from the software 

requirement specification developed based on functional requirements and customer 

expectations. 

ii) Reliability block diagram of the software: 

 

 

 

 

 

Figure 2: Reliability block diagram of Spare Software 
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iii) Expected Overall MRTF of the total software:  250 Hours 

iv) Developer’s Risk = 10%; v) User’s Risk = 10%; vi) Discrimination Ratio = 

1.5 

vii) Average Test Run Time in Hours (Estimated time to completely run the test 

cases for a cell as per the Test Score Sheets provided) = 48 Hrs 

viii) Expected MRTF for each cell 

• Security Cell        :  750 MRTF  

• File Based Cell         :  750 MRTF 

• S/W in accordance with standard  :  750 MRTF 

• Fixed Database         :  1000 MRTF 

• Report/Analysis         :  1500 MRTF 

• Error Handler         :  1200 MRTF 

ix) Average Test Run Time in Hours (Estimated time to completely run the test 

cases for a cell as per the Test Score Sheets provided) = 48 Hours 

(applicable for all cells) 

x)   Functional requirement of the software (either cell level or module level) 

As per the Software Requirement Specification of the Spare parts cost 

Optimization Software 

xi) Number of samples (Software installed in number of locations to 

independently run the test cases): 15 Nos 

3.2       Estimation of NTR, MRTF and Reliability  

     The NTR and MRTF are generated based on the time for testing of each cell is 

estimated and the sample calculation of NTR for a security cell of SPARE package using 

following data; θ= 750; α = 0.1; β=0.1; d  =1.5; i= 15; ATR =48; θ0= 750 x 48 = 

36000; θ1= (750/1.5) x 48 = 24000; A = 7.5 using (1); B = 0.111 using (2) 

a= -5.427 using (3); c= 0.111 using (4); b= 0.00003 using (5) and estimated NTR = 54 

Runs. NTR is actual number of times the test case is repeated for a specific cell. 

Table 1:  The Estimated Number of Runs and Minimum No of Samples 

Name of the Cell 
Expected 

MRTF 

No of Test 

Benches 

Number of Test 

Runs Estimated 

Security Cell 750 15 54 Runs 

File Based Cell 750 15 54 Runs 

S/W in accordance with standard 750 15 54 Runs 

Fixed Database 1000 15 70 Runs 

Report/Analysis 1500 15 109 Runs 

Error Handler 1200 15 87 Runs 

Similar exercise is carried out for all the selected cells based on the algorithm as per 

Appendix-A has estimated and the Table 1 lists all the cells in the spare parts cost 

optimizations system software and their corresponding expected MRTF, number of test 

benches and the minimum number of test runs estimated. 

3.3         Testing of standard cells: 

     The sample of assessment sheets for security based cell as shown in Table 2.  
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Table 2: Assessment Sheet for Security based Cell 

Assessment Score 

Sl. 

no. 
Test Description % 

Test 

Not 

applicable 

No.of Failures 

(N) 
 

1 Availability test 1  4  

2 Confidentiality test 1  1  

3 Data Integrity Test 1  2  

4 Integration Test 0.8  1  

5 Usability Test 0.7    

Total Score 4.5 0 8 4.5 

     The sample assessment sheet for security cell is presented in table 2, similar tables are 

developed and accordingly the total score for each cell is calculated. For the case study 

presented the following assessment sheets similar to Table 2 are developed namely; 

security cell, file based cell, software in accordance with standard cell, fixed database cell, 

report/graphics cell, error handler cell etc., 

     The percentage of score for each cell is calculated after testing the cell for NTR runs 

based on the following. 

Actual Number of Failures reported (N) = 8 Nos 

Test factor (W) = 1.25 chosen from Table A1 listed in Appendix A. 

factorTest
scoreMaximum

scoreactualscoreMaximum
SPScoreofPercentage ×







 −
+= 1)(  

375.125.1
5

5.45
1 =×







 −
+=SP  

 
)(.)(. SPNScoreofPercentagereportedfailuresofNorfailuresofNoTotal ××=  

Total No. of failures (r)   =    8 ××××  1.375 = 11 

Table 3:  Cells and respective actual number of failures (N) 

Name of the Cell 
No. of Test Runs 

Estimated 

Expected 

MRTF 

Actual No. of 

Failures (N) 

1.Security Cell   54 Runs 750 Runs 8 

2.File Based Cell  54 Runs 750 Runs 9 

3.S/W in accordance with standard  54 Runs 750 Runs 12 

4.Fixed Database   70 Runs 1000 Runs 4 

5.Report/Analysis  109 Runs 1500 Runs 5 

Error Handler  87 Runs *(53) 1200 Runs 15+ 

Each cell is tested for number of test runs (NTR) estimated as per the test assessment 

sheets and actual number of failures (N) for all the cells are calculated and listed as shown 

in Table 3.   

3.4      Calculation of Failure Rate of the Individual Cell 

     Repeat the assessment test one by one to test all the cells of the software under 

assessment and fill the content as shown in Table 4. 
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Table 4:  Estimated Failure of the Cells 

Failure Status 

Name of the Cell 
Runs 

Estimated 

MRTF 

(Runs) N SP W r 
Failures/ 

Test runs 

Security Cell 54 750 8 1.1 1.25 11 0.0013 

File Based Cell 54 750 7 1.4 1.25 12.25 0.0013 

S/W with standard 54 750 12 1.0 1.25 15.0 0.0013 

Fixed Database 70 1000 4 1.25 1.25 6.25 0.001 

Report/Analysis 109 1500 5 1.5 1.25 9.37 0.0006 

Error Handler 

 
87*(53) 1200 

15

+ 
1.0 1.25 18.7 0.0188 

     From the Table 4 it is evident that only the error handler cell does not meet the desired 

MRTF. Hence, it is suggested that the MRTF can be achieved by modifying the source 

code of the Error handler cell (fixing of Bugs), or otherwise terminate the test runs at the 

15th failure occurrence and determine the point estimate of failure Rate as follows 

[11],[14],[17]; 

onsinstallatiofNooccurrencefailurethatruntestActual

failuresofNoActual

HandlerErrorrateFailure

.)15(

.

)(

×

=  

3.5      MRTF of the Software Package  

    The reliability equation given below is derived based on Figure 2;  

 R(total Software) = RSecurity Cell· ((RFile based cell·RSoftware in accordance with Std. 

·RFixed Database·RReport/Graphs Cell)||·(RError Hander (EH)))  

ARM1= λ file based cell + λ software in accordance with std. cell + λ fixed database cell + λ 

reprint/graphs cell = λ1 and ARM2 = λ error handler cell= λ2 

MRTFARM1 = 4205.1282, MRTFARM2 = 0.0188 and λ Security Cell= 0.0013 

MRTFARM1 +ARM2  = (1/ λ1 + 1/ λ2) – 1/ (λ1 * λ2) = 53.179089 hours 

Total Failures per run: 0.004089  

Estimated MRTF (49.7403954 Hours) < Expected MRTF (250 hours) 

Qualification Result: Redo-Application to meet criteria 

4.  Conclusion  

     The SRQM developed in the present work successfully overcomes most the drawbacks 

that are faced by the other models [17],[18]. The following are the enhancement feature 

over the other models. It does not require complete history of software under estimation 

(data throughout the SDLC) since the failure rate is assessed based on real time test. There 

are no derived constants that are sensitive in deriving the results. This model can be 

iteratively applied in order to detect and correct the faults in the software system till it 

satisfies the user requirements. Testing during the assessment does not assume that the 

software is tested in a manner similar to the anticipated operational usage. It is mostly 

tested for both valid and invalid operational profiles and hence it can eliminate most of 

critical errors. It is independent of the Source Line of codes (SLOC), Language used, and 

operating system. Easy to adapt and alter the reliability assessment procedure even if the 

software needs to be reconfigured for its requirement. End user can witness the estimation 

process. Accuracy of the result is purely proportional to effort of testing but not based on 
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any assumptions and flexibility to estimate the assessment duration (Estimated time for 

testing). The case study present here has truly demonstrated against the end user reliability 

requirement. From the above case study it was concluded that all the cells in the software 

could withstand the user reliability requirement except the error handler cell. The 

maximum attainable MRTF is 47 hours continuous running of the product. In other words 

the product will exhibit a failure with an average interval of 47 hours. Since the SRQM 

model proposed is with the goal of qualifying the software product to the desired quality. 

If the product is developed with the target MRTF of lesser than 47 hours then the product 

is fit for qualification else the product is sent back to the developer to improve the MRTF 

to the target set. In the case study presented in this paper the MRTF was aimed with the 

range from 750 to 1500 with an overall average MRTF of 250 hours. Except the error 

handler cell, other cells have qualified for the target MRTF; hence the feedback on the 

modification of the error handler cell is presented to the developer to modify the product 

to meet the MRTF requirement based on the user expectations. Similarly the iterative 

estimations of MRTF are conducted after every cycle of software modification till the 

target MRTF is achieved. However it is concluded that the SRQM model helps to access 

the qualification criteria for a product to demonstrate its reliability capabilities. However 

this model is developed with the assumption that the frozen software product will exhibit 

the exponential distribution similar to hardware and if further required it can be 

generalized with the suitable distribution model for further analysis. 

Acknowledgements: Thanks are due to the anonymous referees who helped improve the 

presentation. 
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Appendix A 

A.1 Reliability Estimation Procedure 

The following are the steps to estimate the reliability of the software, the concept on the calculation of ATR is 

derived using [6]  

Set the Expected MRTF  

i. Divide the software into standard heterogeneous cells  
ii. Set the individual Expected MRTF for all the cells 

iii. Defined the functional requirement of the software (cell or module level) 

iv. Estimate the time for testing each cell or the combination of cells using the steps indicated below. 

v. Test the individual cell or the combination of cells for the requirements. Estimate the true failure rate 

and MRTF of each cell or combination of cells 

vi. Draw a reliability block diagram at cell level 

vii. Estimate the total MRTF and Reliability 

Inputs required 

i. Logical diagram of the software at cell level 
ii. Developer’s Risk in percentage or Confidence 

iii. User’s Risk in percentage or confidence 

iv. Average Test Run Time in Hours (Estimated time to completely run the test cases for a cell as per the 

Test Score Sheets provided) 

v. Expected MRTF of the total software 

vi. Expected MRTF for each cell 

vii. Functional requirement of the software (either cell level or module level) 

viii. Reliability block diagram of the software 
ix. Number of samples (Software installed in number of locations to independently run the test cases) 

x. Estimation of MRTF and reliability of the software 

Step1: Estimation of number of test runs (NTR) 

 The number of test runs (NTR) for testing the individual cell is calculated based on the following 

algorithm derived from the MIL-HDBK 781 

 Input:  { 

θ: Upper MRTF, α : Consumer risk, β: Producer risk, d : Discrimination Ratio, 

i: Number of installations, ATR: Average test runs in hours   } 

 

Calculate { 

 

θ0 =  θ0   x   ATR 

θ1 =  (θ0 /d) x   ATR 

 

d

d
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  } 

 

Estimate NTR { 
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 NTR = 0 

                       n = 0 
 

             DO UNTIL (a+bt < NTR) 

             {n= n++ 

                t = n x ATR x i } 

             LOOP 

              
               NTR = n  

   } 

              End : 

 

Table A1:  Tester confidence factor  

 

Slno. Description Factor 

1 Tester from a CMM level 5 Company 1 

2 Certified test engineer 1.25 

3 Experienced Test Engineer  1.5 

4 Test Engineer  2 

 


