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ABSTARCT: 
 In architecture-based software system Reliability allocation to components plays major role during the 
software product design phase, which has close relationship with cost and software modeling. In this 
paper dynamic programming algorithm is used to allocate the reliability and cost of designing software 
.we taken minimum step length for allocation reliability to different sizes of components in the system. 
The result of our research show an optimal solution or near optimal to the problem of choosing the 
component containing the software can be achieved with lower cost. 
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1. INTRODUCTION 

The Software architecture is composed of components, connectors, and configurations. Any software development has 
to go to the different phases. In design phase technical lead or system architect will be involving to design the architecture of 
the application. There are two different types of designs. First one is HLD (high level design) and second one is LLD (low 
level design). 

Software systems have a significant influence on our daily lives. If any HLD or LLD design software failure is happened 
during operation of software can lead to economic loss and may even cause loss of human lives. That’s way unreliable 
software is not acceptable and should be identified in the starting stage of software development. Later the defects found ,the 
higher the cost that needs to be paid for them. 

The discussion of this paper takes the following structure. Section 2 introduces software reliability allocation model. 
Section 3 depicts find out the optimal allocation method by using a dynamic   programming algorithm. Section 4 illustrates 
the application of the algorithm proposed in section 3 and section 5 offers conclusion and future work are presented. 

2.  SOFTWARE RELIABILITY ALLOCATION MODEL  

2.1.  Software System Development Cost Minimization versus Maximizing Reliability Allocation   

  In fact, it is difficult to develop the software reliability while releasing the software system development cost because they 
are two inconsistent constraints.   The invented software development cost minimization can be measured from two facts of 
assessments. One is to find an optimal reliability allocation method while achieving the given reliability such that the 
development cost can be as small as possible; the other is how to allocate the reliability to each component on the basis of 
the given cost so that the system reliability can be maximized. This paper focuses on the former one. 
 
   Several systems are executed by using a set of interconnected subsystems. Reliability allocation means fixing the 
reliability among different subsystems so that the total system development cost (including human, material resources, 
development time and testing time etc) can be minimized. Reliability allocation can be used to planning with such kind of 
problem that the goal is set prior to the solution. Normally the number of the solution is more than one, as a result reliability 
allocation is used to deal with the optimal problem with some restrictions. 
 
2.2 Software Reliability And Cost Model  
 
 It is reasonable to assume that the cost function fi. 
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would satisfy these three conditions. 
•fi is a positive definite function 
• fi is non-decreasing. 
• fi increases at a higher rate for higher values of Ri 

 
 
The third condition suggests that it can be very expensive to achieve the reliability value of 1. 
According to the definition of software reliability; 
          r (t ) = e – λt  -------------------(1) 
 
 where  r(t) is continuous-time system reliability, λ is its failure rate. 
According to the experience from practical engineering, this paper takes account of the factors by assuming that software 
reliability and development cost  
Satisfithe relations as below: 
1).Software development cost is inversely proportional to the number of system failures.  
 
          E ∝ 1/ C      ----------------------(2) 
 
           λ∝E           ----------------------(3) 
   
where C is the development cost and E is the number of system failures.using equation(2),reliability function (1) is therefore 
  
           C∝ -1/ln r    -------------------(4) 

 

2.software development cost is proportional to the complexity and size of the software system. 

 
Taking assumption 2) into account,the equation (4) can be expressed as: 
 
            C=-α/ln r  -----------------------(5) 
 
 
Where α represents the complexity size for developing the software system and is called reliability cost coefficient in this 
paper. 
In consideration of the operation in practical engineering ,where personal training ,development tools preparation etc. we use 
character β to represent the basic development cost in this paper. 
 Reliability cost model as below: 
 
          C(r)=-α/ln r+β   ------------------(6) 
 
Equation(6) states the relationship between system development cost and system reliability in our mopdel. 
 
Given a system with many components,the reliability of its component I can be also stated as: 
C(Ri)= αi/ln Ri+βi       ----------------(7) 
 
 
 
 
 
2.3 Software reliability  model 
 
Here  we assume the software system has been designed as an assembly of appropriated connected components. Let there be 
n components, each with reliability Ri and cost Ci,i=1,2…n.let Robj be the specified target reliability and the total system 
cost.Let F(R1,R2….Rm) be the function of R and Ri. 
 
The software reliability allocation model can be stated as: 
Objective function 
 
               Min C        -------------------(8) 
Subject to 
 
  { r=F(r1,r2,----,rn ) >=Robj  ,0<ri<1   -------------(9) 
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   C=∑Ci=∑ βi-∑αi/ln ri  -------------------------------(10) 
 
 
If  β is simplified to  0(zero).then eq(10) can be rewriting as: 
 
 
      C=∑Ci=-∑αi/ln ri    -------------------------(11) 
 
As for a software system with n sub systems or components within a given architecture ,the development system will 
increase while enhancing the software reliability target. Significantly ,the greater improvement of  the reliability ,the more 
increase  of the cost will be required. 
 
Such  a problem can be resolved with variety methods,and dynamic programming is an option. 
   

3. Using Dynamic Programming Algorithm To Solve Reliability Allocation Problem: 

 
A software system with n components and the association function F discussed above is known. The reliability-cost 
coefficient α of each component and the specified system reliability target R obj is given. 
 
   The dynamic programming algorithm is as follows: 
Step 1:  

Let S represent the reliability matrix [r1,r2, ., rn], T represent the cost matrix [c1, c2, …, cn], δ be the solving step 
length, Ii represent the matrix with one column and n rows in which only the value of the ith element is 1 and the rest are all 
0. Assume S0=[maxr, maxr, …, maxr], maxr  represents the maximized possible reliability, for example 0.9999, which 
means the initial reliability values of the components are all maxr. 
 Step 2: 

 As for S0, T0  can be solved(11), C0 can be given by  and system reliability R0 can be given by function F. 
 Step 3: 

 If R0<Robj then stop and return. No solutions. 
 Step 4:  

Set Rate=0; 
 Step 5: 

 for i=1 to n 
i) S’=S0 – Ii*δ; 
ii)  With regard to S’, Generate reliability R’ with  the function F, T’ with (7), total cost C’   

          iii) ∆C= C0 - C’; ∆R= R0 – R’; 
          iv) if R’ ≥ Robj and ∆C/∆R >Rate then Set Rate=∆C/∆R , R=R’ , S=S’ , C=C’ , T=T’; 
   Step 6: 

 if R0≠R then set S0=S; R0=R; C0=C; T0=T; 

return to step 4 
 Where reliability allocation result S0 is the reliability of each component. R0 and C0 are the corresponding system reliability 
and expected system development cost. T0 is the expected development cost allocated to each component.    Notice from the 
above that prerequisite to the correctness of the algorithm is that the decrease in reliability of one component can result in 
that of the whole system and lower the development cost. But that can be guaranteed in our algorithm. The aim of step 5 iv) 
in the above algorithm is to select an optimal component whose decrease in reliability can result in the maximal 
cost/reliability variation, which makes the single step programming optimized so that optimal reliability allocation of the 
ultimate system is guaranteed. 

4. Example and Result 
Here we choose a system with three independent components r1, r2, r3. We assume that all the components are 

essential to the system and their failures are statistically independent. Therefore, the relationship between the total system 
reliability r and its components’   reliability ri (i=1, 2, 3) can be stated as: r = F (r1, r2, r3 ) = r1* r2* r3 Suppose that the 
complexities of the components are 0.45,0.82 and 0.64  respectively. In order to minimize the system development cost and 
the system reliability shall be no less than 0.95, how to allocate the reliability to each component. Set the precision of 
computing is 0.005. 
Such a problem can be rewritten as: 
     R＝r1* r2* r3≤0.95 
  C1= - 0.45/ln r1 
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  C2= - 0.82/ln r2 

  C3= - 0.64/ln r3 

       Compute the values of parameters (r1, r2, r3) with which the total cost C (C＝c1+c2+c3) is minimized.    With 
respect to each component, we compute the cost with the reliability from 0.95 to 0.995 (increment is 0.005) according to the 
reliability/cost function model in the data   set as shown in Table 1. 
According to the algorithm above, set initial state S0 = [0.995, 0.995, 0.995]. Accordingly, T0 = [89.77, 163.58, 127.67], 
δ=0.005, and the system cost C0=89.77+163.58+127.67 =381.02 , system reliability R0= 0.995 * 0.995*0.995＝0.985. 
Set i=1, 2, 3 then compute separately with different value: 
   1) S’= S0 – [0.005, 0, 0] = [0.99, 0.995, 0.995], R’=0.98, T’= [44.77, 163.58, 127.67], C’=336.02    ∆C=45, ∆R=0.005, 
∆C/∆R=9000. 

                          TABLE 1:  COST AND RELIABILITY DATASET 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2) S’= S0 – [0, 0.005, 0] = [0.995, 0.99, 0.995], R’=0.98, T’= [89.77, 81.58, 127.67], C’=299.02    ∆C=82, ∆R=0.005, 
∆C/∆R=16400. 
 3) S’= S0 – [0, 0, 0.005] = [0.995, 0.995, 0.99], R’=0.98, T’= [89.77, 163.58, 63.67], C’=317.02   ∆C= 64; ∆R=0.005, 
∆C/∆R=12800. 
  Choose the optimal result 1), set S0=[0.99, 0.995, 0.995],continue to perform the same operation：  
   1) S’= S0 – [0.005, 0, 0] = [0.985, 0.995, 0.995], R’=0.975, T’= [29.27, 163.58, 127.67], C’=321.02, ∆C=15, ∆R=0.005, 
∆C/∆R=3000 
2) S’= S0 – [0, 0.005, 0] = [0.99, 0.99, 0.995], R’=0.975, T’= [44.77, 81.58, 127.67], C’=254.02   ∆C=82, ∆R=0.005, 
∆C/∆R=16400 
   3) S’= S0 – [0, 0, 0.005] = [0.99, 0.995, 0.99], R’=0.975, T’= [44.77, 163.58, 63.67], C’=272.02    ∆C=64; ∆R=0.005, 
∆C/∆R=12800  
Choose the optimal result 2), set S0=[0.995, 0.99, 0.995], continue to perform the same operation：  
   1) S’= S0 – [0.005, 0, 0] = [0.99, 0.99, 0.995], R’=0.975, T’= [44.77, 81.58, 127.67], C’=254.02, ∆C=45, ∆R=0.005, 
∆C/∆R=9000 
   2) S’= S0 – [0, 0.005, 0] = [0.995, 0.985, 0.995], R’=0.975, T’= [89.77, 54.25, 127.67], C’=271.69   ∆C=27.33, ∆R=0.005, 
∆C/∆R=5466 
   3) S’= S0 – [0, 0, 0.005] = [0.995, 0.99, 0.99], R’=0.975, T’= [89.77, 81.58, 63.67], C’=235.02    ∆C=64; ∆R=0.005, 
∆C/∆R=12800 
Choose the optimal result 3),set S0=[0.995, 0.995, 0.99], continue to perform the same operation：  
   1) S’= S0 – [0.005, 0, 0] = [0.99, 0.995, 0.99], R’=0.975, T’= [44.77, 163.58, 63.67], C’=272.02, ∆C=45, ∆R=0.005, 
∆C/∆R=9000 
   2) S’= S0 – [0, 0.005, 0] = [0.995, 0.99, 0.99], R’=0.975, T’= [89.77, 81.58, 63.67], C’=235.02   ∆C=82, ∆R=0.005, 

s.n
o 

r1 c1 r2 c2 r3 c3 

1 0.95 8.77 0.95 15.98 0.95 12.47 

2 0.955 9.77 0.955 17.80 0.955 13.89 

3 0.96 11.02 0.96 20.08 0.96 15.67 

4 0.965 12.63 0.965 23.01 0.965 17.96 

5 0.97 14.77 0.97 26.92 0.97 21.01 

6 0.975 17.77 0.975 32.38 0.975 25.27 

7 0.98 22.27 0.98 40.58 0.98 31.67 

8 0.985 29.77 0.985 54.25 0.985 42.34 

9 0.99 44.77 0.99 81.58 0.99 63.67 

10 0.995 89.77 0.995 163.5
8 

0.995 127.6
7 
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∆C/∆R=16400 
   3) S’= S0 – [0, 0, 0.005] = [0.995, 0.995, 0.985], R’=0.975, T’= [89.77, 163.58, 42.34], C’=295.69    ∆C=21.33; ∆R=0.005, 
∆C/∆R=4266 
all of the results R’ are less than the specified reliability target 0.95. Therefore, the reliability allocation in all  cases is as 
below: 

CASE (i): 

  1) System reliability allocation S0= [0.995, 0.995, 0.995]; 
  2) System reliability R0=0.985; 
  3) Expected system development cost C0 = 299.02; 
  4) Expected development cost assigned to each components T0 = [89.77, 81.58, 127.67]. 
CASE (ii): 

  1) System reliability allocation S0= [0.99, 0.995, 0.995]; 
  2) System reliability R0=0.98; 
  3) Expected system development cost C0 =254.02; 
  4) Expected development cost assigned to each components T0 = [44.77, 81.58, 127.67]. 
CASE (iii): 

  1) System reliability allocation S0= [0.995, 0.99, 0.995]; 
  2) System reliability R0=0.98; 
  3) Expected system development cost C0 = 235.02; 
  4) Expected development cost assigned to each components T0 = [89.27, 81.58, 63.67]. 
CASE (iv): 

  1) System reliability allocation S0= [0.995, 0.995, 0.99]; 
  2) System reliability R0=0.98; 
  3) Expected system development cost C0 = 235.02; 
  4) Expected development cost assigned to each components T0 = [89.77, 81.58, 63.67]. 
 
5. Conclusion  
Software reliability allocation to different sizes of  system components during software product design phase and 
implementation phase which has close relationship with software modeling and cost evaluation. We formulated an 
architecture-based style for showing software reliability optimization problem, on this basis a dynamic programming 
algorithm has been supported in this paper which can be used to allocate the reliability to every component so as to minimize 
the cost of designing software system components while meeting the chosen reliability independent. The result of our 
experiment display an optimal or approximate optimal solution to the problem   of selecting the various sizes of components 
comprising software can be obtained with lower cost (a high reliability). This paper helps to identify the combination or 
setting the reliabilities to each component maximizing reliability and lower cost. The reliability and cost allocation model 
presented in this paper can be used to solve the optimal allocation problems in simple and complex systems. 
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