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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 softwar e can be achieved with lower cost.
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1. INTRODUCTION

The Software architecture is composed of componentmectors, and configurations. Any software tguaent has
to go to the different phases. In design phasenteahlead or system architect will be involvingdesign the architecture of
the application. There are two different types esigns. First one is HLD (high level design) andosel one is LLD (low
level design).

Software systems have a significant influence andaily lives. If any HLD or LLD design softwareiliare is happened
during operation of software can lead to economogs land may even cause loss of human lives. Thatysunreliable
software is not acceptable and should be identifigtie starting stage of software developmentelLtite defects found ,the
higher the cost that needs to be paid for them.

The discussion of this paper takes the followimycdtire. Section 2 introduces software reliabifitjocation model.
Section 3 depicts find out the optimal allocatioathod by using a dynamic programming algorithect®n 4 illustrates
the application of the algorithm proposed in setBcand section 5 offers conclusion and future vasekpresented.

2. SOFTWARE RELIABILITY ALLOCATION MODEL

2.1. Software System Development Cost Minimization versus Maximizing Reliability Allocation

In fact, it is difficult to develop the softwarelibility while releasing the software system deyehent cost because they
are two inconsistent constraints. The inventdtivsoe development cost minimization can be meastnem two facts of
assessments. One is to find an optimal reliabditpcation method while achieving the given relipisuch that the
development cost can be as small as possible;thiee & how to allocate the reliability to each @mment on the basis of
the given cost so that the system reliability camiaximized. This paper focuses on the former one.

Several systems are executed by using a senhtefconnected subsystems. Reliability allocation maefixing the
reliability among different subsystems so that th&al system development cost (including human,enlt resources,
development time and testing time etc) can be mi@ch Reliability allocation can be used to plannivith such kind of
problem that the goal is set prior to the solutidormally the number of the solution is more thaie,cas a result reliability
allocation is used to deal with the optimal probleith some restrictions.

2.2 Software Reliability And Cost Model

It is reasonable to assume that the cost function f
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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 valueR;o

The third condition suggests that it can be vepeasive to achieve the reliability value of 1.
According to the definition of software reliability
rt)=eit --------mmmmommmm- 1)

where r(t) is continuous-time system reliabilityis its failure rate.
According to the experience from practical engimagrthis paper takes account of the factors byragsy that software

reliability and development cost
Satisfithe relations as below:

1).Software development cost is inversgipportional to the number of system failures.
[V O )

AXE e 3)

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

Taking assumption 2) into account,the equatiorcéd) be expressed as:

Wherea represents the complexity size for developinggbiware system and is called reliability cost iognt in this
paper.

In consideration of the operation in practical @egiring ,where personal training ,development tpmparation etc. we use
charactef to represent the basic development cost in thpgipa

Reliability cost model as below:

C)=e/In r+f  ----mmmmmmmmemmme- (6)
Equation(6) states the relationship between syst@ralopment cost and system reliability in our meipd

Given a system with many components,the reliabilftits component | can be also stated as:
C(R)=oy/In R+P;  -----mmmmmmeev @)

2.3 Softwareréliability model

Here we assume the software system has been ddsigran assembly of appropriated connected commnet there be
n components, each with reliability Ri and cogt=(@,2...n.let Robj be the specified target reliapiind the total system
cost.Let F(RR,....R,) be the function of R and;R

The software reliability allocation model can batstl as:
Objective function

Y 13— (8)
Subject to
{ r=F(rp,rp=-=-1y) >=Ropj 0<r<l  -----mmmmmeo- 9
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C=ZCFZ ﬁi-Zailln [ e (10)

If Bis simplified to O(zero).then eq(10) can be rénwg as:

C:ZCi:-Zailln fi (ll)

As for a software system with n sub systems or aosmepts within a given architecture ,the developnmstem will
increase while enhancing the software reliabilitsget. Significantly ,the greater improvement b teliability ,the more
increase of the cost will be required.

Such a problem can be resolved with variety medtesdi dynamic programming is an option.

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

A software system with n components and the associdunction F discussed above is known. The bdlig-cost
coefficienta of each component and the specified system rétiatsirget R obj is given.

The dynamic programming algorithm is as follows:
Step 1:
Let S represent the reliability matrix. e, ., 1], T represent the cost matrix [@,, ..., G], & be the solving step
length, li represent the matrix with one column an@ws in which only the value of the ith elemeni and the rest are all

0. Assume SO=[maxr, maxr, ..., maxr], maxr represé¢he maximized possible reliability, for exampl®3®9, which
means the initial reliability values of the compotseare all maxr.
Step 2:
As for SO, TO can be solved(11) €n be given by and system reliabilitydan be given by function F.
Step 3:
If Roy<Ryp; then stop and return. No solutions.
Step 4:
Set Rate=0;
Step 5:
fori=1ton
i) S'=5 - I*§;

i) With regard to S’, Generate reliability R’ with thenction F, T’ with (7), total cost C’

ii)AC=G - C; AR=R—R’;

iv) if R"> Robj andAC/AR >Rate then Set Rata€/AR , R=R’, S=S’, C=C’, T=T;
Step 6:

if RO£R then set &S; R=R; G=C; T=T;

return to step 4

Where reliability allocation resulty$s the reliability of each componenty Bnd G are the corresponding system reliability
and expected system development costs The expected development cost allocated to eactponent. Notice from the
above that prerequisite to the correctness of lperithm is that the decrease in reliability of ocemponent can result in
that of the whole system and lower the developroest. But that can be guaranteed in our algorithine &im of step 5 iv)
in the above algorithm is to select an optimal comgmt whose decrease in reliability can result lie tmaximal
cost/reliability variation, which makes the singlep programming optimized so that optimal religbiallocation of the
ultimate system is guaranteed.

4. Example and Result
Here we choose a system with three independent @oemts 1, r,, r;. We assume that all the components are

essential to the system and their failures arésttatlly independent. Therefore, the relationdbgtween the total system
reliability r and its components’ reliability ¢i=1, 2, 3) can be stated as: r = I; (5, I3) = ri* ry* r3 Suppose that the
complexities of the components are 0.45,0.82 a6d Gespectively. In order to minimize the systesmalopment cost and
the system reliability shall be no less than 0198y to allocate the reliability to each compone®¢t the precision of
computing is 0.005.
Such a problem can be rewritten as:

R=r{*r,*rz<0.95

C=-0.45/Ing
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C=-0.82/In
C;=-0.64/Ing
Compute the values of parametegs i r3) with which the total cost C (€c;+c,+¢3) is minimized.  With

respect to each component, we compute the costtétheliability from 0.95 to 0.995 (increment i©05) according to the
reliability/cost function model in the data setshown in Table 1.
According to the algorithm above, set initial st&e= [0.995, 0.995, 0.995]. Accordingly,FE [89.77, 163.58, 127.67],
8=0.005, and the system cos89.77+163.58+127.67 =381.02 , system reliabiligy B.995 * 0.995*0.995-0.985.
Set i=1, 2, 3 then compute separately with diffexetue:

1) S'= $ - [0.005, 0, 0] = [0.99, 0.995, 0.995], R'=0.98=T44.77, 163.58, 127.67], C'=336.02AC=45, AR=0.005,
AC/AR=9000.

TABLE 1: COST AND RELIABILN DATASET

sn| rl cl r2 c2 r3 c3

2 095 | 8.77| 0.95 1598 09 1247
2 | 0955 9.77| 0.95% 17.80 0.9%5 1389
3 0.96 | 11.02 0.96f 20.08 0.96 15.67
4 | 0.965| 12.63 0965 23.01 0.965 17)96
5 0.97 | 14.77, 0.97, 2692 0.97 2101
6 | 0.975| 17.77 0.97% 32.38 0.9Y5 2527
7 0.98 | 22.27, 0.98 40.58 0.98 31.67
8 | 0.985| 29.77 0.98% 54.25 0.985 42,34
9 099 | 44.77, 099 8158 0.99 63.67
10 | 0.995| 89.77 0.995 E:3L63 50.995 1?7.6

2) S'= § — [0, 0.005, 0] = [0.995, 0.99, 0.995], R'=0.98=189.77, 81.58, 127.67], C'=299.02 AC=82, AR=0.005,
AC/AR=16400.

3) S'=§ - [0, 0, 0.005] = [0.995, 0.995, 0.99], R'=0.98=189.77, 163.58, 63.67], C'=317.02AC= 64; AR=0.005,
AC/AR=12800.

Choose the optimal result 1), sgtf.99, 0.995, 0.995],continue to perform the saperation

1) S'= % - [0.005, 0, 0] = [0.985, 0.995, 0.995], R’=0.975; [29.27, 163.58, 127.67], C'=321.02C=15,AR=0.005,
AC/AR=3000
2) S'= § - [0, 0.005, O] = [0.99, 0.99, 0.995], R'=0.975, T44.77, 81.58, 127.67], C'=254.02AC=82, AR=0.005,
AC/AR=16400

3) S'= 3 - [0, 0, 0.005] = [0.99, 0.995, 0.99], R'=0.9757T44.77, 163.58, 63.67], C'=272.02 AC=64; AR=0.005,
AC/AR=12800
Choose the optimal result 2), sgEf®.995, 0.99, 0.995], continue to perform the samperation

1) S'= § - [0.005, 0, 0] = [0.99, 0.99, 0.995], R'=0.9757T44.77, 81.58, 127.67], C'=254.03C=45, AR=0.005,
AC/AR=9000

2) S'=3—[0, 0.005, 0] = [0.995, 0.985, 0.995], R’=0.975; [89.77, 54.25, 127.67], C'=271.6AC=27.33,AR=0.005,
AC/AR=5466

3) S'= % - [0, 0, 0.005] = [0.995, 0.99, 0.99], R'=0.975=1[89.77, 81.58, 63.67], C'=235.02 AC=64; AR=0.005,
AC/AR=12800
Choose the optimal result 3),sgt[.995, 0.995, 0.99], continue to perform the sameration

1) S'= $ - [0.005, 0O, 0] = [0.99, 0.995, 0.99], R'=0.975~144.77, 163.58, 63.67], C'=272.02C=45, AR=0.005,
AC/AR=9000

2) S'= 3 - [0, 0.005, 0] = [0.995, 0.99, 0.99], R'=0.975~189.77, 81.58, 63.67], C'=235.02AC=82, AR=0.005,
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AC/AR=16400

3) S'=%-1[0, 0, 0.005] =[0.995, 0.995, 0.985], R'=0.9T5; [89.77, 163.58, 42.34], C'=295.69AC=21.33;AR=0.005,
AC/AR=4266
all of the results R’ are less than the specifiddity target 0.95. Therefore, the reliabilityi@cation in all cases is as
below:

CASE (i):

1) System reliability allocationyS [0.995, 0.995, 0.995];

2) System reliability =0.985;

3) Expected system development cost@99.02;

4) Expected development cost assigned to eacpaoents TO = [89.77, 81.58, 127.67].
CASE (ii):

1) System reliability allocationyS [0.99, 0.995, 0.995];

2) System reliability =0.98;

3) Expected system development cost254.02;

4) Expected development cost assigned to eacpaoents TO = [44.77, 81.58, 127.67].
CASE (iii):

1) System reliability allocationyS [0.995, 0.99, 0.995];

2) System reliability =0.98;

3) Expected system development cost@35.02;

4) Expected development cost assigned to eacpaoents TO = [89.27, 81.58, 63.67].
CASE (iv):

1) System reliability allocationyS [0.995, 0.995, 0.99];

2) System reliability =0.98;

3) Expected system development cogt@35.02;

4) Expected development cost assigned to eacpaoents TO =[89.77, 81.58, 63.67].

5. Conclusion

Software reliability allocation to different sizesf system components during software product degibase and
implementation phase which has close relationshifh woftware modeling and cost evaluation. We fdated an
architecture-based style for showing software bbditg optimization problem, on this basis a dynanprogramming
algorithm has been supported in this paper whichbeaused to allocate the reliability to every comgnt so as to minimize
the cost of designing software system componentgewheeting the chosen reliability independent. Thsult of our
experiment display an optimal or approximate optisadution to the problem of selecting the vas®izes of components
comprising software can be obtained with lower dashigh reliability). This paper helps to identitye combination or
setting the reliabilities to each component maxingjzreliability and lower cost. The reliability arabst allocation model
presented in this paper can be used to solve ti@allocation problems in simple and complextsyss.
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