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The Analysis of Significance of the Reusability Decision
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ABSTRACT

Scftware reuse is a well-known method to increase the productivity of software, nevertheless it

1s not emploved well on real world. One of the important factors that this problem occurs is

programers’ distrust in the existing components. Therefore in this paper, to increase the reliabihty

of reusability decision,

decision metrics using Rough Set.

1. Introduction

Recently,  software’s  size  has  heen

increased more and more, and consequently

human resource and cost required to
maintenance software have been relatively
increased. To resolve this problem, many

researches about software reuse have been in

progress. Software reuse 1s a method that

reuse the existing software as part of the

new software.

Previous researches illustrated that the

software  reuse increased the  software

productivitv[5]. But, because of the following
factors, softwarce reuse i1s not emploved well.

First, because most of projects have the

restricted budget and development schedule,

programmers do not have enough time to

search and create the reusable softwares.

Second, programmers do not trust the codes

which others generate. Third, programmers
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we proposed a method which can analvze significance of the reusability

have  difficulties  of understanding and

adapting the existing codes. Fourth, the

standard system of the reuse management

and support does not exist.

To solve problems described above, many

researches have bheen In process,  which
dissolve users’ distrust by guarantecing
software’s quality or produce the standard
system of the reuse management and
support[11{31[9][10].

But most of existing researches about
guarantee of software quality measure the

software  reusability by combining  the

existing metrics or decide it based on degree

corresponded  to  the enumerated evaluation

criteria,

These researches don’t reflect how much
effect each metric has on  software’s
reusability decision and measurement. [t

means that some of factors may be more

important on deciding and measuring the

software reusability.

Therefore, in this paper, we proposed

—302—



method that can analvze an significance of

the  reusability  measurement  and  decision

factors  based on  rough set  theory. An

analyvsis of significance of them can increase
reusability

rchability ol the existing

evaluation models,

Rough set theory  provides  efficient
algorithms finding hidden pattern 1n data,
finds  minimal sets of data, evaluates
significance of data.  generates  sets  of
dectsion  rules  from  data, 18 easy  to
understand and offers straightforward

interpretation of obtained results[8].

In section 2, we describe and analyze the

existing reusability evaluation models

previously published and their problems. In

section 3. we describe method that evaluates
significance of data. In section 4, we analyze

and  produce significance of each decision

metric in the cexisting  reusabilitv  decision

model[8]. In section 5. we present conclusion

and future studies.

2. The existing assessment models

The reusability assessment mode!

determines whether software components can
he reused or  not several

using quality

The representative

MeCall's

measurement  metrics.
models are CARE system[3] and

Reuse Quality Factors[2].

2.1 CARE System

CARE system defines functional usefulness,
reuse costs and quality as the quality factors,
which Functional

affect the reusability.

usefulness includes the commonality and the

variety of functions performed by

components. Reuse costs arce the costs

extracting  the component from the old
svstem, packing it into a reusable component,

modifying it, and Integrating it into the new

system. The concept of quality includes
correctness, readabihity, testability, ease of
modification, and performance that are

important for component reuse. These were

measured by four metrics as following:

Halstead’s volume, complexity of module to
be measured by McCabe's cyclomatic
number, component regularity to be measured
by the closeness of the estimate to the actual
size, frequency the

reuse according  to

number of calls addressed to a component.

2.2 McCall’'s Reuse Quality Factors

McCall defines ‘gencrality’, ‘modularity’,
"self documentation’, "hardware independen-

cv’, and ‘software system independency’ as
the quality factors which have an effect on

the software reuse. Generality, which 1s the

most  fundamental  property, is called the
degree to be utilized not onlv for specific

application areas and domains but also for
general purposes. Since the basic unit of the
software reuse 1s module, each module should

have such fundamental conditions as

abstraction and information hiding and

furthermore, the maximum cohesion and the
minimum coupling. A modules to he reused
have nothing to do with other softwares and
hardwares to be executed. And for the reuse
of software components, it 1s

necessary  to

inform the correct function, usage, and

interface of modules.
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2.3 Problems of the existing models

CARE svstem measured functional

usefulness, reuse cost, and quality of modules

selected  for reuse, emploving four metrics.

NcCall's  reuse quality  factors measured

reusability. using the five metrics.

Reallv, we can not produce the software

that satisfy all the evaluation criteria and the

measurement  metrics  proposed by the

existing models. Therefore we have to decide

what measurement metrics are more

important. But the existing models can not
evaluate significance of them.

Therefore, mn this paper, we propose

method that can  evaluate and utilize

significance of them.

3. Rough Set Theory

3.1 Rough Sets
Rough sets proposed by Z.Pawlak can be

described as  approximate inclusion of sets

and 1s a new mathematical approach to

vagueness and uncertaintvlb]. Rough sets

concept can  be appled to automatic

classification. pattern recognition, learning
algorithms, etc.

In fig.1, an approximation space A 1is the
A=(U, R)

ordered pair where U is the

universe  and R is  an  indiscernibility
(equivalence) relation. If (x1. x2)E€R, x5 and
X are indiscernible in A. Equivalence classes
of relation R are called elementary sets. Any
finite union of elementary sets in A is called
a definable sets in A.

In rough set theory, elements which can be

with certainty classified as elements of X by

employing the given knowledge can be
expressed approximately by rough sets called
upper and lower approximation of X, positive,

negative and boundary region of X.

RY(X) = UIYEUMR : YNX» T}
R(X) = UYEU/R - YEX)
POSk(X) = R.X

NEGR(X) = U - R'X

BNp(X) = R'X - R.X

il

Fig.1 Approximation space A

In fig.1, each set is as following:

U = {E, Es ... Eis Ew!

RYUX) = {E), E. .., En. Bl
R«(X) = {Es, E7}

POSg(X) = {Es, E7}

NEG(X) = {Ew, Ei Eu, Ew!
BNp(X) = {Ei, .., Es Ex ... Ei}

3.2 Knowledge Representation

Knowledge is necessarily connected with

the variety of classification patterns related
to specific parts of the real and abstract
world. called the universe of discourse. These
classification pattern can be easily expressed
using decision table. Decision table, T=(U,
(C, D)) is Knowledge Representation System
with distinguished condition attributes(C) and

decision attributes(D)).
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3.3 Significance of attributes

If all elementary categories of knowledge C
can be defined in terms of some clementary
categories of knowledge D, knowledge C is
superfluous within the knowledge base in the
sensc that D provides all characterization of
C. This 1s

expressed by dependency  of

knowledge and as following;

| POS(D) |

k= y~AD)= _A|7*U|‘/ -————{cq.l)

[POSD)] © cardinal of POSc(D)

Ul @ cardinal of U
In decision table, some of all the given
attributes may have greater significance for
expressed by

decision-making.  This s

significance of attributes and as following,
Se = 7’(:(D) — Y- C'(D) s {eq.2)

4. Analysis of significance of the
reusability decision metrics

The Adaptable Reusability Decision
Modelt A-RDNMD[R]

[LOC(Lines

decide reusability,

combining of Code), cvelomatic
number, volume, difficulty and effort.

A-RDM chooses a houndary of above five
table.1,

metrics  as  like employing  the

evaluation criteria proven by many researches

and  experiments in  industry  studies. It
constructs  decision table as like table.l,
classifving 175 modules  within  run-time

library of C compiler using table.l.

Table.l Classifving criteria

TS criteria . . )
T~ VS LS . 1LC VC

imetric

CLOC | <50

50~100/100~150| >150

Cyclomatic, ‘ ‘ -
<10 1 10~20  20--50 | >50
Number
200~ 1 1000~
Volume <200 | ‘ >10000
ome 1000 10000
Difficulty <10 | 10~30 30~100| >100
| 150000~ 1100000 ~
Effort  <50000 ‘ >300000
rort o 100000 300000 |
note) V'S Very simple LS © Little Simple

LC : Little Complex VC : Very Complex

Table 2. Decision table for reusability

. decision ,
U a | b ¢ | d | ¢ |reusable
1 00 0100 ves
2 0 0 0 1 0 ves
3 01 0 { 01l 2] 01 ves
4 ‘ 0 I 0 1 0 0 1 ves
5 tlrlo 2000 ves
6 | 1 0 2 1 ves
7 1 1 01 0 ves
o) 2 1 1 2 2 ves
9 0O 1 0 210" ves
10 10 0 0] 0/ ves
11 2 2.0 21 2] ves
12 100 210 ves
13 11 1 22 ves
M1 00 2] 2] ves

< a=Lines of Code, b=Cyvclomatic number,
c=\olume, d=Difficulty, e=Effort >

In table2 C={a, b, c¢. d. e} is set of

condition attributes and D={reusable} is set
of decision attribute.
Significance of each attribute in table.2 is

as following.
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CPOSCD) = {1, 2.3, 4. 5.6, 7,8 9,10, 11,
12, 13, 14) |

{2.3.6, 11, 13}

(1,6, 7.8 10, 11, 13, 14}

(1,23, 4,5 6.7.8 9 10,

11, 12, 13, 14) |

(6. 8 11, 13, 14)

{1,2 3 4 7 8 9 10, 11,

13}

y D) = 14/14 = 1

1

I)()S(' (;x‘v(D)
POSc (D) =
POS¢ (D)

POSe (D)
POSL (c)(].))

1l

S = vy e wD) = 9/14
Sy = yeD)-rcemD) = 6/14
I Se= 7yeD-7c D) =0
Sa = veM=7calD) = 914
I Se = yeD)-7c D) = 4/14

Fig.2 Calculation of significance of attribute

Consequently, in A-RDM, significance of

each metric used to decide modules’

reusability is as like table.3

Table.3 Significance of each attribute
: .

Attribute a b |ci d e

0.4285

iSignificance 0.6428

0 |0.6428 | 0.2587 |

Table.3 illustrates that when A-RDM

decides modules’ reusability, volume is not

important and LOC(lines of code) and

difficulty is most important.

5. Conclusion

Software reuse is a well-known method to
increase  the  productivity  of
nevertheless it i1s not emploved well on real
world. One of the important factors that this
problem occurs i1s programers’ distrust in the

existing components.

software,

Therefore, in this paper, we proposed a

method which can analyze significance of the

reusability decision metrics, in order to

increase the reliability of the reusability

decision.
Analysis of significance of metrics has
advantages as following.

First, as the existing quality measurement

models  introduce and utilize it.  their
reliability can be increased.
Second, when evaluating effort of

understanding and adapting of the existing

software components, it can is used as

weight—value for evaluation.
A continued research about method that

can utilize the analyzed significance of

metrics rather than only propose it is needed.

Therefore, we continue researching the

method that can evaluate a degree of

reusability of the existing software

components emploving the significance of

metrics
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