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A new melhod for soltware producls’ quality (SP) evalualion
ls proposed. It Is based on known, relined or newly
developed classificalion methods. Several well-known solt-
ware products ol a given lypo are describod by using a
binary scale for a set of characlerlstics. These SP aroe then

distributed Into a few classes of quality. Classiflicalion .

melhods are used to delermine which Is the appropriale
class for each new SP, described In the same way.

1. INTRODUCTION

As is well-known, the production of software has been
developing for several decades. Some aspects of this
production have alrcady been theoretically explored. But
the specific task of sofltware-quality cvaluation is a
relatively new problem of great importance.

Up until now, the methods for quality evaluation of

soltware products (SP) have been based on the weighted
sum ol various measures that assess the degree to which
certain characteristics exist in the program [1].

software quality we mean a sct of characteristics of the

software product or service that shows their capacity to .

satisfy certain needs [2, 3]. When the number of the
characteristics is low, the final sum is obtained easily,
but is not precise. When the characteristics are numer-
ous, they are often broken down into more clementary
onces, and therefore many calculations are necessary in
order to obtain the final sum step by step. In this case,
the evaluation is more exact but the procedure is more
expensive and time-consuming. The result depends on
the particular scores as well as on the accepted weights,
and since both are determined by experts, a strong
clement of subjectivity is introduced. It should also be
pointed out that it is rather difficult to join all elementary

scores into a final one, and this is why, sometimes, only
separate scores on several characteristics are given and

compared in the form of charts, diagrams, ctc.
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Our purposc is to propose. a new method that is
simple, inexpensive, and sulliciently precise. We fccl
that the existing, concept of good product quality is based
not so much on a high rating of the evaluation function,
but on positive comparison results with the best products
of the same type. Very often the important thing is not to
get a precise rating, corresponding to the product
quality, but to get an approximate evaluation whether to

accept or to reject the product. Hence, it is likely that the

~ decision to be made will be based on past experience,

and _ therefore classification methods for solving the
problem of SP quality could be applicd.

O
2. THE METHOD PROPOSED

Obviously, only software products of the same type
should by compared. 'The simplest way to start the
evaluation is to assign each characteristic either 0, il the
pm(]u(.t does not posscss the considered property, or Lil
it docs. In cases where there is a lack of information, itis
also possible to assign a third value—designated by
o

~ Letus suppose we have several well-known products.
We assign the values (0, I, or in some cases x) to their
characteristics, which have been determined and fixed in
advance, We shall call these products “‘samples’ or
“standards.”” We divide these standards into several
classes depending on their quality (e.g., “‘excellent,”
“good,"" and “‘poor,”” or only “‘good’ and “‘poor™).

" Whenever a new product is to be evaluated, a 0, 1, or x

is assipned to cach of its characteristics on the basis of an
unambiguous procedure. We then try to link the new
product to one of the alicady delined classes, thus

obtaining a quality evaluation for it, by applying

(feprésented by the 0-1-x

information
veetors)., The
possibility of distributing the standards into classes using
a formal procedure shall not be considered. Only the
experience and judgment of experts and users as well as

standards

classification methods on the
“haseline

213

OIG-1212/89/83 .50



214 .

Tuble 1.
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Charncleristics
UStandards'? 1 2 3 4 5 6 7 B 9 ) 11 12 13
1 =1 | | 1 1 1 | 0 1 1 | 0 1
Vil | | 0 1 X 1 0 I 0 0 0 0
Il 1 | | | 0 1 1 0 0 | 0 | [}
v 1 1 I 1 0 1 1 I 1 I = [ 1 0
Vil 0 1 0 0 1 1 1 X 0 0 1 X 0
v 0 (0 | 0 0 0 0 0 0 x 0 0
1X 0 1 0 | 0 . 1 0 1 0 ¥ X X 0
X 0 0 0 I 0 0 0 1 0 e X x 0

other pertinent information, if available, are taken into
account. This obviously introduces a certain degree of
subjectivity which however is on a different level
compared to the subjectivity of the **classical”” methods,

3. THE MATHEMATICAL MODEL

Let M be a set of objects. M is divided into subsets, Ky,
Ky, +++, K,, called classes so that M = UK, K; N K,
= Qfori # j. The class K is represented by the objects
Smg_y + I eman Simgs which we shall call standards or
samples (mg = 0, my = m). The description of every
object is given by the values of n characteristics: s
(an, @iz, =y aig)lori = 1,2, m,and a; € {0, I,
x}, where O denotes that the characteristic is missing, |
denotes that it is present, and x denotes that no
information about this characteristic is available. The
(ic'scripiiun ol the standards s,, 53, ***, S, grouped in
classes, delines the teaching table 1),,,. This table is
acceptable if there are no identical rows in the different
" classes. Using the table T, and the desciiption of a
new objects = (ay, ay, **+, a,), the teaching algorithin
A determines which class the new object s belongs to, In
somie cases, the alporithm could reject any classilication,
One ol the existing types ol alporithimg wases the so

called  combinational logical approach in which the
central notion is the “terminal test.” Many such
algorithms that use different heuristics and are bascd on
some measure of adjacency’” and some voting proce-
dures [4] have been developed.

We shall call “‘test”” of 1, a subsct of columns of
Tinsy Such that every two rows of 7T,,,,, including only
these columns, are different, if they belong to different
classes. A “terminal test’” is a test, no subset of which is
a test. Terminal tests of T, in Table 1 are {7, 9}, (1,
3, 5}, cte. The number of tests grows exponentially with
the number of characteristics. Therefore, itis acceplable
to tind out all terminal tests for only a limited number of
30. mathematical results

characteristices, e.g., Some

about | 7| are available [5], but they are in lact not
applicable because of their asymptotical character. Let
us denote the set of all terminal tests of 17, by 7, where
| 7’| = 7, and the set of all terminal tests, containing the
column 7, by T;, where | 7] = 7;. The determination of
all terminal tests of a given 7, is a purely combinato-
rial task [4].

We have applied two algorithms for the S quality
evaluation, Generally speaking, with the lirst one we ate
looking for a maximal matching between the new object
and the standards of a class, whereas with the second we
look for a minimal dilference.

The A1 algorithm realizes a voting |m')ccdu:c. Let jy,
Jay * 0, Jx be the characteristics, forming a terminal test,
Then the mean number of votes, given by the representa-
tives of the class g for the new object s, is calculated by
the function: '
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The new objects belongs to the elass which o piven the

ita, =ay,=00r a; =a;,=1
else

maximal number of votes—il this maximum exists and is
unique. Otherwise, no decision can be taken,

“The A2 algorithim finds out the differences bhetween
the new object s and the representatives of every
particular class with respect to every characteristic. The
mnumber of matches delines a “'distance’” as a weighted
sum. The weight of each charactedistic is calculated as
the part of those terminal tests that contain this charac-
tetistic: py = 7;/7. The distance is expressed by
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where *“**'" is the operation:

* 0o 1 x
0 : 0o 1 0
| 10 0
X o 0 0

The new object s belongs to the class for which d(s) has
aominimal value—if this minimum exists and is unique.
Otherwise, no decision can be taken.

It should be pointed out that the task would have been
far casicr, il the **baseline'” vectors were in some sense
monotonous. If such was the case, it would have been
possible to only use some kind of a very simple measure
for distance instead of the terminal tests and the
proposed algorithms. Unfortunately, the interrelation
between the chavacteristics of real SP is far more
complicated.

4. EXPERIMENIS

As an experiment, we sclected a set of payroll program
products, using the documentation available at the
National Libiary of programs in Solia. We designated
the “'standards™ by I, 11, <+« XIl and determined the
baseline vectors by using information obtained from the
documentation and from a few interviews with users and

- experts. We started by delining 30 characteristics. In the

final analysis, only 13 appeared to be of any importance
for our experiment. Some characteristics were cancelled
as inappropriate (e.g., “optimal method'"). Others got
the same value for all objects (i.c., SP). Out of the 22
characteristics that remained (sce corresponding table
s in Table 1), nine (marked by an asterisk in Table 2)
did not take part in any terminal test and are therefore
not_included in the classilication procedure. There is
thus no need to assign any value to these nine character-
istics for any new SP, this simplifics the task of the
expert assigning the values, and significantly reduces the
computing time for the classification. The fact that the
nine characteristics are cancelled does not mean that
they do not influence the SP quality—but only that they
do not participate in the algotithim in this particular case.

It is advisable to keep table 75, up-to-date. Il some
new SP ol the same type is implemented on a large scale,
it should be included in the table. A recalculation should
then follow, and it is quite probable that the sct of the
terminal tests will change. We carried out numerous
experiments to this effect—replacing a baseline vector or
adding a new one—but no substantial change has been
noticed. This could be explained by several factors, the
most important of which is the relative stability of the
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Tuble 2.

Number HH Clunncteritic

1 Minimal input
2 Simplicity of inpat coding
L Tnpuit verilication
v q Machine fodepemdence
5 Depiee ol ||_||!|:4||:Jliu|1
0 Applicability when conditions change
* T Readability of souice text
8 Optimal diata organization
9 Iationality
10 - Exeeution speed
I Product independence
12 Fase of running
*1) Fase of leamning
14 Moduluity
15 Precisencss
* 16 Reliability
* 17 Availability of common control block
* I8 Common memory used
19 Interlace possibilities
*:20 Availability of comments
21 Availability of mnemonics
22 Drata protection

characteristics of the type of SP that was used, We aire at
present teying to formulate a number of recommenda-
tions that the user should Tollow, but it is alicady clear
that the maximal number of characteristics when using
an IBM/PC/XT should not exceed 28, and the optimal
number of “*standards™ is 8-10.

In carrying out an experiment, the standard SP were
divided into 3 classes: perlect, good, and poor, The 22
characteristics are listed in Table 2. A new SP with the
description

(1,0,0,0,1,1,0, 1, 1,0, x,0,0)

is classified as the first class by both Al and A2,
obtaining yy = 3, 33 = 0, yy = 0, and dy = 1.027, d,
= 2,306, dy = 1.928. In some rare cases, the results
obtained by A1 and A2 may be different, due to “x™" —
s, which are treated differently by Al and A2,

~In further developing the method proposed, it is
possible, at least in the case of some of the characteris-
tics, to assipn not only 0, 1, and x to each characteristic,
but also a nomber from the set O, 1, 2, -, k.
Obviously, & should be reasonably small - otherwise our
method will begin to resemble the classical methods-—
with all of their inconveniences. A lew other alporithms
have been developed in addition o Al and A2, All
methods proposed have been implemented on a main-
frome and on IBNM/PC,
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