196 IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 23, NO. 3, MARCH 1997

Response to:
Comments on “Property-Based Software
Engineering Measurement: Refining the
Additivity Properties”

Lionel C. Briand, Sandro Morasca, Member, IEEE Computer
Society, and Victor R. Basili, Fellow, IEEE

<+

1 INTRODUCTION TO THE RESPONSE

POELS AND DEDENE have correctly identified a few inconsistencies
related to the use of the union operator for modules of a modular
system we defined in [1]. We gratefully acknowledge their com-
ments, which show the increasing interest in the laying of theoreti-
cal bases for Software Engineering measurement.

We first show how the inconsistencies identified can be easily
fixed without any conceptual change or addition to the axiomatic
measurement framework proposed in [1]. Then, we discuss the
more complex alternative proposed by Poels and Dedene.

The problems in (1] are listed below. Points 2 and 4 are actual
inconsistencies, while points 3 and 5 are just redundancies. In
what follows, we first report the original text of [1]; then we show
how it should be corrected.

2 EXPLANATION OF FIG. 1—P. 70
Original Text

Union. The union of modules m; = <Epy, Ry> and my = <Epy, Ryy>
(notation: m; U my) is the module <Ep; U Epy Rini U Ry In Fig. 1,

the union of modules m; and m; is module m3=<{a, b, ¢, d, e, f, g,
i,j, k, m}, {<b, a>, <b, f>, <c, d>, <c, g>, <d f> <e, g>, <f, i>, <f, k>,

<g, m>, <i, >, <k, j>} (area filled with E N or
273

Modifications
Relationship <c, b> does not belong to the set of relationships of
module my, the union of modules m; and m,.

3 PROPERTY COHESION.4—P. 77
Original Text
PROPERTY COHESION.4: Cohesive Modules. Let MS’ = <E, R, M">

and MS” = <E, R, M"> be two modular systems (with the
same underlying system <E, R>) such that M”" = M’ -

{m], m3} U {m"}, with m] € M’, m} € M’, m" & M, and
m” = mj U mj. (The two modules m{ and m; are replaced
by the module m”, union of m] and m.) If no relationships
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exist between the elements belonging to m; and m3, ie.,
InputR(m}) M OutputR(m}) = & and InputR(m}) M Out-
putR(m]) = &, then

[max{Cohesion(m;), Cohesion(m})} > Cohesion(m”) |
Cohesion(MS’) = Cohesion(MS")] (Cohesion.IV O

Modifications

The additional condition "If no relationships exist between the ele-
ments belonging to mj and m}, i.e., InputR(m}) M OutputR(m}) =
@ and InputR(m}) N OutputR(m}) = &" is redundant. 1t is already
implied by the fact that m” = m{ U m}.

4 PROPERTY COUPLING.4—P. 78

Original Text
PROPERTY COUPLING.4: Merging of Modules. Let MS' = <E', R/,
M’> and MS” = <E”, R”, M”> be two modular systems such
that B = E”, R" = R”, and M” = M’ — {m}, m}} U {m"},
where m] = <E 1, Ry1> mj = <Ey, Ryyp> and m” = <E,
Rp>, with mj € M, m; e M, m” ¢ M, and E,» = Epyy v
Enz and Ry = Ry U Ry, (The two modules m{ and m)
are replaced by the module m”, whose elements and rela-
tionships are the union of those of mj and mj.) Then
[Coupling(m}) + Coupling(m} ) 2 Coupling(m") |
Coupling(MS") 2 Coupling(MS”)] (Coupling.IV) O

Modifications
The condition must be modified as follows.
Let MS’ = <E/, R’, M’> and MS” = <E", R", M”> be two modular

systems such that E' = E”, R"=R”, and M" = M’ - {m{, m;} W {m”},

where m| = <E, Ryyp> mj = <Byg, Ripo> and m” = <Epp, Ryp>,
withmj e M, m) € M, m”" & M, and Ey;- =Epy) W En and R,,- =
Ry Ryp U {<ey, &> € R | (e) € Eyyyand e € E,») or (e € E,,p and
e, € E,)). (The two modules m} and m;, are replaced by the mod-
ule m”, whose elements and relationships are the union of those of
mj and mj.)

If m” = m} U m}, then there would be no relationships in m”
connecting elements that originally were in m] and m;.

5 PROPERTY COUPLING.5—P. 79

Original Text

PROPERTY COUPLING.5. Disjoint Module Additivity. Let MS" =
<E, R, M'> and MS” = <E, R, M”> be two modular systems
(with the same underlying system <E, R>) such that M” =

M’ - {m}, m} U {m”}, with m] € M’, m, € M, m"” & M,
and m” = m} U mj. (The two modules m; and m; are re-
placed by the module m”, union of m{ and mj.) If no rela-
tionships exist between the elements belonging to m; and

m}, ie., InputR(m;) M OutputR(m}) = & and InputR(m3)

M OutputR(m;)) = &, then

[Coupling(m}) + Coupling(m}) = Coupling(m”) |
Coupling(MS’) = Coupling(MS") ] (Coupling.V) O
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Modifications

The additional condition “If no relationships exist between the ele-
ments belonging to m{ and m}, i.e., InputR(m;) N OutputR(m3) =
@ and InputR(m}) N OutputR(m}) = &" is redundant. It is already
implied by the fact that m” = m; U mj.

6 DISCUSSION

As Poels and Dedene point out, it is important that inconsistencies
be identified and removed. This will allow for a better under-
standing and refinement of the axiomatic framework proposed in
[1]. In turn, it will lead to a more rigorous definition of software
attributes and better measurement.

In their comments, Poels and Dedene have explored additivity,
one of the most important and studied property in measurement.
They propose the introduction of a new union operator for mod-
ules. They substantiate their idea by the fact that it is important to
discriminate between modules that are disjoint and modules that,
in addition to being disjoint, are not connected.

However, it is our position that we need to keep the set of op-
erators as small as possible, since this will make it easier for re-
searchers and practitioners to understand and discuss the proper-
ties proposed in {1] for different software attributes. That is why
we introduced only a few operators (union, intersection, empty
module, etc.) for modules, whose syntax and semantics were in-
tentionally kept close to the syntax and semantics for sets, for
which these operators are usually applied. One more union op-
erator would be redundant, i.e., it would not add much expres-
siveness to the module “algebra” defined in [1]. If needed, the new
union operator proposed by Poels and Dedene can be defined
based on the other module operators and set operators.
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