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Pr obl em St at enent

e Sone neasurenent nethods used in the
software industry are still not well
under st ood.

« Although these neasurenent nethods are
correctly applied by practitioners, there
remain anbiguities in their design and
correspondi ng i nterpretation.




Pr obl em St at enent

 MCabe Cyclomatic Nunber is one of these
m sunder st ood neasur e.

« McCabe Cyclomatic Nunber is often applied in
the industry, but it renmains sone
m sconception in the desi gn neasurenent
| tself.




Cyclomatic Nunber 1 n Gaph Theory

« Sonme definitions of Graph theory are
necessary to explain the McCabe Cyclomatic
Nunber .

* | ndeed, McCabe attenpts to apply sone
concepts of Gaph theory into Software
Measur enent .

W propose to better anal yze the M Cabe
Cycl omati ¢ Nunber.




Cyclomatic Nunber 1 n Gaph Theory

A Sinple Gaph is a (usually finite) set of
vertices V (or nodes) and a set of unordered
pairs of distinct elenents of V called
edges.
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A Cycle Gaph is a path that begins and ends
with the sane vertex.
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Cyclomatic Nunber 1 n Gaph Theory

 ADrected Gaph (also called a digraph or

qgui ver) isa(usually finite) set of vertices V and set of ordered
pairs (a,b) (where a, b arein V) called edges. The vertex aisthe
initial vertex of the edge and b the terminal vertex.

* A graphinwhich the edges are directed.
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Cycl omatic Nunber Iin Gaph Theory

« A Strongly Connected Graph is a directed
graph that has a path fromeach vertex to
every ot her vertex.
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Cyclomatic Nunber 1 n Gaph Theory

The Cyclomatic Nunmber of a strongly
connected directed graph is equal to the
maxi num nunber  of linearly 1 ndependent
cycles. Equation 1 gives the Cyclonmatic
Nunmber, v(GQ:

v(G)=€e- n+ p(l)

where there are e edges, n vertices and p
separ at e conponents.



Application of the Cyclomatic Nunber
| n Sof t war e

« MCabe suggests to consider the programas a
di rected graph.

e The programis nodeled as a control flow
gr aph.

« Each vertex in the graph represents a basic
bl ock. Directed edges are used to represent
junps in the control flow
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Application of the Cyclomatic Nunber
| n Sof t war e

 There are two specially designated bl ocks:

— the entry block, through which control enters the
fl ow graph

— the exit block, through which all control flow
| eaves.

e But, programcontrol flow graphs are not
strongly connected, but they becone so when
a virtual edge is added connecting the exit
node to the entry node.
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Application of the Cyclomatic Nunber
| n Sof t war e

V(G)=e- n+ p+1(2)

e The 1 added is the virtual edge.
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Application of the Cyclomatic Nunber
| n Sof t war e

e Furthernore, in a McCabe transposition, only
| ndi vi dual nodul es are taken i nto account,
| nstead of the whol e software.

e S0, Equation 2 becones:

v(G)=¢e- n+2(3)

 There i s always one di sconnected conponents.
So, p equals 1.
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Anal ysi s Franewor k
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e Analysis framework is made up of 5 steps: =
— Definition of nmeasured Concept a
— Conplexity Attribute :
— Units Problem -
— Definition of the neasured Entity :
— Interpretation in the Industry 3
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Anal ysi s: Measured Concept

Finally, based on Equation 3, MCabe
suggested a neasure of a program conpl exity,
| .e. cyclomatic conplexity, which he

I nterpreted as the anount of decision |ogic
I n a single software nodul e.

Moreover, the Cyclomatic Nunber of a control
flow graph is considered as a Cyclomatic
Conpl exi ty Nunber.
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Anal ysi s: Measured Concept

Now, while wusing the term ‘conplexity’', a
definition of 1t, of the attribute itself,
or of his direct characterization is not

provi ded.
This approach is basically a mapping of the

concepts selected from graph theory into a
certain view of software as a control flow

gr aph.
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Anal ysis: Conplexity Attribute

By adding the |abel ‘conplexity’ to the
expression ‘ Cyclomati c Nunber’, MCabe | eads
the reader to believe that the attribute he
considered is the conplexity of a source
code program but does not explicitly
docunent this claimby association.

|s this claimby association relevant, and
val i d?
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Anal ysis: Conplexity Attribute

It Is necessary to explain the assunption
related to the applicability of graph theory
concepts, such as cyclonmatic conplexity, in
t he software neasurenent.

It could be of interest to ensure that this
assunption does not inply sone risks when

t he neasurenent results are used in the
context of planning a testing effort or of
estinmating error rate.

18



Anal ysis: Units Problem

e A proper rewiting of (2) taking the units
I nto consideration would lead to (4) Instead
of (3), that is:

V(G)independentcycle — eedge _ nnodes + pconnectedcomponents + 1virtua| edge(2)
becones:

V(G)lndependenk:ycle — (e + 1) edgetvirtualedge _ r.'nodes + pconnectedcomponentS( 4)
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Anal ysi s:

Units Problem

e Wiich is the commbn concept between the
|tenms of Equation (4) that allows to add

t hem each
e O course,

ot hers?
adequate interpretation of units

I n equation (4) remains an issue.
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Anal ysis: Definition of the neasured
Entity

The entity neasured by the Cyclomatic
Conpl exity Nunber is a control flow graph.

According to McCabe, the neasured entity is
t he source code of a given nodul e, which
corresponds to a function or a subroutine.
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Anal ysis: Definition of the neasured
Entity

But, do graphs correctly represent the
source code entity in order to neasure its

Cycl omati ¢ Nunber ?

I n other words, is the assunption concerning
the one-to-one relation of a given nodul e
source code and its correspondi ng graph
verified?
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Anal ysis: Definition of the neasured
Entity

One source code of one nodule is related to

one and only one graph. But the contrary is

not necessarily true; that is, one graph can
be related to one or nany source codes.

So, It is not obvious that the final source
code corresponds to the neasured graph.

Mor eover, M Cabe suggests to use this
Cyclomatic Nunber in order to plan the
testing effort.

23



Anal ysis: Definition of the neasured
Entity

Anot her point discussed is the ‘virtual

edge’ added to the control flow graph in
order to obtain a strongly connected graph.
But doesn’t adding a virtual edge nodify the

nature of the entity considered, i.e. the
source program ?
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Anal ysis: Definition of the neasured
Entity

e The justification of this virtual edge is as
foll ows:

— It is not just a nunerical convenience.
Intuitively, it represents the control flow through
the rest of the programmng in which the nodule is
used [ WAT96] .
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| ndustry Interpretation

Conplexity can be used directly to allocate
testing effort by |everaging the connection
bet ween conplexity and error to concentrate
testing effort on the nobst error-prone
sof t ware [ WAT96] .

Thi s assertion by McCabe has | ed to
general i zations such as: ‘*The hi gher t he
Cyclomatic Conplexity Nunber, the higher the
error rate’ derived from the MCabe assertion
that a relation exists between the Cyclomatic
Nunmber, relabeled ‘conplexity’, and the testing
effort. O course, the expressions ‘the higher
the error rate’ and ‘the nobst error prone’ are
clearly not placed on a ratio scale, but at best
on an ordinal scale.
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| ndustry Interpretation

A conplexity neasure correlates wth errors
| n software nodul es [ WAT96] .

Again, this statenent has |led wusers of
McCabe’ s Nunber to associate a snmall nunber
of errors wwth a | ow Cyclomati c Nunber.

— However, a coefficient of correlation (r) between two given
variables X & Y does not neasure any causality relation
bet ween those variables. A coefficient close to 1 does not
mean that one variable inplies the other, it sinply
expresses the fact that the two variables vary in the sane
di rection.
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| ndustry Interpretation

Mai nt ai ners can keep mai nt enance changes
from degrading the maintainability of
software by limting the Cyclomatic
Conpl exity Nunber during a nodification
[ WAT96] .

The sane comments as those above apply.
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Concl usi on

Artificially labeling the Cyclomatic Nunber
as a ‘conplexity’ concept has led to

consi derabl e anbiguity on the use of this
Nunber as a nmeasurenent nunber rather than
as a qualitative enpirical nodel which
varies according to the enpirical contexts.

Thi s paper highlighted a key probl em of
measurenment units:

— Rel ated concepts have not been either adequately
expl ored or adequately explained. Wthout such
knowl edge and insights, it is difficult to inprove
such a design.
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