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ABSTRACT: This paper describes the
fundamental ideas of our present project -
the Software Measurement Laboratory - as
a method of metrication of the object-
oriented software development. The
underlying measurement framework starts
at the first step of the software devel opment
(the problem definition) and measures the
metric mutations in the object-oriented
paradigm of Coad/Yourdon and the
implementation in Smalltalk and C++. The
object-oriented software development was
described with development indicators.
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1. Introduction

The use of a new software development
paradigmin general starts with a lot of

persuasive (but not proved) hypotheses.

Therefore, from the software engineering
point of view the goal of the measured
object-oriented software development
(OOSE) can be characterized as:

1. the understanding of the special
development method or paradigm,

2. the measurement based method
comparisonandthe controlledsoftware
developmentprocessin the manner of
the Capability Maturity Model of the
Carnegie Mellon  University in
Pittsburgh.

Therecent worksin softwaremeasurement
for object-oriented software development
can be shortly characterized as

o gtatistical analysis by Rocache
/Rocache 89/ of elementsof an object-
oriented developmentsystem (Smalltalk-
80), or by Szaboand Khoshgoftaarof a

C++ communicationsystem(/Szaboet al

95/),

* metrics set definitionsby Abreu/Abreu

et al 94/ for C++ with the two vectorsthe

category (design, size, complexity, reuse,
productivity, and quality), the granularity
(system, class, and method), by Binder

/Binder 94/ in a set of C++ metrics to

measurehe encapsulationthe inheritance,
the polymorphismand the complexity, by

Arora et alfor thereal-timesoftwaredesign
in C++ (/Arora et al95/), andby Lorenzas
a metricssetthat can be usedfor both lan-

guages (C++ and Smalltalk, /Lorenz 93/),
» metrics for aspect measuremenby Ott

et al of the classcohesion(/Ott et al. 95/),

or by Bieman or John of the reuseability
(/Karunanithiet al93/, /Johnet al95/), and

by Lejter of the maintenance/Lejter et al

92/),

» information theoretical approachesin

the measureof the conceptualentropy by

Dvorak /Dvorak 94/ or in the cognitive

approachby Henderson-Sellerst al /Cant
et al 94/ with the landscapadeaalongthe

methodroutesor the learnability aspectdn

the use of classlibraries (/Lee et al 94/),

and
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94/ as an apporachof a metrics definition
basedon a measurementheoretical view
(with a viewpoint as empirical attribute),
the extension®of thesemeasuredy Li etal
(/Li et al95/), the analysisof Churcherand
Shepperd(/Churcher et al 95/), and the
investigations of Zuse (/Zuse 94/).

Theseand the other conceptsare first
stepsin a global measuremerapproachor
the object-orientedsoftware development
and are missing (see also /Jones94/) the
evaluationof the continuity of the object-
orientedsoftwaredevelopmenprocessthe
object-orientedanalysis(OOA) O object-
oriented design (OOD) [0 object-oriented
programming(OOP) and the possibility of
the reverse process (!).

2. The
Framework

OOSE Measurement

2.1. Thegeneral approach

The principal ideas of this measurement
framework are given in /Dumke et al 94/
and are relatedto the object-orientatiorto
understandand to quantify the chosen

method. A standardizedmetric set for

OOSE does not exist (only a metrics
definition standard /IEER3/). Therefore,jt

iSs necessaryto define metrics and to

analyse them. Thealidationproblemis the
main problem irthe applicationof software
metrics (see the figurgbove).The software
measuremenis directedto the three main

components in the (object-oriented)
software development(see also /Fenton
91/)

» the process measurement for under-
standing, evaluation and improve-
ment the development method,

» the product measurement for the
guantification of the product
(quality) characteristicsand vali-
dation of these measures,

* the resource measurement for
evaluate the support (CASE tools,
measurementtools etc.) and the
chosen implementation system.

Somemain ideasand someshortresultsof
an application on the Software Measure-
ment Laboratory of the University of
Magdeburg (SMLAB) are given in the
following (see also in the WWW in
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http://irb.cs.uni-magdeburg.de/
se/metrics_eng.html).

2.2. TheProcess Measurement

The chosen OOSE method is the
Coad/Yourdon approach (described in
/Coad et al 93/) and begins with the
transformationof the problemdefinition in
a graphical representation with an
underlying documentation. The
documentationstores all information that
cannotbe presentedin the drawing. The
drawings (also possiblein some variants)
andthe documentatiorconstitutethe OOA
model. In a first evaluationof this method
we can establishas goals of the process
measurement and the realized activities:

How can we measure the object
definition process?This questionleadsus

to the first step of the software development

- the problem statement. We need a
computationaktoredproblemdefinition to
measurahe objectdefinition. The SMLAB
problem definition must be presented &bir

members of the software engineering team

Ol \ <HTML>
<HEAD> <TITLE> project title </TITLE>

</HEAD>
<BODY>

Ol ___—>» <H1> section title </H1>
text with different fonts
ol / with names and notions
/ with dates
Gllg / with picture relations
Gl /];L> <DT> ... description ... </DL>
. / <A HREF="file.html"> file contents </A>
Hr <UL> or <OL>
ou <LI> list elements
4 </UL> or </OL>
Ope /

Gp.s </BODY> </HTML>

and the documentitself is an essential
sourcefor manyoutputssuchasmilestones
in the differentinvestigationspverviewfor
some administrations. Therefore, we
decidedto usea local net html file set of
the World-Wide Web asa living document

system. The elements of our problem
statement are a
 list of contents as
— problem description,
— constraints,
— given situation,
- functional requirements,
— managementrequirements(control-
ling and quality) and a
 list of components as
— notions, names,
— dates,
pictures, and
(hypertext) relations.

The process measuresfor the problem
definition are (in a first step)

* the number of notions, names or titles,
» the number of dates (times and events).

The measuremutation was analysed,for
example in the problem definition
(#notions/namedp the numberof the class
definitions in the model and in the
implementation Further measurementare
relatedto the adjectives/predicateimto the
classattributesor variables,verbs/adverbs
into the class services or methods and
dates/constraintt;ito the model documen-
tation and implementation.

We can establish the relation of 4600
notions (namesor titles) into 76 object
classesNote, that a lot of notionsin the
problemdefinition are instancesof the de-
fined classesSo, we get thespecification
indicators as

class definition indicator (CDI) as
number_of notions
number of defined classes

attribute definition indicator (ADI) as
number of adjectives or predicates
number of defined attributes
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service definition indicator (SDI) as
number of verbs or adverbs
number of defined services
Our project has the indicator values:

CDI = 0,02,
ADI = 0,03,
DI = 0,06.

How can we measure the OOA/OOD

model itself? The mainstepsin the object-

oriented analysis are

1. Finding classes and objects,

2. ldentifying structures(class structure
(Gen-Spec) and Whole-Part structure),

3. Identifying subjects(as “view” of the
class structure defined in framed
areas),

4. Defining attributesof the classesand
the object connections,

5. Defining servicesof the classesaandthe
message connections.

The documentatiorcontainsall information

thatcannotbe presentedn the drawing.The

drawings (also possiblein some variants)
and the documentationachieve the OOA

model. The OOA model must be “open”

for the measurementhis is given because
the OOSECASE tool - the ObjecTool- is

based on a

Ny
~

i documentation

sm, class name

|| » attributes

services
/ ’ P

L

sm,
tm,

S'(I'l8

1
\ subject
tm,

tmg tmg
file setfor the graphical models. So, the
measurementtool OOM (Papritz, 1993)
was implementedto measurethe OOA
model. The evaluation of the OOA step

prove the missing inheritancedocumenta-
tion andthe small critique that is only di-
rectedto an object/classsymbol. Further,
the estimationof effort, costsandquality is
not possiblein this developmentphase(a
generalproblemin the OOSE). The OOD
step ensuresa full cintinuity to the OOA
step. The development phases in OOD are
1. Designing the problem domain
component (to achieve further
requirementsand specialaspectof the
programming system),

2. Designing the human interaction
component,
Designing the task management
component,
Designing the data management

component

But, the basis model in the mainterance
phaseis the OOD model. So, we do not
have a method independentspecificdion.
We have”implemented” 38 classe®f 114
classesn the OOD modelin therealization
of the softwaremeasuremenlaboratoryin
the design phaseas organizatorialorders.
So, we have thdesign indicators as

class modification indicator (CMI) as
number of organizational classes
number of all designed classes

attribute modification indicator (AMI)
as

number of organzational attributes

number of all designed attributes

service modification indicator (SMI) as

number of organizational services
number of all designed services

Our project has the values for these
indicators

CMI = 0,33,
AMI| = 0,48,
SMI = 0,21.
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The OOD phase does also missing the
relationto the object-orientedmplementa-
tion (programming) system. So, some
browsing activities are necessaryin the
OOPsystermin the OOD phase Therefore,
we have implementedthe OOC tool for
browsing in the Smalltalk class library
(/Lubahn 94/).

How can we measure the OOP system?
The developmentstepsin the OOP phase
include

1. Implementationof "model“ as main

object (under the root class in the

object-otiented programming system),

Implementation of the concrete model,

Extensionof the object-orientedsystem

with new classes/objects,

4. Extension the object-oriented system
with the new methods (a&$assmethods
and instance methods; with class
variables and instance variables),

5. Modification of existing classes or
methods,

6. Testing of the

w N

object-oriented

application with the designed scenarios.

Here we must choosespecialOOPsystem
or a OOP language. The ObjecTool is
developedor C++ or Smalltalk imple-

mentations. The evaluation of this phase in-

M, M,

countAllSubclasses : aClass
'count all subclasses and point it into a stream'
| subs |
subs := aClass allSubclasses.
M, 'without the metaclasses'
subs := subs reject [:sub |sub isMeta]. \

/ " subs size M,

<N

M,

dicatesthat the OOP [0 OOD directionis
not possible here. So we introduce
maintenanceproblems at the beginning.
The knowledge of the existing OOP
systems or librariess the main effort for an
efficient OOSE.

Notethatthe measuresn this development
phase would be added by the code
measuresFor the quality measuremenof
the process we use the development
complexity (see/Dumkeet al94/) assetof
the used methods and tools and their
structure. Other measures (performance
etc.) havenot been included in this first
approachfor the developmentcomplexity
evaluation. The measurementools were
implemented in the same method and
programming language to reduce this
development complexity. We have
implemented a C++ measurementtool
(/Kuhrau 94/) in C++ and a Smalltalk
measuremenextension(/Heckendorf95/).
We implemented36 classes(as metrics
definitions)of the116 classesn the OOD
model that incudesthe metricsset. So, we
have asmplementation indicators

class implementation indicator (Cll) as
number of new implemented classes
number of designed classes

attribute implementation indicator (All)
as
number of new implemented attributes
number of designed attributes

service implementation indicator (SI1) as
number of new implemented services

—Tumber of designed sarvicess

Theseindictaors for our project give the
values

Cll = 0,31,
All = 0,51,
SI =0,22.

The given description of the process
measurements a good example for the
method understanding.We can see the
essentiabpproachto analysemeasurement
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in thedirectionof thet, m, andM measure
mutation.

Somemissingtools for the completion of
an measurabl®© OSEmethodon this basis
was designed and implemented.

2.3. TheProduct Measurement

The defined measuresfor the problem
defintion (as html document set) are

» length of the document titlesy,),

» average length of all headlines),

» length of the document in Bytesy(),

» count of words in the documerat(),

» average length of words|l,),

» maximal length of wordsofs,),

* number of bold or italic words(1,),

* number of notions, names or titles.y(),
* number of dates (times and events)

(W),
* number of lists (UL, OL, DL)d,,),

and the structure based measures as

» averagenumber of words in the lists
(61),

* number of HR lines@,),

» averagenumberof list elementg(in UL

or OL) (B,

» averagenumberof list elementsin DL
(C/IHE

* maximal numberof the depth of the
lists @OL,),

* number of hypertext relation8|{,),

» average length of the loaded fildsu),

» averagedistance of the datesto the
actual datef,).

Further measures are the summarized
numberaboutthe whole problemdefintion.

The most of these measures are ratio scaled.

An implementationof a measurementool
to measurethe problem definition (PDM)
was necessary (/Foltin  95/). The
measuremenvaluesfor the SMLAB were
presentedwith the EXCEL tool. Three
examples of the measurement value
presentatiorare the number of notionsin

all partsof the problemdefintion document
set

Nt o rdias archames
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the chosen measures for all
documents of the problem definition
(as an example of the limited facilities

of the EXCEL tool for the
presentation of the full details)
0
9 O smi
8 Dsne
7
6 B svgncom
5 B srnao
4 Bsno
3
2 1 se/10
1 8 snvpo
0 Bsns
B so/10
s9/10
3 smioo

and the measurement values of one
document about the experiment
duration of three weeks. It is good to
see the fiew changement in the
measure period. This was the reason
to define the future measurement
activities in a monthly form. The
measures give also an overview about
the synchro-nized activities of our
team.

'In these figures the measures O was
substi-tute with the namem.

www.manaraa.com



/ o o -
o
B IR ‘:><z e == .. o0 g
6 xoxox

/ © B
5x X X X °  smiIm

X ox

& smoI0
3x  x ox ox x x x x x x x x x x R

° 5810

X smi0

s p0—0o o o o—0O0 o0 o0 o 0—o o o

mmmmmmmmmmmmmm

The evaluationof the product quality in
everydevelopmenphaseis definedas (see
also/ISO 9126/) comprehensibility clarity
and usability for the problemstatemenin
the basis of the measuresuse frequency,
availability, size and structure. The
correlations between the empirical
measures and the indicators are

e readability: op,, o, oW, OW, OW,,
By, 6y, By, Oy,

*  MNemonics:ay,, Ol,, O, B,

o clarity: op,, O,

» correctness:y,,

e useability: 8y, 6,

* layout: o, B,
The “measurement” of the empirical
aspectswas made by an expertiseof the
teammembersasan evaluationin an order

scalefrom “low” (1) to “high” (5). The
results of the empirical evaluation are

criteria value
readability 3
mnemonics 4

clarity 3.75
correctness 4

useability 4,75
layout 4

Unfortunately, we couldn’t prove these
correlationsin the measuremenphase of
three weeksin a convincedmanner- but
also not the opposite fact.

The measures (indicators) for the
OOA/OOD model are

* number of abstract classes (m

* number of object classes (3m

» total number of attributes (gm

» total number of services (g

* number of object connections ($m

* number of message connections jsm
* number of subclasses (3m

* number of subjects (sin

and the structure based measures

» averagenumber of attributesper class
(tm)

» average number of services (fm

» averagenumber of object connections
(tm,),

» averagenumberof messageonnections
(tm,)

* maximum depth of the inheritance (Jm

The main measurementaluesfor the OOA
model are

measure| value measure| value
sml 1 s 63
sm2 76 tml 2,57
sm3 195 tm2 0,83
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All measures excludedthetm, - areratio
scaled.

The empiricalevaluationof the OOA/OOD
model was founded on the

e completenes,
» conformity and
» feasability

for the OOA/OOD phase ahe basisof the
measuresconsistency, performance, size
and structure.The resultsof the evaluation
are

criteria value
completeness 2
conformity 2
feasability 3
consistency 3,5
performance 1

A higher granularity of the OOA/OOD
model measuresis necessaryto demon-
strate a correlation betweenthe empirical
aspects and the model related measures.

In the phaseof the OOP we mustadd the

codemeasuresndthe other charactersitics
of the chosen OO programmingsystem.
Such measures are

» the coupling betweenaobjects (classes)
(M7),

» the lines of method code (M4),

» the method name length (M1),

» the number of method parameters (M2),

» the number of local variables (M8),
» the number of method returns (M6),
» the number of comments (M3),

» the method complexity (M5),

and someother indicators(see/Dumke et
al 94/). Themeasuresor thefirst implmen-
tations as an average manner are (see
/Heckendorf 95/ and /Kuhrau 94/)

measure MPP Smalltalk
M1 9 8

M2 4 1

M3 3 1

M4 18 12
M5 5 3

M6 1 1

M7 2.8 22
M8 3.2 2.6

The empirical evaluation of the OOP
components are founded on the

* understandability,
» stability and
o effort

for the OOP phase on the basis of
measuring testability, size, structure and
reusability.

In a first approximation of the quality
assurancewe canwant to hold the given
guality of the OO programming system.
So, we mustlook to the evaluationof the
resources.

The valuesin the table above satisfy this
condition.

The most of these measurebasedon a
ordinal scaleand can be usedonly for a
classification of the quality.

2.4. The Resource Measurement

The essentialaspectin the OOSE is the

initial measure of the chosen resources
(CASE tools, measuremeribols, program-

ming environment etc.).

measure ObjecTool| OOM
tm3 2 4

tm4 3 0.8
words 8 14
tm3 3 3
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tml 25 2.6
tm2 1.9 1.4

“words” includesthe averagenumber of
words in a documentationpart and was
added to rhe measuresto evaluate the
documentation level

The size of a documentatiorof all OOA/
OOD model partss essentiafor thesizeor
complexity of the implemented class.

The given initial quality can be proved by
the given measure values. Tiadularonthe
next page includes someone.

In accordance witlour validationaspectve

can quantitatively evaluatethe usefulness
of the chosenobject-orientedorogramming
system. For example, we can see the

functional approachcharacteristicsin the

Smalltalk/V for Windows or in Borland

C++ etc. and we can expect a lot of

maintenance effort.

measure Smalltalk/\VV | ST for Windows | Objectworks | Borland C++
# classes 100 170 397 407
depth of the inhe- 5 7 8 6
ritance

width of the inhe- 69 82 208
ritance

average number of 2.7 2.9 24 16.3
class methods

average number 17.2 27.7 17.7 0.46
instance methods

average number of 1 1.3 6.8 0.74
subclasses

3. Conclusions

This short paper describesonly the main

ideasin our presentproject. This project
includes a tool-based evaluation of the

object-orientedsoftware developmentfor

the methodology of Coad/Yourdon. The

goalis to helpto quantify the development
documents at the beginning for better
understandinghe OO method and better
comparingthis methodwith the other OO

development paradigms.
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