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ABSTRACT

A general, simpleframework for quality evaluation is
presented, in terms of entities (sedsfrelations among
them. Within this framework, a qualitpodel to beused

for architecture analysis is introduced, expressed as quality

goals, architectural characteristics to achigliese goals,

and activities to check for those characteristics. The mode
is a general one, so that existing methods and metrics can

be included in it, as well as possible new devisethods
andmetrics. Thiscan beuseful for method comparison
and selection.

Keywords
Quality models, quality evaluation, software architecture.

1 INTRODUCTION

Quality models have sincelong been introduced in
literature (see for examp[®eu8q), mostly asstructured
sets of properties (also known aslities, such as
reliability, maintainability,and soon). These properties
are usually presented as a hierarchygtatements, with a
“expressed-in-terms-of’relation. The uppermosbnes
representthe most general properties, suitable to be
understood bythe widest variety ofpeople, butvery
difficult to measure directly. The deeper wi@k into this
hierarchy, the more technical-audience-oriented and
measurable propertieare found. Converselylinks to
upper levels get more uncertain and in most cases difficul
to be defined. Terminological invention has playegteat
deal in this field, so, at various levelsproperties are
denoted agoalsor attributesor characteristics, down to
sub-characteristicsr factors to criteria andindicators and
attributes again; but the point is not yet seten in
standardisation activities which are now coveringfidid
[1SO91]. In the following we use some of these terms, in
what we believe a self-explaining way, but with no wish
to fix a glossary ourselves.

A quality model isnormally used as a reference for
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this case an evaluation, typicalberformedstep-by-step,
occurs.

The purpose of thigpaper is twofold: 1) todefine a
quality model out of a very general framework, avad as
a sort of unjustified’good thinking”; 2) to apply the
{nodel to architectural design evaluation, being thisca
stage in thesoftware lifecycle to checkor quality, by
showing that various evaluatiamiteria and methods fall
within the model. Then, nepecific method igproposed
in the paper, butather a way isgiven towards method
comparison.

In Section 2 the general qualifsameworkandthe model
for quality evaluatiorbased orarchitecturalevidence are
presented. IrSection 3 existing evaluatiomethods are
shown, along with their fitting into the model.

2 CONCEPTUAL FRAMEWORK

The concept of quality cannot kgiven as a simple
definition and perhaps it is bettenot to define it. As

quality involves human beings, any ultimalefinition

would likely find little application. Structuredsets of
properties, as mentioned in the Introducti@ould be
viewed as adefinition, or, better, apredicate about
quality.

Our approach, instead, is iftroducesome basic entities
dealing with the (undefinable) quality concept, and express

ur model as relationsaamong these entities. Some

bibliographical researchwork led us to find in the
literature the presentation of a conceptfi@mework
devised byKrogstie et al. [Kro95], that whave adapted
to our purposes.

As quality evaluation is begffective if done aarly as
possible in thdifecycle (to allow for precocious quality
flaw detection), the model is centered on software
architecture description. It ignportant to point out that
the quality to beevaluated regard¢he final software
product (peoplebuy productsnot designs):architecture

evaluating to which extent an object possesses somdlesign is just the informationsource for such an

expectedproperties,defined in the model itself. Some
form of quality model, explicit or notalways isadopted

evaluation. However, there is such a concept as quality of
architecture, and this will be mentioned when needed.

when an evaluation is performed. Most often the model is1po conceptual framework and modelsisown in Figure

implicitly assumed, or iad hocdefinedfor the particular
evaluation. Quality models alsare used aseferences
when designingand implementing objects, buéven in

1. The entities involved (theectangles)are sets of
expressions, defined as follows:



Expressions i are composed according to rutiefined
in the languages df, and, converselyl, includesall the
languages (natural, graphic, formal) whiate appropriate
for D. L also provides appropriate languagesXa@nd].

Domain D. The audiencg(not directly included inthe framework: all

the sets, as mentionedire homogeneous, that is
composed oflinguistic expressions) isnade ofall the
entities  (persons, organisationalnits, computer
programs, etc.) which are supposed to get and possibly to
sharesome interpretation oA:. These include designer,

AL supplier, customer, evaluator, static analyser, translator,
Expression etc.

2.1 Quality Model

Figure 1 also shows our qualityjodel expressed as a
sort of matching relations (the linkbptweenthe setA
and its neighbourB, L, I.

Semantic Quality

Architecture

Pragmatic Q. Syntactic Q.

IAudience Language
Interpret. ' Quality comes out as a collection of desired properties, or
goals. More preciselthreequality types are defined in

this model, each giving rise to one or marelity goals
Figure 1 — Conceptual framework for quality Here a hierarchicalstructure as mentioned in the
Introduction appeardyut in a moredeductiveway than
those presented in literature:

L (language) =all the expressions in any possible Quality type: Semantic quality It deals with the

relations and syntactic rules; defined:

™

A (architecture) =all the expressiongontained in the . gemantic validityobtained when:
actual architectural documents; ADD

D (ideal domain) = all the correct and relevant expressions
for the actual architectural design, in all the langudges for any languagé; of L;

of L; - Semantic completenesdtained when:
| (interpretation) =, U I, U..... U, all thevarious A 0D
expressions oA as understood by audience (see below) '
individuals or groups. for all the languages to be usedAin

Now some further explanation is needed about theBsets  The implicitly assumed language-dependent partitioA of
L, I andD is obvious.What is not obvious is how tcheck
for semantic quality: This cannot bdeducedfrom the
above definition. This point is touched in the next
section.

D is not, and generally cannot, be completeknown.
The purpose of introducin@ is not for reference or
checking, but to work out eatherrigorous definition for
semantic qualityseebelow). Actually, someknowledge Quality type: Syntactic quality We have onequality
of D may beexpressed by adequatebfining functional goal:

requirements into architecturekpressions, orjepending
on the chosenarchitectural language, bymapping
correctly these requirementsinto an object-oriented AOL.
schemeD also includes:

- Syntactic validity obtained when:

Quality type:Pragmatic quality Semantic validity is not

- descriptions ofall the possible impacts ofion- strictly a pre-requisiteput it makessound the following
functional requirements (aperformanceand quality definition. Two quality goals are defined:

requirements) on the architecture;

- Valid comprehensigrobtained when:
- descriptions ofall the requirementswhich directly L OA
address the architectursych as modularitynodule i

redundancy for fault tolerance, —constraints for ¢ 4nyindividual in the audience, independently of the
adoptingCOTS or reuse, constrainfer distributed language;

architecture.



- Complete comprehensipobtained when: that allow to relate various techniques forarchitecture
l=1,01,0...001, OA analysis with the appropriate quality types.

' _ 3 EXTENDED QUALITY MODEL
independently othe language. In practice, th@nguage By analysing the quality goals it is possible fiod for

could p!ay an |mp.ortant rolg with mterpre}athﬂ: each of them a set of sub-goals, or criteria, to be met for
Translations into equivalent architectural expressions may

. ) L their achievement. lorder tosatisfy these criteria, some
be needed tachieve complete comprehension (ithis activities. in turn. can be put in practice
case the above formula would be slightly modified). ' ' P P '
In Table | a description of the qualitpodel is given,

As alreadypointedout, the quality goalspresentechere extended to include some criteria and activities.

are difficult to achieve,and generallyimpossible to be

totally verified. However, wethink we have somewhat Both criteriaandactivities are to befurther analysed and
broadenedthe traditional view of qualityand, starting expanded.Activities should also becomplemented by
from the quality classificatiopresentedabove, we can  measurement procedures and metrics.

further extendthe model to include modeling elements

Quality Quality goals Criteria Activities/techniques
types
Syntactic | Syntactic validity Lexicon correctness Lexicon checking

Graphical element selectign  Graphical element checking

Syntactic correctness Syntax checking
Structural correctness Structure checking
Semantic Semantic validity Functional requirements| Inspection, traceability analysidata-flowanalysis,
compliance O-0O / requirements mapping analysis
Quality requirements ISO/IEC-9126 inspection, complexity analygs,
compliance coupling & cohesion analysis, element counting
Specific architectural Inspection, element counting
requirements compliance
Semantic Domain-dependent Traceability analysis
completeness completeness
Domain-independent Traceability analysis, consistency checking
completeness
Pragmatic | Valid Readability Complexity analysis, coupling & cohesion
comprehension analysis,readability formulae, languageanslation,
joint reviews
Complete Navigability Browsing, joint reviews

comprehension

Table | — Extended quality model
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