& With the increasing focus on
early development as a major factor
in determining overall quality,
many reseavchers are trying to

define what makes a good conceptual

miodel. However, existing
frameworks often do little more
than list desivable properties. The
authors examine attempts to define
quality as it velates to conceptual
models and propose their own
framework, which includes a
systematic approach to identifying
quality-improvement goals and the
mieans to achieve themr.
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ost devel-
opers are recognizing that the quality
of the end product depends greatly on
the accuracy of the requirements spec-
ification and are concentrating more
on improving the early stages of devel-
opment.

A conceptual model — any collection
of specification statements relevant to
some problem — is an important part of
early development. Within the scope of
conceptual modeling is the requirements
specification, as well as any additional
knowledge not in the form of require-
ments.

Much has been written about the qual-
ity of conceptual models and how to
achieve it through the use of frameworks
that classify quality goals. Unfortunately,
these frameworks for the most part mere-
ly list properties, without giving a system-
atic structure for evaluating them. We

propose a framework that not only identi-
fies major quality goals, but gives the

i means for achieving them.

Our framework has two unique fea-
tures:

¢ It distinguishes between goals and
means by separating what you are trying to
achieve in conceptual modeling from how
to achieve it. We have made the goals
more realistic by introducing the notion of
feasibility.

¢ Itis closely linked to linguistic con-

cepts because we recognize that modeling
is essentially making statements in some

language.
EXISTING FRAMEWORKS

The box at right gives some useful
model properties we compiled from
frameworks by David Kung,' Gruia-
Catalin Roman,” Raymond Yeh,’ and Alan
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Davis,” as well as from a gle
Richard and Mildred T} :
these sburces becavse we believe they rep-
resent mainstrean requirements-engi-
neering terminology.

In compiling this list of properties, we
ohserved several significant trends:

& Many definitions ave vague, compli-
cated, or in ramzs:' cases, gven lacking. Con-
ceptually clean, for example, covers
simplicity, c‘]&rﬁ‘v and ¢

case of under-

standing, but these subproperties are

ot explained. The definiton of com-
plete may be pr?s.:ticm but it also covers
tcmr aspeets of the specification: fune-
L input data, <mumcr;t%ztmn,snd
content. It would have been simpler had
there been a definidon for ea h aspect,
For s:xrmzph‘ a fonctionally u)mpi e
spncmr,gﬁm’nwm - in which all funetion-
al requirements have been included.
Sometimes terms are not defined at
all, such as incompleteness tolerance,
The term’s intended meaning —proba-

bly thae the specification van have a fow

quality temporaril
errors, be inconsistent, and so on,
not to compromise the inherent
ativity of spe
o the

1 Contan syntay

scification building — isleft
framework user to interpret.

# The list is unstyuctured and the prop-
¢ are _p;zrﬂ%-‘ rigppirzg. Some fea-

£anon U‘V@ﬁ‘? 4 Corrgct Di(“"?l}“"c ()g‘iht CUs-

tomer’s

s needs. Orther features, such as

verifiabitity and modifiability are on a
different level —relating to the work
be done with the specification iself,
rather than the relationship between the

specifics
Furthermore, features like prec

ion and the customer’s

formality, and testability are highly in-

terdependent; whereas
correct, and minimal in &
the same meaning.

the sy

appropriate,
talmost have
They all require that
pecification not address design and
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implementation issues.
® Specificarion proper
and mv*ﬁaci

per;ds on a method for for
requirements; you can’t dz:xm,
method from the sy :

& Sowe properties pre;
rence J;‘ @ a’mn 72 k} cUCH @h

dﬁ?mg:z. Fu {'hi‘.t;
precise and testable, you
execurable i lm}mms.’lmrm‘;

pfl\‘ﬁzﬁi'fr;’ 10 3 : :
definiton of ct}mp%ete, for ex

specification should include everyil
that the software is supposed to do.
fo not know
, YOu cannot




Domain
(relevant knowledge)

hope to build a complete specification.
Thus, while existing frameworks
have made a first step toward defining

the desired properties of a requirements |

specification, they fall short of a deep
analysis. A framework that offers a more
in-depth treatment of quality should
# Separate direct specification proper-
ties from language and method properties.
¢ Separate quality goals and the means
toreach them. The goals should also be re-

alistic. Total completeness, for example, is

not a realistic goal. We have made goals

more realistic by introducting the notion

of feasibility.

¢ Have a mathematical foundation so
that you can precisely interpret the proper-
tes.

¢ Have properties that relate directly
to specification building and not depend
on later project deliverables.

FRAMEWORK FOUNDATIONS

Our framework addresses quality in

i
i
|
|
|

| something prescriptive. In early model-

[ Pragmatics

Audience interpretation

Figure 1. Four cornerstones of the framework (boxes) and the three connecting linguistic aspects (edges).

the conceptual modeling process as well as |
in the model itself. In our opinion, the
terms “specification” and “requirement” !
are too limiting to describe this process,
even though mainstream terminology
embraces them. Requirements imply

ing, most of what is done is to analyze the
problem area, so many pieces of informa- |
tion are more statements than require-
ments. |

For these reasons, we believe “model” ‘
and “model statement” are more accurate !
and our framework is based on these in- |
terpretations and terms (which we use for -
the rest of the article).

Figure 1 shows the main points of our
framework, which borrows from three
important linguistic concepts and applies ;
them to four aspects of modeling: Lan- |

|

guage, domain, model, and audience par-
ticipation.
The linguistic concepts we borrowed ‘
are
¢ Syntax. Relates the model to the

Language
(votabulory, grommar...)

modeling language by describing rela-
tions among language constructs with-
out considering their meaning.

¢ Semantics. Relates the model to
the domain by considering not only
syntax, but also relations among state-
ments and their meaning.

¢ Pragmatics. Relates the model to
audience participation by considering
not only syntax and semantics, but also

{ how the audience (anyone involved in

modeling) will interpret them.

Language. The modeling language, L,
consists of all the statements that can be
made according to the syntax, which for
most languages is an infinite number. L
syntax is formed by an alphabet and a
grammar. The alphabet contains a set of
modeling constructs, each of which has a
unique notation, which are the building
blocks for the conceptual model. The
grammar contains rules that define how
to legally combine modeling constructs.

L also has semantics, which defines the
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meaning of L5 constructs and thus the
statements’ implications. Sernantics may
contain deduction rules explaining how
new statements can be derived from state-
ments already made.

Domain. The domain, D, consists of all
possible statements that would be correct
and relevant for solving the problem.
Hence, every unique problem has a
unique, usually evolving, domain.

This use of domain differs from that
widely found in literature on information-
systems engineering, in which domain is
rather loosely equated with problem area.
Domain analysis has emerged as the disci-
pline of analyzing the functonal require-
ments of a problem area like banking orin-
surance, rather than requirements for a
specific customer. Buthere, domain is syn-
onymous with the ideal knowledge about
a particular problem. Tt is similar to the

mathematical domain, which is the sct of

values allowed as arguments to a function.

Model. The model,
statements actually made. Its components
are the explicitmodel, M, which is the set
of statements explicitly made, and the im-
plicit model, M, which is the set of state-
ments that can he derived from M, ac-
cording to L% deduction rules.

For example, assume that L is proposi-
donal logic and that M,.contains the state-
ment A A B. M, will u)umm the derived
statements .1 Jnd B, as well as an infinite
number of other variations that can be de-
rived from the explicit statement 1 A A,
A~rdrA ordaBaA Hence, although
M, must contain a finite number of state-
ments, M, (and thus M itself) usually con-
tains an infinite number. This infinite set
will generally be highly redundant.

Audience interpretation. Audience inter-
pretation, .1, is the set of statements that
the audience thinks the model contains.
By audience, we mean alt who need to un-
derstand the model, including all stake-
holders in the development process. Po-
tential users fall in this category as well as
customers, domain experts, analysts, and
designers. An audience might even be a
computer, which must understand the

M, is the set of

model to automatically manipulate it.
We prefer audience to user because the

latter term might be mistaken for users of
the system being built rather than users of

the model.

Quality concerns. The focus of our arti-
cle is the quality of a model in and of it-
self. However, many factors affect a
model’s quality. Three are worth men-
tioning:

o Language-domain appropriatencss.
This is the measure of how the lan-
guage fits the domain, the extent to

which the language makes the kind of

statements needed in the domain.

+ Langnage-andience appropriateness.
This is the extent to which the audience
is able to learn, understand, and use the
language.

o Audience-domain appropriateness.
This is the extent to which the audience
is already familiar with or is able to get
familiar with the domain.

All three concerns might also work
in reverse. In other words, if you know
that you have to address a certain do-
main, you will try to choose a language
that fits. If vou know that your analysts
are fluent in onc particular modeling
language, vou will scek assignments in
domains where this language is appro-
priate.

For the rest of the article, we focus on

issues that directly involve the model, as-
suming for the most part that an accept-
able level of appropriateness has been
achieved.

Figure 2 is an overview of our
framework. In it, we assume there are
three types of model quality. Syntactic
quality is how well the model corre-
sponds to the language. Sesantic qual-
ity is how well the model corresponds
to the domain. Pragmatic quality is how
well the model corresponds to its audi-
ence interpretation.

The means section of the figure il-
lustrates how our framework distin-
guishes activitics to improve quality
(modeling activities) from the proper-
ties of the model that enable these ac-
tivitics (model properties). The figure
also shows means grouped according to
the type of quality they address directly.
For example, means whose primary ef-
fect is to increase model comprehen-
sion are classified as pragmatic.

"This does not mean that a certain
property or activity contributes exclu-
sively to that type. Improvements in
pragmatic quality can improve seman-
tic quality by making it easier to detect
invalidity and incompleteness, for ex-
ample. Likewise, improvements in syn-
tactic quality can improve pragmatic
quality because the model is casier to
understand.

" Goals

i WM(M Syntamc correciness —

 Model properties

Formul syntax

Means
Modelling activities
§Syn1ux checking
S ———

: Scmttnht qmlify{ Feasible validity

4 Formal semantics modifiabilty — Statement insertion

Consistency checking

Statement delefion

Feasible completeness |
e ————————

i%

+ Executability
ﬁngmmitqmlﬂy—ﬁ Feasible comprehension+ Expressive economy ~—— Explanation

| % Structuredness

Inspection analysis
Visualization

Animation

Simulation
Filtering

Figure 2. Proposed framewcork for distinguishing quality-improventent goals and the means

to achieve them.

IEEE SOFTWARE

45




SYNTACTIC QUALITY

- the domain contains, or it can include

The more closely the model adheresto
the language rules, the higher the syntac-

tic quality. It follows then that the more
errors and deviations from the rules, the
lower the syntactic quality.

Goals. There is only one syntactic goal,
syntactic correctness,
which means that all
statemnents in the model
are according to the syn-
tax. Thatis, M\L = @.

The corresponding
€ITOT, SYNUAX ELTOT, 0CCUrs
when this equation does
not hold. Syntax errors
are caused by one of two
errors: Morphological
errors, in which the

|
|
i
I
\

ADDING THE
NOTION OF
FEASIBILITY
TO GOALS LETS
YOU TRADE
OFF BETWEEN
BENEFITS AND

something the domain doesn’t have. The
more similar the model and domain, the

better the semantic quality; the more dif-

ferent, the worse the quality.

Goals. There are two semantic goals:
validity and completeness. Validity means :

that all statements made by the model are
correctand relevant to the
problem. That is, M\D =
&. The corresponding
error class is invalidity,
meaning that the equation
does not hold.
Completeness means
that the model contains all
the statements about the
domain that are correct
and relevant. That is,
D\M = &. The corre-

model expresses state- sponding error class is in-
ments with symbols that . completeness, meaning
arenotdefined in thelan- DRAWBAC KS that the equation does not
guage’s alphabet, and hold.

syntactic incompleteness, in which the
model lacks constructs or information to
obey the language’s grammar.

Errors, of course, must be made in the
explicit model, M. Because you derive M,
using the language’s derivation rules, it
cannot contain syntactically incorrect
statements, as long as the assumption is
that nothing can be derived from a syn-
tactically incorrect statement.

Means. There are three basic syntactic
means: error prevention, error detection,
and error correction. Prevention and de-
tection are easier with a formal syntax like
Backus-Naur form. Prevention is reject-
ing the insertion of erroneous statements
into the model. Detection is finding er-
rors after statements have been inserted.
Prevention is most useful for morpholog-
ical errors; detection, for syntactical com-
pleteness. You can easily automate both

these activides. Error correction — tore- |

place a detected error with a correct state- |

ment — is more difficult to automate.

SEMANTIC QUALITY

The model can lack something that

For anything but extremely simple
problems, you cannot achieve total valid-
ity and completeness. Attempts to do so
would require spending unlimited
amounts of time and money, which is un-
acceptable. The time to terminate a mod-
eling activity is thus not when the model
is perfect (which will never happen) but
when it has reached a state where further
modeling is less beneficial than applying
the model in its current state. Hence, for
the semantic goals to be realistic, they
have to be somewhat relaxed.

To accomplish this, our framework in-

corporates the concept of feasibility. Fes- :
sible validity is defined as M\D = R# @, and '
there is no statement 7 in R (where Ris the !
set of invalid statements in the model) :

such that the additional benefit to the con-
ceptual model from removing 7 is greater
than the drawbacks of eliminating the in-
validity. Feasible completeness is defined as

D\M =S#J, where Sis the set of correct
and relevant statements not yet in the !

 model, and there is no statement s in S

such that the additional benefitto the con-

ceptual model from including s exceeds
the drawbacks of including it.
Feasibility thus introduces a trade-off

; same definition we use for valid. Thus,

; main knowledge. Hence a model that

between the benefits and drawbacks for
achieving a given model quality, both of
which are part of the domain because they |
are an integral part of the problem to be
solved. We use the term drawbacks in-
stead of the more familiar term cost in an
effort to distinguish between purely eco-
nomicissues and economic issues plus fac-
tors like the user preferences and ethics.

Relaxing validity and completeness is
in line with the observation that there is
no one right solution to a wicked prob-
lem.® The choice of solution should de-
pend on who is trying to solve the prob-
lem. The more competent the model
builders (analysts, end-users, domain ex-
perts) the more feasible it will be to
achieve a high level of validity and com-
pleteness because they will work smarter
(spend fewer resources) to achieve that
level.

Compared with the number of seman-
tic properties listed in the box on p. 43,
having only feasible validity and com-
pleteness as our semantic goals seems an
oversimplification. However, a closer look
at several properties reveals that it is not.
(In the following comparison, we drop the
consideration of feasibility because none
of the definitions addresses it.)

¢ Correct. This corresponds to

valid. The definition of correct in the
box — “Every requirement represents
something required of the system to be
built and no error will affect design.” —
is the same as saying all statements must
be relevant and correct. This is the

if some statement is not relevant or
leads to a design error, it is invalid.

¢ Minimal. This is subsumed by
valid because if M contains a model
statement that overconstrains system
design, the statement is simply invalid.

¢ Annotated and traceable. Both of
these are subsumed by completeness
because of how we define domain. We
assume that to annotate something
means to associate priorities to require-
ments. Such priorities are themselves
an important part of the relevant do-

lacks important statements about prior-
ities is certainly incomplete. Traceabil-
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ity means that the origin of model state-
ments should be clear. Because the
model itself becomes a part of the do-
main as soon as modeling starts, the
lack of important knowledge about the
model is a case of incompleteness.

¢ Consistency. This is one of the
most common semantic goals, yetit too
is subsumed by validity and complete-
ness. The reason is that any case of in-
consistency must be caused by at least
one invalid statement or the lack of a
statement (incompleteness). The defi-
nition of inconsistency is that M con-
tains contradictory statements.

To illustrate, consider the case in
which you must model an organiza-
tion’s business rules, many of which can
be contradictory.

Suppose the model must account
for the rule “If a company has been our
customer for more than 10 years, the
customer status should be high priori-
ty.” and the rule “If a customer has been
late with payments for more than three
times, the customer status should be
low priority.” (To detect inconsisten-
cies, such rules should be in a formal
language, but we present them in En-
glish for the sake of readability.)

But whatif a company who has been
the customer for 12 years is late with
payments more than three times? You
could decide to change the first rule to
rate the customer as “medium priority”
or the second to “more than four
times.” Either of those two actions
would mean that the original rules were
invalid.

On the other hand, you might de-
cide that both rules are valid, and add
another rule, “If there are contradicto-
ry rules about customer status, the sales
manager should resolve the issue,”
which requires the system simply to no-
tify someone. Adding a rule to resolve a
contradiction would mean that the
original model was incomplete because
it had no such rule.

¢ Unambiguity. Like consistency,
this is subsumed by validity and com-
pleteness. In our framework, M is the
union of interpretations that are either
contradictory (which leads to the same

IEEE SOFTWARE

argument given for inconsistency) or
they are not. If M is consistent and valid,
nothing is wrong with having ambigui-
ty, except that you should state explicit-
ly that all alternative interpretations are
intended. Without this explicit state-
ment, there is incompleteness.

Means. To avoid entering into a discus-
sion about the development life cycle,
modeling approach, or requirements-ac-
quisition technique, we look at modeling
only in terms of the actions that affect it
directly. These include introducing state-
ments to make the model more complete
or deleting them to make the model more
valid. Correcting a statement can increase
both completeness and validity. Concep-
tually, you can view correction as a dele-
don followed by an insertion.

Most quality improvement requires
that you manually inspect the model. For
this reason, we classify many means wradi-
tionally associated with
semantic goals as prag-
matic because they di-
rectly support a clearer
understanding of the
model. However, consis-
tency checking can often
be performed automati-
cally, without really un-
derstanding the model,
which makes it a suitable
semantic means. We con-
sider consistency check-
ing as a semantic means
even though we do not
consider it a semantic
goal. The reason has to do with tool sup-
port. It is much easier to detect inconsis-
tency than invalidity or incompleteness.

To do automatic consistency checking,
the model must be in a formal language.
To make it easy to insert and delete state-
ments, the model should be modifiable.
This includes properties such as structure
and locality of change (performing se-
mantic changes by changing only a few
closely related statements).

PRAGMATIC QUALITY

While semandc quality affects choices

THE GOAL IS
NOT TO MAKE
THE MODEL
EASYTO
UNDERSTAND
BUT TO ENSURE
THATIT IS
UNDERSTOOD.

between models with alternative mean-
ings, pragmatics affects how to choose
from among the many ways to express a
single meaning.

Goals. There is one pragmatic goal:
comprehension. Not even the most bril-
liant solution to a problem would be of
any use if no one could understand it. An
important point in making the model un-
derstandable is that you must ensure that
all concerned parties understand it, not
just select groups. For this reason, we
have addressed comprehension by intro-
ducing several model projections — M|,
-y M in M — and a corresponding set of
audience projections — A, ..., A in A.
The projections represent different
group’s interpretations. With these mod-
ifications, we can define comprehension
in a way that is similar to what we did for
validity and completeness. Comprehen-
sion means that all model projections
have been understood by
their relevant audience.
That is (Vi) (M, = A),
meaning that all audience
members completely un-
derstand the statements
in the model that are rel-
evant to them.

The corresponding
error class is incompre-
hension, meaning that
the formula does not
hold. For a large model,
you cannot realistically
assume that each audi-
ence will be able to com-
prehend all the statements relevant to
them. Thus, our definidon of compre-
hension is an ideal goal, just as validity and
completeness were unachievable goals in
the face of reality. Again we introduce the
noton of feasibility: Feasible comprebension
means that, although all audience parts
may not have correctly understood the
model — which is stated as

@D ANM) O M) =T %D
— there is no statement #in 7, such that
the benefit of rooting out the misun-
derstanding corresponding to # exceeds
the drawbacks of taking that effort. T is
the set of statements in the model rele-
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vant to a particular audience group that
that group has misunderstood or is not
aware of plus the set of statements the
audience believes is in the model but is
not. The index 7 stands for an arbitrary
audience group. Hence, the equation 7,
# (& means that the audience group has
not completely grasped the part of the
model that is relevant to them.

Note that we have stated the pragmat-
ic goal as comprehension (the model has

been understood), not as comprehensibil-

ity (the mode] can be understood). We did

this for several reasons. First, the ultimate -
goal is that the model be understood, not -

thatit be understandable. Second, it is dif-

ficult to quantify a model’s comprehensi- |

bility because so much depends on how

the model was developed, the way the an-

alyst communicates with the end-user,
and the degree of tool support.

Means. Pragmatic means are whatever

makes the model easier to understand.
Looking at the modeling actvities first,
inspection is the most primitive — obvi-
ously you must read the model to begin to
understand it. For large models, however,
this rapidly becomes less feasible. You
most likely will need tool support like a
browser to navigate through the model
quickly.

Visualization lets you see the model di-
agrammatically, rather than textually,
which often makes it easier to grasp. Ani-
mation goes one step further, using mov-
ing pictures to make system dynamics ex-
plicit. This might take the form of icons
that resemble real-world objects, such as a
telephone ringing, a customer arriving at
a registration desk, etc. Animation is prac-
tically impossible without tool support.

Explanation, on the other hand, can be
completely manual, as simple as an analyst
explaining the model to an end-user.
However, when models grow large, ana-
lysts themselves will have problems with
comprehension, so tool support again be-
comes a factor. An explanation generator
might answer questions about the model
and its behavior.

Simulation uses statistical assumptions
about the domain, such as the arrival rate
of customers and distribution of process-

ing times, to anticipate how a system built
according to the model would behave if
implemented. It is not practical without
tool support.

Filtering is necessary because you can-
not grasp the entire model at once and
must concentrate on specific parts or as-
pects at a time. Filtering may also include
aspects of translation.
Because a large model
may have a rather diverse
audience, different lan-
guages will be preferred
by various groups. End
users may want to see
business rules in natural
language, for example,
while analysts may want
to see them in logic.

The properties a
model must have to make
pragmatic modeling ac-
tivities possible include
those for syntacticand se-
mantic quality, as well as executability, ex-
pressive economy, and structure. Exe-
cutability is needed to automate activities
like animation and simuladon. Expressive
economy makes the model easier to grasp
because there are fewer statements to an-
alyze. However, it may conflict with struc-
ture: A structured model is not always the
most concise because the price for the
structure may have been additional over-
head. Because structure is useful for both
modifiability and comprehension, you
should not carry conciseness too far.

FEASIBILITY AND TOOL SUPPORT

As Figure 2 shows, feasibility is a con-
sideration for all quality types. It involves
asking questions like, has the model
reached a satisfactory quality? If not, what
quality goal is most worth pursuing at the

' moment and what means are most likely

to be effective in reaching this goal?

While there is not enough room here
to give a detailed analysis of feasibility is-
sues, we can say something about consid-
erations with respect to completeness and
validity.

When you start modeling, your only
problem is that the model is totally in-

FEASIBILITY
ANALYSIS IS
HARD TO
AUTOMATE.
YOU'LL
ALWAYS NEED
SOME GUT
INSTINCT.

complete. There are no problems with
syntactic quality or validity because no
statemnents have been made yet. Neither is
there a problem with model comprehen-
sion — you can hardly misunderstand a
model with no statements. Thus, if com-
pleteness is the sole problem, the only ini-
dal activity is to insert statements, lots of
them, either by writing
them from scratch or
reusing statements from
other models.

So as not to inhibit the
creativity needed to ex-
pand the model, the tool
should allow for some de-
gree of modeling free-
dom.” This means that
the model may temporar-
ily contain syntactic and
SEeImantic eITors.

When a model grows
quickly like this, com-
pleteness increases butin-
validity and incomprehension also in-
crease. When incomprehension becomes
too big, you can no longer expand the
model because too many statements will
be invalid. At this point, it makes more
sense to begin a consolidating phase, with
the objective of decreasing incomprehen-
sion and invalidity. Now statements are
being deleted or corrected, and there is an
emphasis on analytic activities like consis-
tency checking and simulation. During
this phase, comprehension and validity go
up, but completeness is at a near standstll.
After a while, comprehension becomes so
good that the gain of additional consoli-
dation is marginal. Once again, it makes
more sense to return to an expansive phase
to reduce incompleteness.

Hence, you can view modeling as a
pendulum swinging from expansion to
consolidation and back again. This view
supports our two-goal framework also,
since validity requires consolidation and
completeness requires expansion.

State-of-the-art modeling tools sup-
port many of the activities we have men-

~ tioned, such as syntactic error detection,

consistency checking, inspection, filter-
ing, animation, and explanation. In fact,
activities like consistency checking and
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simulation are not feasible without tools. |

For feasibility analysis, however, there |
is little in the way of tool support. Such ‘
tools will be difficult to develop for the
simple reason that the domain and audi- :
ence, important elements in determining
model feasibility, are beyond automatic
manipulation. Hence, you can never
know if the model is feasibly complete or
understood. There will always be room — |
and need — for gut instinct.

Moreover, as the process-maturity
movement has shown us, tools may be
good for automating tasks that we already ‘
know how to do, but tools cannot help if
we do not understand the development
process. Thus, we are not as concerned
with supporting the means to achieve
quality as we are in reaching an under- |
standing of quality and of how to set real-
istic quality goals.

Previous attempts to describe the
properties of a quality conceptual
model have amounted to little more
than bread-and-butter collections of
useful features. Our framework estab-
lishes qualitative relationships between |
central goals and means, leading to a
deeper understanding of quality asitre-
lates to conceptual modeling.

By including the notion of feasibility
explicitly in the framework we provide re-
alistic quality-assurance goals. We recog-
nize that our contribution is at a rather
high level of abstraction. Stll it is a good
starting point for developing systematic,
practical guidelines on how to achieve
syntactic, semantic, and pragmatic quali-
ty. To make our framework more useful in
a practical modeling situation, we must
refine it in several ways:

+ Specialize to a language or method.
The framework is not tied to any par-
ticular language or method, which is
one reason it is now so abstract. Look-
ing at the three types of quality in the
context of a particular language or
method would help us provide more
concrete guidelines.

¢ Formalize means. Although we have
given goals as a formal definition in set
algebra, we have discussed means only
informally. The next step is to describe
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them in some formal notation as well.

¢ Decompose goals. To make the
framework clear, we proposed only a few
goals, subsuming many previously iden-
tfied goals. For detailed guidelines, a
more fine-grained breakdown would be
useful. For example, there are several
kinds of completeness: functional (all
functional requirements have been cap-
tured), nonfunctional (all nonfunctional
requirements have been captured), de-
scriptive (all descriptive statements —
those not in the form of requirements —
have been captured), and traceability (all
cross references for traceability have
been included). We would add to all
these the notion of feasibility.

¢ Quantization. So far, the set-alge-
bra equations state only if a model has
met a goal. We could build on that by
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validity and completeness. We would,
of course, want to join such efforts to
other work in metrics.

Thus, we are not proposing a new
method for conceptual modeling or re-
quirements engineering as much as we are
providing a way to think about quality as
it relates to these things. We see this as a
necessary step toward improving the ef-
fectiveness of future modeling efforts. ¢ |

Send questions about this article to Lindland at Dept. of Computer Systems and Telematics, Norwegian
Institute of Technology, 7034 Trondheim, NTH, Norway; o0il@idt.unit.no.
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