Meanine as Use: Handline Reguirements Conflicts
& & 1
and Inconsistencics

Andrés Silva

Facultad de Informatica
L niversidad Politéenica de Madrid
asilva@fi.upm.es

Abstract,

In Viewpoint-based Requirements Engineering (VBRLE) information is
elicited and documented from multiple viewpoints., At some point in a VBRE
process, the contents of different viewpoints should boe compared. Butin Re-
guireinents Engineering (RE) we not only deal with “requireinents”™. If we
take iulo account the wmultiple uses ol Lhe iwlormalion managed in a roguire-
ments process it appears veasonable that, belore checking Tor discrepancies,
the role of cach clement to be compared needs to be cleared: requirements,
for example, should not be compared against deseviprions, Also, interesting
relations between discrepancies conlid he fonund: a conflics betwesn require-
nients, for example, coudd be due to meowsistent descriptions. In this paper a
VBRI process 1s proposed based on a provious calegorization ol the contenls
of cach perspective according 1o their use. The [ramework proposed neludes
deiection and classification of discrepancies and solution gencratlion.
Keywords: Viewpoints, voquiverments conflicr, requirctments inconsistencics.

1 Introduction

There is a multiplicity of stalkcholders that take part in every reguirements process
and this will inevitably lead to discrepancics. Viewpoint-based Roeguirements Toagi-
weering (VBREY recognizes this fact, bhut tries to obtain benefits from iv. In VBRE
discrepancics arce not seent as undesivable: instead, adequately managoed. discrep-
ancies hetween stakcholders can be nsed as o means to prove the clicitation
ol requirements and o mprove other aspecs of solvware developiens [NEROO].
Bul a discrepancy wanagoment process could be mproved by taking inlo account
that in Bequircments Eogincering we deal with nlormations of dillerent nature
[Z2J97, Pard3] like descriplions, goals or specifications. Discrepancy managenient
should be done alter clarilving which of those calegories the poteniially discrepant
starements belong to.

Tt this paper the term discrepancy will embrace conflicts and inconsistencies.
A conflict is the particular case when there Is some kind of clash between goals. An

131



incousistency happens when thore is a clash bolween descriptions. Conflicts and
inconsistencies could lead lo clashing specifications. We will introduce a process
[or delection, classification and resoluvion of discrepancies, based on a previous
ategorization of the coments of each viewpoint. One of the goals pursued by
ihis process is the ability (o deal with viewpoinls expressed in formalisms ranglng
fronm natural language to formal specifications. This would free the process from
the idiosineracies of cach particular modelling language, at the cost of being more
definite.

1.1 Different uses of a statement

The consideration of a muliiplicity of calegories of Information according 1o their
use Is not new. Ludwip Willgenstein poinled outl in a famous aphorism ol his
“Philosophical Tnvestigations™ [Wit33] that a pleture, depending on s use, conld
not only be deseriptive:

{22): Luagine a picture representing a boxer in a particular slance.
Now, this piewure can be used (o tell someone how he should siand,
should hold himsell; or how he should not hold himsell; or how a par-
ticular man did stand in such-and-such a place; and so on. One might
{using the language of chemistry) eall this pleture a proposition-radical.

Wittgenstein calls the pleture a proposition-radical because it necds to be comple-
mentod with its use [deseriptive, imperative, ete.) to be a real proposition.

In Reqguirements Fngincering something similar happens. Requirements arve
colleeted and modelled using some formalism, from natural language to formal
specificacion languages but, very oftewn, she use of a senwence is not clear. lor
example, during the development of o system to control a life [JacDbal, we could
firud two statements like these:

o “When the lill Is stalionary ai a floor s doors ere open”
o “When the lift is stationary ab a floor its doors are never open™

These sentences are nothing if we ighore their use. Are they descriptions? (Le.
statements that pretend to describe a piece of reality, and whose truth value is
unrclated to the existence of any software systen): are they requirements?  (Le.
statements that oxpress goals, whose truth value s, of course, related to the exis-
tenee of a furire software conrroller). If they arve requirements. how could a software
coutroller enforce then? But che important question for VBRE is the following:
how can we compare one sentence against the other belore their use is clear? For
example, both expresions could be seen as descriplions ol actual [acls (some lilus
could use a mechanical device o actually behave o one, or the other, way). In
ihat case, one of them must be wrong, and the way Lo elucidate which of them is
wrong Is by means of refutation, or checking them against the facts. On another
side. both expresions could be goal statements. In this case, we can nol refutale
this sentences againgt reality but we could start a negotintion process to solve the
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conilict. In the particular case in which one sentence 13 deseriptive and the other
i3 a goal, we should not comnpare one against the other, ag this comparison makes
L0 SEnSe,

1.2 Knowledge, Specification and Requirements

In Requirtinents Engincering we deal with oot ouly one category of statoments,
but with differenn categories at the sanme time. The KSR model, proposed by M.
AL Jackson [Jactsb, £J97] vakes this o account, distinguishing bevween three
categories contained in three sews £, 5 and £:

K: Containg deseriptive sentences. This sentences are true with independence of
what the system will or will not do.

£: Containg the requircments. Bequirements, or goals, describe the desired eflecus
ol building the system and deploying il in a particular environment.

S: Deseribes the external behaviour of the machine, in other words, deseribes the
interface between the machine and its enviroment. The task of defining the
couteats of 5 s a task full of design decisions. Only shared phenomena can
he part of vhe senlences contained in S,

The velation that should hold between the three sets 150 K,9 E . So, given the
domain K and the specification S, the requivements R will be carried out, i.0. they
will becowe true o vhe environment.

Before checking [or discrepancies between viewpoints, il we classily 1heir con-
tents inlo the sels K, 5 and R, we could make comparisons between each sel
and relate the discrepancies found in one calegory Lo the discrepancies in another
category. Wo could, for example, relate o diserepancy botween clements of K oto
another one boetween clements of §.

The remainder of this paper is organized as follows: scetion 2 introduces the
concepts of overlaps and discrepancies as used in the paper; scction 3 shows the
proposed classification of discrepancies; section 1 shows the resolution tasks and s
relavion with vhe proposed classification of discrepancies; section o shows the phases
ol the proposed process [or discrepancy delection, classillcation and resolution;
linally, scetion 6 provides sowe results and conclusions.

2  Overlaps and discrepancies

Discrepancies can only cmerge between statements aboutl the sawe phenomena.
From this poin of view, two senvences like “all huinan are monal™ and “this book is
a novel” can never be discrepant. Il we consider thar predicates denole phenomena
and well lormed formulae (wils) of the predicate calculus denote statements over
phenomena, we can say that o set of wifs can be diserepant only when they sharve
sotne predicates. These overlaps [STT99] between formulac ave a precondition for
a1 inconsistency, or a conflict.
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2.1 Overlap criteria

Tn this work wo propose the use of user-defined overlap eritervia, oc. The ability to
define these criveria incorporates some degree of floxibility thar is needed in RE.
For exaple, it p and g are given as:

p ZVa{book{z) A edited(x, London) = on_catalog(x))
g Z¥z(bookiz) = Fy(writer(y) A author(y, )

woe can say that p and g overlap with respect to an overlap eviterion like:
v = Two wils overlap i they share au least one predicate

but p and ¢ would not overlap with the eriterion:
e = Two wils overlap i they share au least two predicates

The overlap eriteria can be extended from wifs o sots of wifs. Also, different criteria
could be used for different formalists. Tor example, requircments are commonly
written in natural language. For natural langnage an overlap criterion could be as
informal as:

pe = Two sentences overlap il both make relerence 1o the same issue

The availability of tools that antomate, or facilitate, the overlap detection process,
can be used Lo deline an oc.  Also, even [or the same requirements formalism,
different eriteria could be used depending on the state of the reguirements process:
In carly phascs it makes less sense to use a very restricting eritervion, but in later
phases, the criterion should be constrained.

2.2 Discrepancy criteria

Every representation or modelling [ormalism is based on sintactical and semantical
rules that users should [ollow. Those rules deline whal a correct representation
i, against an incorrect represcutation. As o conscquenee, the vules could be used
to detect discrepancics betweer alternative models or alternative descriptions. For
example, two Data Tlow Diagramas (DTDs), corresponding to two different view-
points, are discrepant if different input or ouput Hows arc related to the same
process.  So, for cach particnlar notation, or combination of notations, we can
define discrepancy eriteria (de) that will establish what is, and what is not, a dis-
cropancy, A choscn crilerion could not only depend on the notation but oo other
cireumstances, like the stave of the requircments process, or the availability of wools
that [acilitate the task.

It makes sense 1o speak only ol discrepancies when relerring o a set of wlifs,
For example, let P — {p, ¢}, where:

Voxlhook{x) A edited (2, London) — in_catalog(x))
Vol hook(x) A edited(z, London) = in_eatalog(x))

K

IEIE
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In this sev £, [romn a predicatle calculus point of view, there is no discrepancy
between poand ¢, as they are nol inconsistent: any situation whore no book is
eddited o London is a wodel for bovh [ormulae. Bul it would be correct 1o say that
F is discrepant with respect to another criierion given as:

the = Two formulae are diserepant, if thelr consequoentes are inconsistent
whoen their antecedents are identical.

When requirements are expressed in natural language, a discrepancey eriterion conld
be someting as informal as:

e = Two sentences are discrepant when the reader perceives that
hoth can ot be true at the same Uime

Tor reguirements exprossed in different formalising some eriteria could be defined
taking inte account vequired correspondences between different models {for ex-
ample, the required correspondence between clements of o DFD and an entivy-
relacionship diagran).

3 Classification of discrepancies

The main eriteria, we propose for classifving discrepancies s based on the scts
K, 5 aud £ that are affected in cach parsicular case. The syibol () will be
used Lo denole that a discrepancy exists belween some elements of one of those
sots. Tor example, a discrepancy betwoeen viewpoints that affects sets K oand B
is a discrepancy K781, This clagsificaion has two advantages: () it s based
on the previous classification of the contents of cach viewpoint and (#) it directs
the generation of solutious, as cach resolution task strougly depends on the sets
affected: it is not the same, for example, to achieve a common consensus about the
environmens than to achiove an agrectment abont the goals of the systenn.

The cight types of discrepancy are shown in table 1. In this 1able, K'SE'
denoves that there s a relationship bovween the elements thay are discrepant in
K and the elements that are discrepant in R, so solving one could help Lo solve
ihe other. Bul, i there is & diserepancy b K and another in B with no overlap
relation between ihem, it would be just o K'SE discrepaney, on one side, and a
KSR discrepancy, on the other. Table | has been divided in two parts. Fivst part
shows the mived diserepancics, so called because they atfect more than one of the
three K, 8, It setse Sceorid part shows the trivial diserepancies. Tn this part, the
case of total agreement ASE Lias beew included just for the sake of completeness,
evell when properly speaking it is not a discrepancy. The three cases where only one
set s allected (KSR, K5'R and KSE'Y denowe that the origin of the discrepancy is
not in a conllict or an incousisteucy, but something more trivial as a mistake (like
a lypo). This happens because it s npossible Lo disagree in ouly one sel and still
verify K. 5 | 1. In onr work we are malnly interested in mixed discrepancies.
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| Mixed discrepancies ] Trivial discrepancies ]

KSR | Related discrepancies in & and § | KSR | No Discrepancy

KSR | Related discrepancies in K and K | K'STR | Discrepancy only in K
KSR | Related discrepancics in 5 and £ | KSR | Diserepancy only in 8
K'S' IV | Total Discrepancy KSIV | Disevepancy only in £

Table 1: Types of diserepancies.

4 Resolution tasks

In our proposal, the resolution process of discvepancies can be divided into lowoer
level tasks, so cach particular type of discrepancy can be solved by properly comn-
bining dillerent tasks. Following, a briel description of the vasks 13 shown and table
2 shows Lhe particular tasks that should be applied Lo cach type of discrepancy.

Refutation. This tasl compares diserepant scutences against reality, to sce which
of them are true. This task 15 applicd when there are discrepant elements in
K, and it makes 1o sense to apply it to £ or 5.

Transference, This lask eliminates wrong khowledge K when it is recognised ithat
is wrong, It also substitutes vhis wrong knowledge by newly {acknowledged)
COTTCCT O,

Checking. This task determines if o viewpolnt is internally consistent. In partic-
ular, vhis task should be coacted afler a translerence has been done, as now
koowledge could lead 1o interual inconsistencies.,

Negotiation. This task is aimed towards an agreement between discrepang goals
of the system. For this reason, it is applicd only when therve arve conflicts
hoetween different viewpoints.

Acceptance. In this task one, or boil, viewpoints, alter reaching an agreemenn.
with respect Lo the requirements, modily their requiremenis aceordingly.

Adaptation. When o discrepancy berween requiremoents s not due to different.,
conlliciing goals, but is due o a disagrecment. between different. perceptions
ol the environment, this task should be enacted. This task performs a modi-
lication of the requireinenys vo adapt 1o the new sisuation.

Redesign. Tn many situations after deseriptions of external phenomena change, or
when requircments change, this task should modify the external deseription
of the sysrean (5 to adapn to the new situation.

Error fix. Sometimes whal appears (o be a discrepancy belween viewpolnts is
noi so. because its cause 1s just a minor error or mistake. Typing errors,
syntax orrors and transeription errors are, of course, possible, so this 15 the
task aimed towards correcting thom.

136



Table 2 shows vhat [or each particular tvpe of discrepancy, diflerent tasks should
be used. The rows in vhis table show the tasks and the colunns show vhe diflerent
kinds of discrepancy thal could happen between two viewpoins, For cach type
ol discrepaney the table should be read [rom top 1o bottom. A dot {8} in & cell
indicates that the task is needed Lo solve that particular kind of discrepancy. The
resolution tasks for the discrepancies that only affect to one category of K8 or
I have been ommitted from the table, as its vesolution task consists morely on an
error {mistake) fix,

KSR | KSR | K'SIY | KSR

Refutation . . .
Translerence . . .
Checking . . .
Adaptation . .
Negotialion

Accoptance

Redesign . . .

Table 2: Resolution tasks according 1o vhe wype of discropancy

5 A Process for discrepancy handling

TFor these ideas about classification and resolution of diserepancies to beeame usctul
in & VBRE process, we have devised o process that asscmbles all the concepts seen
so far. The process we propose for dealing with two discrepann viewpoiuns is repre-
sentod in figure 1. 1o this figure VIT VP, represent two viewpoeints, and \-"'P:;.\-"l’;-
represent the same viewpoints aller some discrepancios have been solved. The three
phases of the process are: Phase 0 (Prelininary}, Phase 1 (Deilection/Classification)
and Phage IT {Resoluition). Figure 1 shows that phase IT could be done as many
limes as needed nniil an adequate number of discrepancies has been solved. Also,
ihe modified viewpoints that resolt alter phase IT could enter phase T again, ag the
process of solving diserepancies could introduce new ones. The remnainder of thig
section s devoted to o detailed explanation of these phases.

5.1 Phase 0

In this preparatory phase, information clicited {rown two stakeholdors s collected
in viewpoints F; and Py and siruetured according to the catepories K, 5 and R for
each viewpoint. Fach viewpoint should be internally consistent, verifving K. 5 |
. This partition of the knowledge internal to cach viewpoint is necdod beeanse
stakcholders do not only express their requivemnents: they could also contribute with
some domain knowledge that could lead to disagreoments with other stakeholders.
Also, in this phase, overlap and diserepancy eriteria are defined.
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Figure 1: Main phases of the process

5.2 Phase 1

This phase, using the eriterin and the viewpoints structured in Thase 0, produces
a list of all discrepancics between them, including the clements affeered and ins
clagsification according to the criteria shown in section 3. Following, a simpli-
licd eraphical description of Phase 1is shown by an example of a K'S'B' tvpe of
diserepancy. A [ormal, detailed deseription of this phase can be {ound in [SM01].

Let us suppose two viewpoluls (4 and £2) whose contents have been structured
in K,5,RosoA—K, U8, JR, with K,,5, - Ro;and B — K, US, J 7y with
Ky Ss = Ry. Lel us suppose that 5, and 8, overlap. This situation is shown ln
ligure 2. There could be a discrepancy between S, and 5, as they both overlap.
This i shown in figure 3. This graphical vepresentation abstracts away from the
particular language nsed and the particular criterion of discrepaney {ed) nsed.

Once the miniinal sot of discrepant elemments in § has been Wdentified, we should
now try to sce if this diserepancy in 8 is, in some way, related 1o a possible dis-
crepancy in A, We do this by obraiuing the clements of X, U &, that overlap with
the discrepancy lound in 5, as shown n fgure 4. Inside this subset of A, we [ind
another discrepancy, shown ag a gridden set in fgure 5. Now we need Lo check if
this discrepancy found in A 1s related wo a discrepancy in £ or not. First, woe [ind
ihe elements of 72, J Ry that overlap with the discrepancy in K. as shown in figure
6. Secondly. we [ind & diserepancy alfeciing those elements, shown in fligure 7.

Now we have identificd the type of discrepancy between viewpoints A and B {a
BTV diserepancy, in this particular case) and we have knowledge of the discrepant
scts that affect cach internal category of A and B Tn this example woe started with
a diserepaney in 8. In the case that another discrepancy in § exists, the process
would he repeated again, When no discrepaneios in 5 are left, the process will try
to find discrepancis in £ and £, following an analogous procedure. ln smmmary,
Lhe oulputl of the process is a list of all the discrepancies belween A and 82, properly
classified and including the discrepant elements that have been found {ihat is, the
gridded subsets i our ligures).
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Figure 2: Overlaps in §

Figure 5: Finding the diserepancy in A

Yicwpain A

R
Wicwpoinl A
K s
R :
K :
Wigwpain 13| 1 KQ Bl :
Figure 3: Overlap and diserepancy in 8 Viewpoint B[R
Fignre 6: Eloments in i overlappoed with
Viewpaint A the diserepancy found in £
K

Yicwpoint A

K 5
Yiewpoint 13 | R
I o ¥
. . . . HERS: g fe . _,._C__:
Figure 1: Tinding the clements of K KN g
overlapped with the discrepancy {ound )
in 5 Vicwpoin B R

Figure 7: Discrepant elemoents in £, re-
lated Lo the discrepant ones in A and
the ones in 8
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5.3 Thase I1

Taking as input the original viewpoints Py and P; and vhe list of discrepancies, this
phase attemtps to solve them, OF course this phase does not pretend 1o provide a
complete automatization of the process: its main focus is on agsisting the resolution
task by generating solutions according to cach discrepancy wype. The output of this
phase consists on the modified viewpoints and a list of unresolved discrepancics,
as not all diserepancies must he solved immediately in a VBRE process |[NKI'94).
The resolution process proposed is based on the vocabulary of tasks introduced in
scetion 4 and [ollows the scheme of lgure 2,

5.4 Example of K’S'IR

Wilh the alin of showing, in a nutshell, how vhe process works, a small example
i3 provided o ihis section. Leou us suppose thal iwo cmplovees, A and B, have
different {discrepant) perceptions aboul the hehavior of a particular sensor, hut
ihey agree wilh the requirements. They both desire a soltware system 1hat should
be able 10 emply & boiler when the temperature reaches a certaln threshold £,
They also desive a switeh with the ability to close a valve. But there is a difference
it how both craplovees see the behaviour of the sensor. Tmplovee A thinks that
the sensor sends signal 00 when tshotemperature is > 4 and cmplovee B thinks
that the sensor sends signal 01 under the same cronmistances, The two viewpolnts
are represented as follows, where square brackets |- .| are used to ndicate shared
phenowena (in the seuse of [£J97]) that oceur au the interface bevween the soltware
and ils environment.

EMPLOYEE A:

Ko emperalure > F = [sensor_(0)]
[door_open] = boiler_emnply
[close_signal] = valec_closed

S [switch] = [close_signal]
[sensor 0] — deor_open]

R temperature > t = boiler_emply
|switch) — wvaltve_closed

EMPLOYLE DB:

K lemperalure = L = [sensor_(V1]
[door_open] — boiler_empty
[elose_signal] - valve_closed

St [smmteh] = |close_signal]
[sensor_01] = donr_open]

R femperature > = hoiler_empty
[switch]) = valoe_closed

An overlap criterion could be based on the sharing, betwoeen formulac, of at
least one literal. The discrepancy criterion for this example could be “identical
sensor values should cause, and be caused by, identical conditions™.  Of course,
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this siple ad hoc criterion would not be uselul, or should be relined, lor other
siluations. Buu it also lustrates how a criterion could be delined without reference
Lo vhe characteristics of the representation language, by locusing, lor instance, on
ihe properties of some ariifact external 1o the sollware, like o sensor. Wih this
criterion in mind, a discrepancy is lound between 5 in 4 and S in B, as dillerent
sensor values lead to the same action {opening the door). The discrepant clements
are:

{A[sensor_00] = deor_open], [sensor_UL] = [door_open]t}

Prom this set, and following Phase L a discrepaney in £ is found:
{{temperature = t = [sensor 0L, temperalure = £ = sensor_00]}}

but this discrepancy does notl allect 72, as both viewpoints agree aboun the require-
ments. So, in this example, the discrepaney belongs o the K'8'R iype. and s
solution, according 1o table L. should traverse these steps: Relutation (1o solve the
discrepancy in K consulting, for example, documentation about sensor behavior),
transforence (to achieve a non-discrepant K after the refutation has been donel,
checking (if it is needed to maintain internal consistency of £ and redesign (mod-
ifving § wo adapt to the transferred &),

6 Conclusions and preliminary results

The process presented here hag been validated 1n two case studies Sil01]. The first
of them dealt with the definition of a stock management system for a personal-
computer builder and seller commpany. Two viewpoints were written using 10 son-
tenees in natiral language. Using inforimal overlap and discrepancy criveria, three
discrepancies were found (one of the type K'88 and wwo of the wwpe 758,
The classification of the discrepancies pointed to the steps needed to solve themn,
according 1o table 1. The othior example was expressed o PParnas tables similar wo
those used in the SCR method [PM95]. Two viewpoinls oflered discrepant views
with regard to ovorriding a sccurity lnjection system {or a pressurized water reactor
{this is a modilication of the problem presented in [IIJLY6]). In roial, 16 tables
were used, and one diserepancy was [ound of the 1vpe KS'R'. From these cases il
was showed that the process proposed 1s able to deal with different representation
formalisims once adequate overlap and diserepaney eriteria have been choser.

T any case, the key idea of the method described in this paper is the need of
a prior classification of the contenes of cach perspective before starting to look for
discrepancies, i order to support the resolution. The elassification we propose is
bascd on the K, § and £ categories introduced by Jackson [ZJ97]. This is an ad-
vaulage over other viewpoint wethods, given that diflerent categories of knowledge
are managed during requircments engineering, wilth independence of the particular
[ormalism used Lo represent them. This previous clagsilication leads naturally to a
classificalion of the discrepancies found, and to adapt the resolution tasks Lo the
special characleristies of each particular category aflecled by a discrepancy.
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