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Abstract

UseCasesre a wide-speadinformal methodfor speci-
fyingtherequirementof a technical systenin theearly de-
velopmenphase Z is a formal notationwhich aimsto sup-
port, besideothers, the specificationof early requirements.
In this paper we developa representatiorof Use Casesn
Z and applyit to several examples.Our focusis on instru-
mentingthe formalizationfor black-boxtestevaluationin
ExecutableZ, a computatiormodelandimplementatiorior
Z basedon concurentconstaint resolution

1. Intr oduction

Use Casesg[9] are a wide-spreadinformal methodfor
specifying the requirementof a technicalsystemin the
early developmentphase.They provide a methodologyfor
theloosebut neverthelessystematidescriptionof aspects
of asystems behaior. Z [8, 10] is aformal notationwhich
aimsto supportbesideothers the specificatiorof earlyre-
guirements. Combining Use Casesand Z is thereforean
interestingexperiment:from Use Casesve mayinherit the
methodology- from Z, we inherit a formal meaning,and
thusthepossibilityto applytoolsfor consisteng checkand
validation.

In this paper we develop a shallov encodingof Use
Casedn Z andapplyit to several examples. As a surplus
of our approachyve getconsisteng checksby Z toolssuch
astype checlers. However, our focusin instrumentingthe
formalizationis on black-boxtestevaluation givena setof
UseCasesn Z, someinput datadescribinga test-caseand
the outputdatafrom a run of the system$ implementation
on the given input, we checkby executingthe Use Cases
whethertheimplementatiorconfirmsto therequirements-
asfar asthey areformalized. To this end,we usethe ZAP
(version2) plugin of the ZETA tool ervironment[2] which
allowsfor theexecutionof significantpartsof theZ notation
usingconcurrentonstraintresolutiontechnique$6].

2. UseCasesn Z

What Are Use Cases? Thereis an ongoingdiscussion
aboutsyntax,semanticand methodologyof Use Casesn

the software engineeringcommunity (seee.g. [1]). Op-

posedto the graphicformalismsfor combiningUse Cases,
e.g. by the“Use CaseDiagrams”offeredby UML [9], the

meansfor specifyingthe contentsof a single Use Caseis

notagreeduponatall.

The UML semanticsstatethat “a Use Casecanbe de-
scribedin plaintext, usingoperationsin activity diagrams,
by a state-machinegr by otherbehaior descriptiontech-
nigues. .. "(UML semanticsgitedfrom [4]). For our pur-
poseof applyingformal techniquesve needan unambigu-
ousdescriptiontechniquewhich is amenableo exactrea-
soning such as test evaluation. We thereforedevelop a
modelrelatedto tempoal interval logic, explicitely using
nondeterministichoice repetitionandinterruption

In summarywe usethefollowing informal definition of
UseCasesnearto theonefoundin [3]:

e The systemswe obsere are characterizedby se-
guence®f interactions Sequencesf interactionsare
calleddialogues

e Eachinteractionhasassigned certainactor. Theac-
tors are often one humanand one technicalsystem,
but severalhumanscanalsotalk to several machines,
or machinescan talk to eachother The important
methodologicalprinciple is that we only look at the
observablebehaior of eachactorandthatall internal
stateis hidden.

e Use Casesare describedby a so-calledfragmentsof
dialogueshetweentwo or more actors. A fragment
schematicallyspecifiesa setof possibledialoguesy a
“pattern” of interactions.

e Fragmentscan be combinedby sequentialcomposi-
tion, nondeterministichoice repetition,andinterrup-
tion.

e We have an(obsenable)global systemstatewhich all
UseCaseshare.This extensioncomparedo a “puris-
tic” ideaof UseCasesllows usto abstraclUseCases
over somedatastate.In the fragmentswve canspecify
how this datastateis transformed.

Notethatwe do notrestrictour modelto only two actors,
asoftenfoundin theliterature,eg. [3]. Moreover, we do



not imposea priori that actorsin dialoguesdo alternate.
Finally, we do not have a builtin conceptof “idle” states.

Example: CashDispenser We look at the fragmentsof
(simplified) dialogueshetweera useranda cashdispenser
(Spec.1). The following basicconstructordor fragments
areused(a formal definitionfollows lateron):

e actoro actionconstructafragmentcontainingthesin-
gleinteractionwhereactor performsaction

e actoroaction/ rel is the generalversionof construct-
ing singletonfragmentsIn additionto actor¢ action a
transformatioron the systemstateis givenby therela-
tion rel. We have actor¢ action = actoro action/ id.

e frag ~ frag' is the sequentialcompositionof frag-
ments.After the dialoguesdescribedoy frag the ones
of frag’ mustfollow.

¢ select frags describesa choicebetweensereral frag-
ments. frags can be an enumerationof fragments,
but also a set-comprehension:.we use the pattern
select{x : A e frag} tointroducealocally boundvari-
ablex in fragmentswhich semanticallyis the choice
betweerall possibleinstantiationof x.

e repeat frag describesherepetitionof frag for zeroor
moretimes.

o frag except frag’ describeghatfrag canbe “inter-
rupted” at someinteractionwhich overlapswith the
first interactionof frag'. It is thencontinuedwith the
behavior of frag’.

For the cashdispensein Spec.1, the type ACTOR de-
finestheactors,useranddispenser Thetype ACTION lists
the actionsperformed. The type Statedefinesthe system
state,which is the mong resene of the dispensel(in an
extendedversion,we might representherethe accountsof
individual card holders). We definetwo operationsDraw
andCantDraw to be usedin the fragmentswhich work on
the systemstaté.

Fromamethodologicapoint of view, we have to justify
thatthevisible representationf reservess not a violation
of our principle thatinner systemstatemustnot be mod-
elledin UseCases.We arguethatthe reseresare observ-
able, sincethe usermay be confrontedwith the situation
thatthedispensecannotsatisfyhis requestbecausef low
resenes.

The fragmentsare given as follows. Normal describes
the usualprocessof a disposition. InvalidCard is an ex-
ceptionalfragmentwhich caninterruptNormal at the point
wheretheuserhasinsertechis card;thecardis immediately

1Theseoperationsare corveniently written as A-schemata.For sale
of type correctnesgheseschematehave to be lifted to binary relations
betweerundecoratedchematawhich is doneby the T-operator Unfortu-
natelythis operatorcannotbe formulatedin a genericway.

Specification1 CashDispenser

section CashDispenseparents UseCases

ACTOR::= user| dispenser

ACTION ::= askCad | putCad | ejectCad | takeCad |
askAmount putAmoun{2)) |
ejectMong((2)) | takeMong

— State —— CantDraw
reserves 2 =State amount : Z
reserves< amount?
— Draw

AState amounf : Z
reserves> amount; reserve’s= reserves- amounf

| == AOp: P(AState e {Op e (fStatedStaté)}
Normal InvalidCard, NoReservesSystem
FragmenfACTOR ACTION, Staté

Normal = dispenser askCad
~ usero putCad
~ dispensep askAmount
~ select{amount : Z e
usero putAmoungamount) /
1 [AState| Draw]
dispenseb ejectCad
usero takeCard
dispenser ejectMong(amount)
users takeMone}
InvalidCad = usero putCad
dispensep ejectCad
usero takeCad
NoReserves= select{amount : Z e
usero putAmoungamount) /
1 [AState| CantDrawj
~ dispenses ejectCad
~ userotakeCaid}
= repeat(Normal except InvalidCard
except NoReserves
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System

rejectedandthe dialogueendsif the userhasremoved his
card. NoReservess a further exceptionalbehaior; it can
continueat the point wherethe userentersthe amountto
draw, and wherethis amountcannotbe sened becausef
low resenes.Notetheuseof ourchoiceoperatoyselect, to
bindtheinputvariableamount in NormalandNoReserves
The overall behavior of the systemis describecby a repe-
tition of the Normal fragmentwhich canbe interruptedby
InvalidCard or by NoReserves

Formal Model. We definethe formal model of our ver-
sion of Use Casesin Z. An interaction is given by the
schemanteraction, genericover the type of actorsa and
of actionsr. A dialogueis asequencef interactions:



section UseCasesModel

’/ Interactiona, 7]
a

ctor: a; action: 7

Dialoguda, m] == seq Interactiona, ]

A patternis asequencef interactiongairedwith astate
transitionrelationoverthe statetype X.. A fragmentis a set
of patterns:

Patterna, m, ] == seq(Interactiono, 7] x (£ <= X))
Fragmenfo, 7, ] == P Patterno, 7, ]

Ourbasicconstructofunctionsfor fragmentsaredefined
asfollows? :
function 65(_:: )
function 60(_¢_)
function 60(_o_/_)

—la, 7]

_u_==)actor: o; action: 7 e finteractionc, 7]

—lo, m, 3]
_o_/_-==Mactor: o; action: m; r: L <> e
{((actor:: action r))}

o, m, X}

_o_==)actor: o; action: = e actoroaction/id[X]

For thesequentiatompositionf ~ f’, all combinations
of thepatterndn f andf’ areconcatenated:

function 50 rightassod(- ~ _)

a’ﬂ-’ E]
-~ _== )\f,f' : Fragmenfa, 7, %] o (-~ )(f x ')

For the repetition, repeat f, we constructa relation
which concatenatesomepatternp; with somepatternp, €
f. Theimageof the transitve closureof this relation on
the empty fragmentrepresentsll possibleconcatenations
of the patternsf therepeatedragment:

a, T, X}
repeat == Af : Fragmenfa, 7, %]
{py : Patternjor, m, 325 pa : f o (p1, P~ P2)} ({O})

For theinterruptionoperatoyf except f’, we enrichf
by all patternsconsistingof a prefix of p € f concatenated
with a continuationp’ € f’ suchthatthe interactionat the
endof the prefix of p coincideswith the interactionat the

2Thetemplatedeclarationgor userdefinedfunctionsandrelationsare
new featuref standard. Sois thesectionconstructwhichallows seper
atetype checkingandexecutionof partsof this document.

beginningof p’. Notethatthe statetransitionrelationat this
overlappingpointis takenfrom p', notfrom p:

function 40 leftassoc(- except _)

a’ﬂ) 2]
_except - == \f,f': Fragmenfa, 7,%] e fU
{p:f; p':f';i:N|ie domp; first(pi) = first(p' 1)
o((L..i-1)<p) " p'}

Our last constructionoperatorfor fragments select fs,
is justanaliasfor generalizedinion, collectingall patterns
from from all fragmentd € fs:

a’ 71-’ E]
select == U[Fragmenta, m, ]

Sofarwe have seerhow fragmentsareconstructed The
satisfactionrelation on fragments(d, o) € f, relatesthe
dialogued andintial statec with the fragmentd they con-
firm to:

relation (- €f )
o, T, X}
- € -: Dialogude, 7] x ¥ <= Fragmenje, m, X]
Vd: Dialoguge,7]; o : Z; f : Fragmenfa, 7, X] e
(dyo) erf &
(3p:fe
o € dom(fold(_ 3 _)(second> p)) A firsto p = d)

Thus, a dialogueand initial stateconfirmsto a fragment
if thereexists a patternin the fragmentsuchthat the ini-

tial stateis in the domainof the compositionof all state
transitionsin the patternand the interactionsof the pat-
tern matchthe dialogue(wherefoldf (xs, ... ,xn) denotes

xf oo fx.)

3. Executing UseCases

In [5, 6] a computationmodel basedon concurrent
constraintresolutionhas beendevelopedfor Z. A high-
performanceirtual machinehasbeenderived,whichisim-
plementedaspartof the notationandtool integrationenvi-
ronmentZETA [2]. In this implementationall idioms of
Z which arerelatedto functional and logic programming
languagesare executable. Below, we illustrate the basic
features,and develop an encodingof fragmentswhich is
executable.

Executing Z. As setsare paradigmatidor the specifica-
tion level of Z, they arefor the executionlevel. Setobjects
— relationsor functions— areexecutablaf they aredefined
by (recursve) equationsasin thefollowing example:



section ExecExamples
N == Z| S(N))
| add: P((N x N) x N)
add={y: N e ((Z,y),y)}u
{X%y,2:N| ((X,y),2) € add e ((Sx,y),Sz)}
| less=={x,y,z: N | ((X,S2),y) € add e (X,y)}

| three== $(§(S(2)))

We may now executequeriessuchasthe following, where
we askfor the pair of setscontainingall thoseN lessresp.
greatetthanthree

({x: N | (x,threg) € lesg,{x: N | (threg x) € lesg)

~ ({Z,S(2),S(S()N{S(S(S(SCM)

Notethatthe secondvalueof theresultingpair is a single-
ton setcontainingthefreevariablex. Thesecapabilitiesare
similarto logic programmingln fact,we cangiveatransla-
tion from ary clause-basedystemto a systemof recursve
set-equations thestylegivenfor add, wherewe collectall

clausedor the samerelationalsymbolinto a union of set-
comprehensiongndmapliteralsR(ey, . .. , &,) tomember
shiptests(ey, ... ,&) € R

The functionalparadigmcomesinto play asfollows: as
known, a binaryrelationR canbe appliedin Z, written as
Re, which is syntacticsugarfor the expressionuy : X |
(e,y) € R For computinggoalssuchasapplicationor u-
values,we useencapsulategeach. During encapsulated
searchree variablesfrom the enclosingcontext arenot al-
lowedto bebound. A constraintrequiringa valuefor such
variablegresiduatesntil the context bindsthevariable.

As aconsequencd, we haddefinedtherecursve pathof
addas{x,y,z: N | z=add(x,y) ¢ ((Sx,y),S2)} (instead
of using((x,y),2) € add), backwardscomputationwould
notbepossible:

{x: N | (x,threg € less
~> unresolved  constraints:
LTX:cpinz(48.24-48.31)
waiting  for variable X
Here,theencapsulatedearcHor add(x, y) cannotcontinue
sinceit is not allowed to producebindingsfor the context
variablesx andy. Thisway, we cancontrolevaluationorder
The eleganceof thefunctionalparadigmcomedrom the
factthatfunctionsarefirst-ordercitizens.In ourimplemen-
tation of executionfor Z, setsarefull first-ordercitizensas
well. For example,we canimplementoperatorsuchasre-
lationalimageasfollows:

X, Y]

() ==AR:P(XxY); S:PXe
{X:X;y:Y|Xx€ESA(XYy) ER ey}

We cannow, for instance,queryfor the relationalimage,

R(9), of the add function over the cartesiarproductof the
numberdessthenthree:

let ns== {x: N | (x,three) € lesg e add(nsx ng
~ {Z,5(2),5(5(2)),S(S(S(2))),
S(S(S(S(@M}
It isalsopossibleto definethearraw typesof Z, asshavn
below for the setof partialfunctions:

X, Y]
==
{R:P(XxY) |
(Vx:X|xedomRe 3, y:Y e (xy) €R)}

This examplemakes use of universaland uniqueexisten-

tial quantification which area sourceof non-executability

in our setting. Thesequantifiersare resoled by encapsu-
latedsearchandwe mustbe ableto finitely enumeratehe

guantifiedrange.Thus,if we try to checkwhetheraddis a

function,we getin afew seconds:

adde N x N -+ N
~ still searching
gc # 1 reclaimed

after 200000 steps
28674k of 32770k

In enumeratingadd our computationdiverges. However,
for finite relationsit works:

(A% y: N | (x threg € less (y,three) € lesse add(x,y))
€NxN-+N
~ *true*

The example also illustratesa rough edge of our ap-
proach.TheZ semanticslefinegsheschemaextf : N+ N
to be equivalentto f : P(N x N) | f € N - N. This
treatmentcausesseriousproblemsfor executability aswe
have seenIn theimplementatiorof executableZ, wethere-
forediscad constraintsntroducedy declarationsthey are
treatedasassumptionsvhich may be utilized by the com-
piler. If adeclaredmemberships actuallya constraintre-
quiredfor execution theuserhasto placeit in theconstraint
partof schemaext.

ExecutableEncodingof UsesCases. Thesatishctionre-
lation for fragments,(d,o) €r f, whered is a dialogue,
o asystemstateandf afragment,is not executablein its
descriptie definition from the previous section. We could
perhapglefineanexecutableversionof the constructordor
fragmentsandof the satishctionrelation: however, therep-
resentatiorof fragmentsas setsof patternsis a dead-end
regarding efficient executability The problemcomesap-
parentin the definitonof f ~ f' = (L~ )(f x f'): a
commonprefixp € f is not sharedn the compositionand
needso be“parsed”againfor everyp’ € f'. A betterrep-
resentatiorwould usetrees preservingcommonprefixesin
fragments.Basedon this ideawe now will developanen-



codingof fragmentsallowing the efficient executionof the
satishctionrelation.

For atree-like representationye encodedfragmentsasa
setof brandhes A branchis eithereod — indicatingthata
dialoguemay endhere— or br(i, r, f), wherei is the inter-
actionatthe headof this branchy the statetransition,andf
thefollowup fragment:

section UseCases

’/ Interactiona, 7]
a

ctor: a; action: 7

Dialoguda, 7] == seq Interactiona, ]

Brandh[a, 7, X] ::=

eod |

br((Interaction, 7] x (X «— X) x Fragmenfa, , X))
Fragmenfa, 7, ¥] == PBrand[a, 7, ]

This definition makes useof an extensionof the Z of the
ZETA system,allowing genericfree types. Note that the
power operatorusedfor fragmentscannotbe the general
powersetin orderto let theconstructiorbe consistent with

P we denotethe “executable’power-sets.

Basedon the tree encoding,we redefinethe operations
on fragments.The operatotemplatesand constructordor
interactionsremainthe sameand are not repeated. Basic
fragmentsareconstructedsfollows:

a, T, X}
_o_/_-==)actor: o; action: m; r: L<«—> e
{br(actor:: action r, {eod})}

For the definition of sequentialcomposition,we usea
techniquewhich is paradigmaticfor the tree encodingof
fragments:the compositionis lazily “pushed”throughthe
constructiorof thetree:

o, T, X}
-~ _: Fragmenja, 7, ¥] x Fragmenjo, 7, X] —
Fragmenia, 7, X]
(-~ ) = Ay, T2 : Fragmenfa, 7, X] @
(if eod € f; then f; else &) U
{i : Interactiona, 7]; r: ¥« X
f : Fragmenfa, 7, X] | br(i,r,f{) € f;
ebr(i,r,f{ ~f2)}

In the definition of the repeat operatorwe embedthe
recursve expansionof theoperatorin asetcomprehension:

o, m, X}
repeat : Fragmenfa, 7, ¥] — Fragmenia, 7, 3]

repeat = \f : Fragmenfa, 7, X] o
{eod} U (f ~ {b: Brandh|e, 7, %] | b € repeatf})

Thedefinitionof f; except f usessimilartechniques:

o, T, X}
_except _: Fragmenfa, 7, X] x Fragmenfa, 7, £] —
Fragmenfa, 7, X]
(- except ) = Afy,fy : Fragmenja, 7, %] o
(if eod € f; then {eod} else &)U
{i : Interactionfa, 7]; 11 : £« X
f{ : Fragmenfo, 7, X]
| br(i,r1,f{) € f1 o br(i,r1,f] except f)}U
{i : Interactiona, 7]; r1,ry: X=X
f{,f; : Fragmenia, 7, ]
| br(i, rl,fl') € f1; br(i,l'z,le) c€fy e br(i, rz,fé)}

Thethird casein thesetuniondescribesheactualinterrup-
tion, wherewe continuewith f,, provided thatthereis an
overlappingbetweera currentinteractionof f; andthefirst
interactionof f,.

The definition of the choice,select, is the sameasin
the modelsemanticyselect = [J). Generalizedinionis
executableby the definition|JSS= {S: PA; x: A| S¢€
SS x € S e x} asprovidedby the standardZ toolkit.

We finally definesatishction: (d, o) € f “parses”adi-
alogueandinitial stateby trying the branche®f afragment
tree:

—a, T, X}
- €r _: P((Dialoguda, 7] x ) x Fragmenia, m, )
(-€r) =

{o:%; f : Fragmenfa, 7,%] | eod € f
*((),o) = f}Iu

{i : Interactiona, 7]; d : Dialoguda, 7]; 0,0’ : &
f,f' : Fragmenfa,m,3]; r : T «+> %
| br(i,r,f") € f; (o,0") €r1; (d,0') € f’
o((iy~d,o) —f}

Example: Testing The Cash Dispenser We can now
testsatishction of given dialoguesregardingthe cashdis-
pensers Use CaseqSpec.1). Let sometestdialoguesbe
definedasfollows:
section CashDispenser
d; == (dispenser: askCad, user:: putCad,
dispenser: askAmountuser:: putAmoung400),
dispenset: ejectCad, user:: takeCad,
dispenser: ejectMong(400), user:: takeMongy)

d> == (dispenser: askCad, user:: putCad,
dispenser: ejectCad, user:: takeCad)
o1 == {reserves== 600); o, == (reserves== 800)



Herearesomequeryresults:

(di,01) €F System = *true*
(di ~ dg,01) €F System = *true*
(dy ~dy T dy,01) €F Systene> *false*
(dl Tdy T dl, 0'2) € System} *true*

In thethird case theresenesaretoo low to sene two sub-
sequentequestof the amountof 400 units. In the fourth
casetheresenesareraised,suchthatthe requestanbe
satisfied.

The efficiency of the executionof suchqueriesscaleso
larger test-datainput. Dialoguesof length 1000 are pro-
cessedn approximatelyl0second®naPentium-I11/40Cfor
the cashdispenseexample. In generalefficiency depends
onthekind of specificationandtheamountof backtracking
requiredto recognizeadialogue.

Thusthe executionof the dispenses Use Casescauses
no problems.In generalgivenaninputdialogueandinitial
systemstate we canexpectto executea large subsebf Use
Casedefinitionsin the presentedtyle. Restrictionsarethe
followings:

o For the statetransitionrelationsr, we mustbe ableto
enumeate solutionsto (o,0') € r. r maybeatrue
relation,andthe solutionscanbe enumerate@dymbol-
ically. However, if theenumeratiomappengo beinfi-
nite, our methodis not complete andsinceour imple-
mentationof Z usesdepth-firstsearchnot even semi-
complete.

e The useof select{x : A e f} in orderto introduce
local variableshassomerestrictions.We cannotwrite
fragmentsf thekind

select{x?: Z e Acoget(x? — 1) ~ Boput(x? + 1)}

Thereasoris thatourimplementatiorof executableZ
currentlydoesnot provide arithmeticconstraintsand
atermlike get(x? — 1) cannotbe constructedintil the
variablex? is bound (technically the accordingcon-
current constraint“residuates”). However, we may
write

select{X?,xX1: 2 | x?+1=x—1
e Aoget(x?) ~ Boput(x!)}

The resolutionof the constraintin the choiceis de-
ferreduntil all necessarynformationis available,that
is, x? andx! arebound.

4. ConcurrencyAnd Its Application

The model given in the previous sectionsis adequate
for theloosedescriptionof systemdik e the cashdispenser
wheretwo or moreactorscommunicaten a fixed order It

touchests limits, however, if the dialogueswve wantto de-
scribeconsistof aninterleavingof interactionsof different
threads

As an example, considerthe problemof describingan
elevator system. In sucha system,we have n userswhich
interactwith one elevator Whena usercalls the elevator,
until thisrequests sened,otheruseramaybe senedwhich
are“on theway” of the elevatorfrom its currentfloor to the
first usersfloor. Thoughwe maymodelsuchabehaior by
anaccordingsystemstate this would not bein the spirit of
Use Cases.Instead,we wantto be ableto usedescriptve
fragmentsof thekind usern o call ~ elevatoro opendoor
—which describeghe serviceofferedto someusern, inde-
pendentof serviceswhich might be provided at the same
time (resp.interleared with this service). This motivates
the developmentof a simple modelof concurreng, which
is appliedto the problemof an elevator systemin this sec-
tion.

A Simple Model Of Concurrency To model concur

reng/, we consenatively extendour currentencodingby a
new operatorfor parallelcomposition. The definition uses
the same“trick” asbefore,pushingthe compositionlazily

throughtreeconstruction:

function 45(_ || .)
—ia, m, X}

_|| - : Fragmenfe, 7, £] x Fragmenfe, 7, ¥] —
Fragmenfo, 7, ]

(-] ) = Af1,fa - Fragmenfo, 7, X] @
(if eod € flthen fg
elseif eod € f; then f; else J)U
{i : Interactiona, 7]; r1,r2: X «= X
f{,fy : Fragmenia, 7, 3]
| br(i, rl,fll) S fl; br(i,rz,fé) ef,
° br(i, riNra, fll || le)}U
{i : Interactiona, 7]; ry : X=X
f| : Fragmenja, 7, X
| br(i,rl,fl') cf e br(i,rl,fl' || fz)}U
{i : Interactiona, 7]; ry : X=X
f, : Fragmenja, 7, X
| br(i, r2,f5) cfy 0 br(i,rz,fl || le)}

Our parallelcompositiorallows the synchronousswell as
theinterleavred combinationof fragments.n the definition,
thisis realizedby thefour cases:

e eod is in oneof the fragmentsf;; thenit is continued
with the otherfragment(interleavedcomposition)

e bothfragmentssynchronouslystepon the sameinter-
actioni; the statetransitionsarejoinedasr; N ry, and



thus must be compatible(this is in differenceto ap-
proachesvhich useracing to handleconflictsin syn-
chronoudransitionsg.g[2]).

e one of the fragmentsproceedqinterleaved composi-
tion)

Example: Elevator System. Asanexampleapplyingthe
concurreng model,we defineUse Casedor a (simplified)
elevator system. The basic domainsusedare definedin
Spec.2. We representocation andtime by naturalnum-
bers. The constantMINOPENTIME specifiesthe minimal
time anelevator’s door shouldbe keptopen. A floor is de-
fined as an abstractionover the numberof the floor. The
function floorLoc associates locationwith eachfloor. A
directioncanbe eitherup or down

Specification2 BasicDomains

section Elevator parents UseCases

LOCATION ==N

TIME ==N

MINOPENTIME== 20

MAXFLOOR ==14

FLOOR = floor{(1.. MAXFLOOR)
floorLoc == \f : FLOOR e (floor~)f «3
DIR == up | down

Spec3introduceghesystenstate State andoperations
onit. The stateis givenby atime stamp,a locationof the
cabinanda queueof requestscontainingfloorsin the or-
der the cabin shall approach.We supposehis stateto be
visible to usersof anelevator (for example,the locationof
the cabincanbe visualizedby lamps); hencethe principle
of obsenability is not violated.

The function queueRequedtreqsf,d) queuesa re-
guestin the right order, giventhe situationthat the eleva-
toris atl andis requestedo senef in thedirectiond. We
supposehis functioninsertsf into the queueof requestsn
a“fair” way, servingrequestson theway” to headreqsif
possible. Thedefinitionis left openin this presentation.

TheoperatiorRemeeRequestemovesthenext request;
its preconditiordemandshatthereis actuallyarequestand
thatthe cabinis at the floor of this request.The operation
Movecheckswethera changeof thelocationof the cabinto
target? confirmsto the currentrequesgueueif therequest
gueues empty no changds allowed;if it is nonempty the
cabinshallapproachthefirst floor in sequenceandit shall
notoutruna floor whichis requestedFinally, the operation
Tick describes changeof thetime stamp.

Spec4 definesthe actorsandthe actionsof the elevator
system. We have n users,the cabin, andthe clok. The
clodk performsthetick action,thecabinmovesto alocation

Specification3 SystemStateand Transitions

— State
time: TIME; location: LOCATION

requests seq FLOOR

| t== AOp: P(AState e {Op e (§StatedStaté)}
queueRequestLOCATION x seq FLOORX
FLOORXx DIR — seq FLOOR
—— AddRequest

AState Z(State\ (requesty)
floor? : FLOOR dir? : DIR

requests= queueRequefbcation requestsfloor?, dir?)

— RemeeRequest
AState Z(State\ (requesty)

requests# (); location= floorLoc(headrequests
requests= tail requests

— Move
AState =(State\ (location)); target? : LOCATION
requests# ()

Jgoal == floorLog headrequestse
target? # goal =
abs(target? — goal) < abs(location— goal) A
(target? > location=- goal ¢ location. . target?) A
(target? < location=- goal ¢ target? . . location)
location = target?

— Tick
AState =(State\ (time))
duration? : TIME

timéd = time + duration?

Specification4 ActorsandActionsof the Elevator

ACTOR ::= user(N)) | cabin| clok
ACTION ::= tick((TIME))

| call{(FLOORx DIR))

| selec{FLOOR)

| moved({LOCATIONY)

| opened closed

andopensor closesthe door, andusern calls the cabinat
a givenfloor for a certaindirection,or selectsa floor from
insidethe cabin.

The userview on the elevator systemis definedby the
fragmentsn Spec.5. Eachfragmentis parameterizedver
the numbern of a user;in the sequelwe will instantiate



Specification5 Users View

Specification7 Clock’s View

UserCalls UserSelectsElevatorServedJser:
N — FragmenfACTOR, ACTION, Staté

UserCalls=An:Ne
select{floor? : FLOOR dir? : DIR; t: TIME

e usernocall(floor?, dir?) /
1 [AState| AddRequest
~ cabinc opened
1 [AState| RemeeRequestt = timg
~ cabine closed/
1 [EState| time— t > MINOPENTIME}
UserSelects=An:Ne
select{floor? : FLOOR dir? : DIR; t: TIME
e usernoselecfloor? /
1 [AState|
dir? = if floorLocfloor? < location
then downelse up
AddRequedt
~ cabinc opened
1 [AState| RemeeRequestt = timg
~ cabine closed/
1 [EState| time— t > MINOPENTIME}
User=An:Ne
repeat(select{UserCallsn, UserSelecta})

Specification6 Cabin’s View

| Cabin: FragmenfACTOR ACTION, Stat¢
Cabin=
repeat(select{target? : LOCATION
e cabino movedtarget? / 1 [AState| Movel})

theseviewsin aparallelcompositiorUser1 || User2 || ... .
A userrepeatedlycalls from a floor or selectsa floor, and
is thensened by the elevator, which stopsat the floor and
keepsts dooropenfor atleastMINOPENTIME

The cabinview is givenin Spec6. It justdescribediow
the cabin movesfrom targetto target, using Move at each
stepto testif the move is valid andto updatethe location.
Notethattheinteractionscabine openedandcabine closed
belongto theuserview, andnotto thecabinview. Theclock
view, Spec.7,finally defineshow theclockrepeatedlyicks,
updatingthetime stampin the systemstate.

Our overall modelis givenby a parallelcomposition

Userl || ... || Usern || Cabin|| Clock

where the interactionsdescribedby the individual frag-
ments may appear in arbitrary interleasing or syn-
chronouslyprovidedthereexistsavalid systemstatetrans-
formationwhich fulfills this combination Eachof thefrag-

| Clock : FragmenfACTOR ACTION, Stat¢
Clok =
repeat(select{duration? : TIME
e clockotickduration? / 1 [AState| Tick]})

mentsin the compositioncan be thoughtof an individual
thread communicationbetweenthesethreadsis realized
via the systemstateor by synchronousdnteractions. We
supportonly a staticnumberof suchthreadsandthusmust
know in advancehow mary usersappeain agivendialogue
beforewe cantestfor conformanceof this dialogueto the
usecasespecification.
We make someevaluationexperiments.Let the follow-

ing testdatabe given:

o == (p[State| time = 0; location= 0; requests= ()])
d; == A duration: TIME e
(clock:: tick 10, user1 :: call(floor 2, up),

cabin:: movedfloorLod(floor 2)),
cabin:: openedclodk:: tick duration, cabin:: closed

Testevaluationyieldsin:

(d1 60,0) € Userl || Cabin|| Clok = *true*
(di 10,0) €g Userl || Cabin|| Clok = *false*

In the secondcase,the time the door was kept openis to
small.

Thenext setof testdatadescribeghe situationwherea
userwhich callsthe cabinatafloor which is on the cabin’s
way is senedin correctorder(dz) andin invalid order(ds):

d, == (userl :: call(floor 3, up), user2 :: call(floor 2, up),
cabin:: moved(floorLod(floor 2)),
cabin:: openedclodk:: tick 40, cabin:: closed
cabin:: movedfloorLod(floor 3)),
cabin:: openedclock:: tick 40, cabin:: closed

dz == (userl :: call(floor 3, up), user2 :: call(floor 2, up),
cabin:: movedfloorLod(floor 3)),
cabin:: openedclodk:: tick 40, cabin:: closed
cabin:: movedfloorLoc(floor 2)),
cabin:: openedclock:: tick 40, cabin:: closed

As to be expectedwe get

(dz,0) €r Userl || User2 || Cabin|| Clodk => *true*
(ds, o) € Userl || User2 || Cabin|| Clok = *false*

In the examplesabove, we hadno synchronousnterac-



tions (wheretwo parallelfragmentsconsumethe samein-
teractionof a dialogue). The following testdatadescribes
asituationwheretwo usersaresenedat the samefloor. In
thiscasethecabinoopened .. dialogueneeddo beshared
by theseusers:

ds == (userl :: selecffloor 3), user2 :: call(floor 3, up),
cabin:: movedfloorLoq(floor 3)),
cabin:: openedclock:: tick40, cabin:: closed

(dg, o) € Userl || User2 || Cabin|| Clok = *true*

5. RelatedWork and Conclusion

We have presentea settingwhich allowsfor theintegra-
tion of UseCasesandZ in requiremenspecificationsThe
benefitsof bothapproacheseemto be presered,compen-
satingthe flaws of eachother For Use Caseswe do not
find anexactsemanticsn theliterature,which makestheir
instrumentatiorby tool supporthard,and no standardvay
for describingsystemstateswhichis oftenrequiredin real-
world applications Both aretakenfrom Z in our integrated
setting. The Z methodologyfor sequentiabystemspn the
otherhand,missesa way how to combinestatetransitions
in specificationsand how to definel/O behaior. This is
takenoverfrom UseCasego theworld of Z.

In [3] a specificationof UseCasesn Z hasbeengiven.
The focusis on understandindJse Cases,not on instru-
mentingthem for specificationin combinationwith Z, as
hasbeendonein this paper

The possibility to executeour integratedUse Caseand
Z specificationsfor the purposeof test evaluation shavs
the power of theimplementatiorof executableZ [6]. This
power is mainly achiesed by the combinationof higher
ordernesgwhich supportssuitableabstractionsyith con-
currentconstaintresolution whichallowsto suspendjoals
aslong asenoughinformationis availableto resohe them.
The computationalsettingis comparableto that of logic
functionallanguageg7], but achievesits uniqueflavor by
its set-orientation.

Our executableencodingof fragmentsby infinite trees,
whichareincrementallyunrolled,is notonly suitedfor Use
Cases,but canbe usedto encodeother kinds of positive
tracelogics. For example,we have applieda similar model
to an encodingof the positive subsetof discretetemporal
interval logics. A disadwantagds, however, thatthe current
implementatiorof ExecutableZ doesnot always presere
sharingand doesnot perform memorization. Futurework
on ExecutableZ thusaimsat supportinghesefeatures As-
sumingthey would bepresenttheencodingoy infinite trees
is probablyasefficient asthe muchharderto maintainrep-
resentatiorby automatons.

The introduction of concurreng into Use Casesby a
combinationof interleaving andsynchronicityis a promis-

ing approactto strengtherthe power of thiskind of specifi-
cations.However, furthervalidationis requiredwvhetherthis
approaclscalesupto largerexamplespothfrom amethod-
ological point of view asfrom the point of feasibility for
execution.Regardingthelastaspectthe compleity seems
to bemanageablaslongasno deepbacktrackingoecomes
necessarythatis, the “right” interleaving is decidedearly
in abranch.

On the meta-level of software engineeringthe experi-
mentof joining aninformal anda formal specificatiortech-
niguegrantsbenefitsto bothsides.We experiencedhatno-
tionsandrulesfrom the informal world arelifted to a new
level of higherexactnessassoonasa mathematicapendant
is beingconstructedOnthe othersidetheinformal context
requiresa certainamountof flexibility andloosenessfor
which the formal techniqueshave to modify their expres-
sivnessaccordinglyandwhich cansene asa measureor
feasibiltyin future practice.
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