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Formal verification of OMT dynamic models
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Abstract, This paper proposes to apply model checking to the verifi-
cation of the consisiency betwern diagrams prodeced in the analysis of
a syslem folbawing the OMT methodology, It is then shown how this
verification teclndgne ean be integrated in a commercinl CASE tool.

1 Introduction

Industrial acceptanee of fornad methods is linpered by their notational diffi-
evdty and by the ainount of theoretical knowledgze often needed to apply them.
Rigorons, though informml. methods, often hased on graphical notations, liave
Beeir instend noge s more widely snd sueressfully applied i industry. A araph-
ieal notatien is able to vividly represent some intnition on the deseription of a
problem at the analysis stage and =il is able 1o guide the following design in
a rigorons manner, o o stage i whiclt inportant pieces of code can be drawy
directly from such pietnres and the associated textual aunotations, Many so
ealled "CASE™ tools are able to support this development. trajectory, from the
iformal anadysis stage to the rdgoronsly generated code. The possibiliny of gen-
erating coxde [ron pictures revesls that pieture themselves shanld Lave a formal
duofinition, i order 1o he ahle to define a code generation algorithm; often CASE
tonds check the senmantie eonxistency of pictnres before generating the code, not
allowing sy code prodaction if the pictures have no precise semantic meaning;
the development, process shonld he able to refine the nitial informal pictures of
the analysis phase into more precise ones at the end of the design phase.

The precise definition of the meaning of pictares can be taken as the ha-
sis Lo apply technigues developed inthe formal methods field to jnerease the
verification mud validation capabilities of commercial CASE toals.

Iu partienlar, we consider the OMT methodology [16], in which three models
(Object, Dynamic. Fanetional) of a system are defined at the analvsis plage, al
represented by zraphieal natadions, which are then refined in later design stages
witil SQL or Ohjeer-Oriented progrimn strictires can be penerated.

A fonnalization of OAMT methadology has been already considered in [2.4 5]
In {ﬁ}__ aformalization of the Olgeet and Dypamic models nsing the B miethiod [1]
15 proposed. Thix Tormalization allows reachability analyvsis 1o he performed by
theorem provimg an the Alstract machines which formalize the State Transition
disgrams ol the OM'T Dynnmic model,

Madel checking [7] is mn established techmiques to prove properties of state

machines, aud provides an effective alternative 1a theorem proving in all,éhe



cses 110 which the eomplexity of the systetn in terins of number of states is 1ot

exceedingly great. Being an algorithmic techitque, it can he applied withont
tvolving any Innna formal ressoning, and this should be well accepted in the
mdustrind praciice,

In this paper we show how inodel checking can be applied to prove algorit-
tically propertios on the state dingrams of the OMT dynamic medel, and in
particular, how suely algorithins can be embedded in a CASE tool so to hide any
formalities to auser, letting i /her to express properties only hy reasoning on
the pictinres drawn by linnfhersell,

2 OMT methodology - the Dynamic model

The OMT methodology = hased on the definition, at the analysis phase, of
tiree models of a system (Object, Dynamic, Punctional), which show different
viewpoints of Lhe samne systen,

The Object madel describes asystenm as o collection of classes with their
relations (aggregntion. inheritanee, or any olher relation): therefore the Object
model 3= alide to deseribe the strueture of the system, especially in terms of data
and thetr relationships,

The Dhynamic model deseribes the hiehavionr of the systemn, hoth in terms of
the internal bebaviour of the single classes (throngh state machine definitions)
aid 1 terms of the interactions hetween classes and between the systemn and the
external environment.,

The Finetional model deseribes, by nieans of Data Fiow Diagrams, the fine-
tionality of the operations of the system, without reference to which class and
witfiin whicl: behaviour is performing them,

Thefind of the application dictates the refative inportinee of one of the three
models over the others, While, for exinnple, dati-hase oriented applieations will
bedeseribed tiainly by the Object madel, control-intensive applications will put
signilicant enphasis o the Dyisosie ioded,

Tn this paper we e espectally concerned with the Dynamic Model, aud
therelore targeted 1o control-mtensive applications,

The Dynamic wodel of a syster is composed of three kinds of diagrams:

= Class Cormmumeation dingrain, whicli shows the topology of the iuteractions
hetween the classes of the systen;

- State Transition dingrains, one {or each interacting class, They represent. the
Belavionr of elasses as autoata where transitions hetween states model the
Iterartions with obiter cinsses: Actnaily, OMT State Transition dingrans are
hased on Statecharts [13] mowhich aosingle state can be decomposed i several
stibstites,

Event ‘Trace dingrnms, also called Scenarios, which are immportant interaction

sehemes, ciach involving a subset of the clisses aof the systern.

Actually, seenarios are the st diagrans drawn to define the Dyuamic model.
For their intuaitive appearance, they are asuitable mean to fix ooee for all the
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Fig. 1. The Class Comnmmnieation dingram of a Imonidoring systes

man interiction schemes i the early specification plises (see the exandes of
Fag. 2 amd 3 for aosystemn composed of amonitor, a temnperatare sensor, a clock
ahd an alarin deviee),

The Tater definition of Class Comumimication diagrams and State Trausition di-
agrams which together contrilnate to a complete definition of the helavionr of
the systems, will have to comply with the defined scenarios. Here the validation
problenn we aiun to solve comes: do the Class Comrmication diagrams and the
State Transition dingrams comply with the Event Trace dingrams?

T give wn exinnple, cousidler the Cliss Commnnieation diagran of Fig. I of the

exatnple monitoring systenr and the State Transition diagram given in Fig. 4
that represents o possible helinvior of the monitoring systenr, The (uestion that
can arise s is this belavionr eompatible with the Event Trace dingrams ol Fig.
2 a3

To give an answer to questions like this o solutiou can be found in alveady
established Tormal verifeation methods, techniques and tools. To particular in
this paper we will use for this purpose the verificntion methodology supported
by the JACK environment [12].

3 The model checking facilities of the JACK environment

The iden beliind e JACK environment™ wis to combine dierent, specification
and verilication tools. independently developed at different sites. A first EX[Ier
intent in building verilication tools, hased o existing ones, is described in 8],
Following this attempt. the JACK environinent Las been developed exploiting

* Detailed  information abont JACK and its camponent tools are available  at
Wttp:/ frepllici.piourit/ Projectsf JTACK
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Fiez. 20 An BEvent Trace dingram Tor the monitoring systeam

the Fo2 format [3. 14] which has heen proposed as a standard format for repre-
senting aittomata. 1y this fonnat an antomaton is defined by means ol a set of
tables which keep the information abont state nanves, are labels and trausition
refations hetween states. One of the main objectives of JACK was fo provide
aienvironment inowhich a user can choose from several specification and ver-
Hication tools by o sinples user=riendly graphic intecface and create o general
systern {or mannging any ool Mmt has an input or onipui based on Fa2 formad,
files. Such tools can easily be added to the JACK environtent, thus extendiug
its poiential.

Some of the tools within JACK allow a systetn specification to be ault. This can
be done botly by entering a specification in a textual form as a process algebra
terne and by using sophisticated graphical procedures to huild a specification
as an mitomaton or as a net of antoata. Then, model checking techmigues [7)
are used to venly salely and Hyveness properties of a system, The action hased
version of CTLTHTL called ACTL [9) is used in FTACK 1o fonnalize propertios
of canenrrent. systems. ACTL s o tetaporal logic that s smitable for describing
the heliaviony of systems that perfornn actions during their working time, Tn
Frct, ACTL embeds the tdea ol “evolution i time by actions”™ and s suitable Tor
deseribing the varions possible temporal sequences of actious that chiaracterize

a systenn beliaviour (s ACTL s a0 branching tine temporal logic).
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Fig. 3. Auwother Event Trace diagram for the monitoring svstem

4 Verifying OMT diagrams within JACIK

To be able to use the verification [acilitios of JACK | the OMT diagrams have
to be transformed into Fe2 antomata that are its required input. format

This can be dene in o straightlforward way.

The topology given by the Class Commisication diagram can he divectly mapped
mito o FaZ network topology, sinee Fe2 already is alle to describe a “network”
of interacting processes. each deseribed i1 iks turn by a State Transition diagram
(A1 antomaton).

The State Transition diagrams can be directly weitten as Fe2 automata, Tn
Statecharts, a single state can he decomnposed in substates: this require a more
cotplex, but still feasible, transfntion into o2, which will explode avery stite
of the State Transition dingran inte the constitnent states. For even sitaple,
bt ot plain, Statecharts, this translation can produce a so called “slate space
explosion”. sinee the nmunnber of states of the produced model can grow exponen-
tinlly with the mnnber of subeomponents, Several techuiques and tools can he
nsed to allord this problem, but this issue s not discussed further hy this paper.
Event Trace diagrams are then expressed as ntemporal logle fomlae, Actu-
ally, Event Trace dingrams represent. couditions that in some way constrain the
beliwiour of o system. A Jogical Topmmlag in onr case an ACTL formula, well
express this kind of constraints, To he more precise, an Event Trace dingran
express the existence of a pall of internctions and it lias a divect correspondence
with an ACTL formula whicl complies witl the scenario. Thad is, i the event.
Lrace gives the sequence actl, act2, .., actn, the corresponding formula will

IJ(‘.Z
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Fig. 4. A State Transition diagram

<actl><act2> .... <actn>true

Thai toeans: "ihere exist a pathoinowhicel the aclions acti, act2, .., actn
are performed i seqrence”™,
For exanple, the fornmla corresponding 1o the event trace of Fig. 2 s the fol-

lowing:

<ask_value>
<gset_timer>
<yaiue(T}>
<timeout>true

Toanswer the guestion: “is the systein specification compliant with the given
seenario? we have to perforin the model checking of the related formmda on the
state model of the systam ohtained by considering as ohservable only the actions
which are indicated in the event teace. Tt can be obxerved that both in the state
trapsition diagrms and i the event trace dingram the interaction names may

convey same valie,



5 Architecture of an enhanced CASE tool

To provide in o transparent way to an OMT user the outlined verification fa-
cilities, we propose to enhanee a commercial CASE tool with the verification
maodules (as the ones taken from JACK ), by building the following “interface”

modnles:

= translator from Chass Commumieation Dingrams (given in the internad CASE
tool formal) into FO2 networks:

< translator from State Transition Diagrams into Fe2 antomata;
translator frons Event Trace Dingrams into ACTL formulae:

= invocator of the global antoniaton generator, under the ohservability condi-
tions required for the seenario under examination, sd of the mwodel checker,

At this regard, we can observe that we have Tnnited onrselves o a quite shiuple
analysis of the compliance to the seenario. For example, a safety vequirenent,
e af the

conld hudicate that o certain scenario should not aceur. This is the
“undesived seenario” of Fig, 5 for the considerad example, whicl expresses that
the alarm ean be raised even thongh the asked vadue Lins heen roceived in time.
The validation of e salely requirement nounis to prove by miodel ehiecking
that the Tornmla associated to the undesired seenario is not tre Tor the systen.

TEMPERATURE HONITOR CLOCK ALARM
SENSOR
ask_value
@ set_timer
value(T}
N raise
timeont

Fig. 5. Another Event Trace Hagram



6 Conclusions

The use of & model checker of a powerful temporal logic sueh as ACTL means
thit actnally only a fraction of this power (essentially, the existential lnear
{ragment) s osed in the proposed scenario validation. Ou the other hand, the
vertfication power given to the nser is lmited by the notation (Eveut Trace dia-
grams) avidlable for the expression of validation questions.

We can observe that we are using Event Trace diagrams as a visnal guery lan-
guage, that is, as 4 visual representation of the temporal logic formula that. it
is asked 1o hold, Viseal representation of temporal fogic fornutdae has already
been studied [15, 10], using more complex grapliic notations, able to express the
richimess of the logic, but mayhe Tess innmediate as a visnal tool; anyway, they
deserve attention for o possible inelusion i diagram-hased CASE tools, tagether
with their verilication Lools,

Further work will be in the divection of investigating what could be the optimal
cotpromise hetween the expressive power of the (visnal} formalisms proposed
and their easiness ol se in the mdnstrial practice.
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