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Abstract

The validation by sreans of andmrarion permits the sustematic
develapment of clear, conclee, procice, and wnambiguony soff-
ware specificaiions, preseal aspects in the formal methods of
soffware engineering buf absent in fraditional prototyimg,
In aeldivion, the guallty of the conceptual medels depends o
o greal extent od the mtegration degree of the wers fn the
develapreeid process. Tl paper describes the abfecrives ang
Fonrls obsraiined in this soffware engineering fne of work ang
s o Pestll o doctoral s work,
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1 Introduction

Hardware and software systems change continuously m an
inevitable manner, m size as wellas in functionality, Due to the
increase in complexity, the possibility of committing errors
also increases. A great part of these ermors assume an economic
oost in tme, and even in human hives

One of the principal objectives of Software Engineering is
the power to facilitate to the developers the consiruction of
systems (hal operate with a certain degree of trust,
independently of the associnted complexity. A form of reaching

L

this objective is using formal methods in language form,
technigues and tools with mathematical foundations that allow
the specification as well as the verification of such systems. A
prier, the use of Tormal methods does not guarantee the
correction although it can increase the system knowledge a
considerable amount when detecting inconsistencies.
incompleteness, ambiguity, etc,

Engineering Requirements (Wieringa, 19%6) have the
objective of aobtaining a specification of the system
requirements desired to be bult ot o certain abstraction level
and fulfilling certain properties, Thus, the conceptual model
represents & connection between the problem space ond the
solulion space 1o express the functional requirements of the
syslem, making use of a specification language. In this manner,
the concepiual mode| constitetes the initial base for the tasks
that Follew in the development of o system.

Traduwonally, the requirement specifications have been
expressed in semiformal notations, afthough, more often they
are written using formal specification languages, The formal
specificarsmns posses certain additional advantages as a result
of having a well defined svntax and semantics. A formal
specification allows to specify all the details minimizing or
elimimating the omissions, ambiguities oF inconsisencies im
the specification. In addition, It is possible 10 reason about
the properiics of a formal specification, in particular, 1o verify
it and o validate it with respect to the initial requiremens
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If'in sddition the specification language is feasible then i
oblains an additional advantage: the specification nat only
represents the concepiual model but also the software
execution model that will be implemented.

The traditional development of sofiware presents the
problem of which the final implementation system s the first
precise version of the same that can be executed. |n this mammer,
it is omly possible 1o validate the system when the design
decisions have already been taken, which implies a greal
amount of implementation nspects. As o consequence, when
errors are detected, the design needs to be remade.

IF the specifications are feasible then the validation in a
high level of abstraction 1s possible, mereasing the cormection
and trust in the software and considerably reducing the
development times and costs. With the validation in the first
phises of the software development life cyele, not only is the
detection of errors obtained at an early stage but those
requirements thot are not clear con be made specific and
completed from the mteraction with the specification execulion,

The construction of the conceptual model is a discovery
process for the analvst as well as for the user, The idea is 10
construct the conceptual model in an iterstive form, with
successive refinements and the participation of the user. In
gach iteration, the analyst verifies the model and walidates it
with the user. Cmee the agreement between the parties involved
in the process has been reached, the conceptual model is used
as a comiract and enfrance o the phases that follow in the
develapment. In this manner, the associated cost is reduced
to kater madifications or to partially specified requirements,

When the specification language wsed 15 not directly
executable, the model validation requires an additional efforn
Therefore, the validation of the requirement specifications by
animation of these and using prototyping technigues is the
departure point and the motivation of this paper,

2 Work Frame

This thesis paper (Sanchez Paima. 2000) was generated in
the “Cject Oriented Conceptual Modeling” research group,
pertaining 10 the Information and Computing Systems
Department of the Polytechnic University of Valencia. One of
the principal activities carried out in the last years by this
group has been the development of DASIS (Open and Active
Spesifieation of Information Systems) (Pastor, 1995, Litelier,
158, & formal model for the construction of conceptual modsls
that follows the chpect oriented paradigm. From the OASIS
perspective, an imformarion sysiem is a society of autonomous

and concurrent objects that inleract between each oiher.
Within this line of thinking, the intention of this thesis is o
analyze and 10 make the automatic generation of code 1o
animate OASTS specifications. Petri nets have been utilized as
formalism destiny in this generation, given the good propertics
of the same as fur as the simulation possibility, the property
demonsiration and the tool availakilire,

The follewing two projects, “Comisidn Interministerial de
Crenciny Tecnologia (CICY T QASES (1994- 1907, TIC94-0557)
angd MENHIR {(Participantes en el Proyecto Menhir, 1908)
(1002000, TICST-0593-C05-01), have made possible the
atmainment ¢f this thesis.

3 Objectives

The objestive of this work his been to establish the necessary
theoretical and practical bases for the automatic validation of
DASIS specifications making use of the Petri nets. In a more
apecific form, the following objectives have been obiadned:

*  Estension and completion of the OASIS language, The
associpted work has been framed within the 3:0 version
longuage development {Leteler, 1998), The departure point
was the 2:2 version (Pastor, 1995) where diverse
maodifwations and amplifications wok place. Some of the
obtamed improvements are; the wiilorm use of the Dynamic
Logic to express the properties of ong OASIS class; the
incorporation of the client perspective; the redefinition of
the process concept [including operations and protocols)
and the enrichment of the used mechanisms to define
complex classes {(adding and specialization).

*  Definition of an execution abstract model for the CA-
515 lenguage that constitules the operational semantic of
thesame.

*  Establishment of the necessany translation guidelines
to pass from CASIS Lo Petri nets. A translation program
tht automatcally generaies an eguivalent Petri net parting
from an OASIS specification has been implemented.
*  Construction of an initial version of an envirenmeant
For the automatic animation of A SIS specifications framed
within the engineering process requirements that include
the animstion of concepteal models in an sutomatic form
ond cansider the scenario use.

If we study the existing solutions we can observe the
following deficiencies

LE
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L The functionality and integration of the developed mo- 3,

cdules for validation is scarce, In most of the cases it denls
with preliminary versions.

2 The operational semantic {execution model) of different
environments is not provided in any case

i The implementation is made in imperative languages (the 4
C4+ language is usoally habitual in these cases) with
which the proof that the implementation is faithful to the
conceptual model semantics o begin with seems difficult

4. Plans do not take place as a result of the animation with
which the user must deduce the interactions had between
the objecs.

The work made on the animation of ASIS specifications
situates it advantageously, with respect to the previous jobs, &
for the following reasons:

I. CASIS is associated with a declasative semantic based
on Dymamic Logic (Meyer, 1998) and an operational
semantic that constitutes the langunage execution model
For all the OASIS language concepts a translation
procedure is presented to this legic (for the exception of

The mieraction with the animator i made throuph scenery
techniques which enables communication between user-
analyst. In the previousty mentioned works, the result of
the animation presents for each object, which takes an
additional effort at the sight of having 1o fix the global
interaction between all the panticipating.

The Petri nets are a formalism that enable the equivalency
demonsiration between the specification and the
corresponding implementation.

It &= possible 1o partibon & problem in two parts: one
oriented to the concepiual medeling with DASIS and the
other represented making direct use of Petri nets, In this
manner, the concurfency aspects that are modeled more
easily with Petri nets can be repressnted directly.

The implemented translator has as a departure point the
set of formulas in Dynamic Logie of a specification, This
makes possible the future evelution of CASIS (in its syntax
andi’or associaled semantics) minimizing o eliminaling
the necessity of modifving the code of this translator,
That is, the Dynamic Logic appears as a reference poin
for future possible implementations.,

synchronous transactions, adding and communication). 4 Work Sum mary

Tasks like automatic verification, validatéon and generation
of code are favored, in consequence, given the formal
frame that integrates them,

2 The animation s given by the execution of a concurrent
implementation {in Petri nets) of the OASIS model
semantic, avoiding the necessity of arificial monitors in
chirge of distributing the system execution thread .

The work frame is summarized in the following pointa:

Model. DASIS is the approach conssdered to represent the
conceptunl model cormesponding 1o the requirements of the
user.
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Animation. A prototype oriented fo the validation of
specified functional requirements using the DASIS language
is obtaimed man automatic form. The implementation s made
using Petri nets and the animation environment chosen for
these neds is the CODESIGH ool

Scenarios, The use of scenarios is used to represent part of
the user requirements and o show the obained plans after
the specification animation,

The quality of a conceptual model depends to o great extent
on the degree of integration of the user in the process
associnted in the capure of the requirements. Figure 1 shows
the process model considered for OASIS when the raised
approach is followed. The departure point is the users who
know the reality (the system) that is desired to model. The
task of the analyst is to capture the requirements that allows
to obtain the system concepual model (probably with the
user intervention). This concepiual model 5 represented in
some graphical annotation (for example, UML for those aspects
of the annotation that has o clear comespondence with the
DASIS concepts), A translation process takes of the graphical
annodation to the OASIS specification for the modeled system.

The different cormmented tasks of wverification in the previous
section are applicable in this point, When the GASES
specification is free of syntactic and'or semantic errors then it
proceeds to obtain automatically the prototype for animation.
Previously, the users define a sct of scenarios {case studies)
that they consider representative and that describe partially
ar totally the system behavior. The prototype execution (Using
the scenarios as inpul data) gives rise to resulis represented
in the same annotation

Users and analysts study the obtained differences which
give rise 1o possible modifications in the departure concep-
tual model, The cvele continues until the conformity of the
users is obtained, verifying and validating the conceptual
model, The following considerations contribute a greater detail
to the process presented:

*  Tosimplify the Figure, the scenarios thal can also be
an input point 1o obtain the conceptual model have not
been represenied.

*  The scenarios made by the users can present partial
system information that later appears, as a result of the
animation, in an interretated form, This aspect justifies, partly,
the presence of the users in the validation process. 1f the
analvst only hopes to obtain the scenarios that the users
have made then these users are dispensable in the process.
ity sther words, there can be animation results presented as
errors indicators when in fact they are particular siuations
that the users did not reflect in the scenarios or represented
in partial form,

® s e 1K e etk b nede b moaes DiEninnion 2310 wml

*  The scenarios must include some state representation

that facilitates to the analyst the comparison process. To
simplify, in each life passage of each object, the old and new
vilue for each modified attribute can be demonsirated.

*  The validation can begin with a subset of the total
model. Even more, it is possible to partition the model. in
such that prototypes for each one of the calculated partitions
are execuied. Tt is obvioas that the oaly condition that
prevails is the model consistency from which the prototype
will be penerated,

*  The protolypé is constructed in a concurrent
implementation environment which permits a meore namral
comrespondence of the OASIS concepts with the prototype
elements. When the environment is not concurrent, 3 moni-
tor that serializes the inherent parallelism to an OASIS
specification is necessary

5 Conclusions

This work supports the argument of which the formal
specifications give support 1o the process of the specification
of requirements, allowing the gathered properties to be
examined within a precise work frame based on validation by
ez of animation.

In this manner the strong points of the formal methods and
pratotyping are emphasized, #1 the same time it the classical
problems are mitigated,

We can summarze the coniributions m the following itemns:

1. The OASIS declarmtive semantic has been developed,
incorporating the passage notion as a consistent sel of
actions carried out concurrently that determine the stafe
change.

An OASIS execution model (Letelier, 1998) that is the

reference point for the animation of OASIS object

societics has been established. This process model is
concurrent differentiating itself from other industrial
proposals with sequential and monitored direction.

3. A cormespondence between the concepts of class OA-
515 and Dynamic Logic used has been established (Meyer,
| %98]. The evaluations, preconditions, firings, protocols,
aperitions, derived attributes and integrity restrictions
{static and dynamic) from OAS1S have been considered.
Thus doing this. it is possible to integrale in a
hoemogeneous frame the different language aspects and
to provide a way for the demonsiration of properties.

A The theoretical foundations have been established 10
incorporate in the Dynamic Logic transkation process the
specification relations berween classes {static and
dynamic partitions).

Bt
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3. An architecture for the concepl implementation incheded
in an QASIS class has been defined. With this approach,
an DASIS specification (scen as Dynamic Logic formu-
las} transiator to Petri nets has been constructed, with
which the execution of these specifications is obtiined,
The prototype obtained is ariented to validation for which
those non functional requirements or belier vt relative
to the interface with the user are outside of the animation
process,

6 An environment proposal for the capture and validation
of requirements in incremental form has been presenbed.
This validation is supported by the execution of the Petri
nets corresponding to an OASIS specification, The
mieraction with the users is based on scenarios expressed
as Sequence Diagrams. This is the mechanism that allows
users to validate that the “correct product™ is being
comstructed,

6 Future Work

The work that is a continuation of the present his double
intention. From a thearetical point of view. the following are
susceptible aspects for future consideration:

L Extend the execution model (Letelier, [900) 1o incorpaeals
the svnchronous communication.

2 Justify the equivalence between the OASIS model and
the Petri nets implementation. This work i not trivial Rlven
the dimensions of the obainable graph associated with
the nets obtained in the translation and the comceptual
distance that exists between the presented formalisms. [n
{Sdnchez, 1997), a path is outlined 1o demonstrate this
aspect (a Transformation Function that establishes
equivalence between the state representation and the net
framing is needed).

From the an applied point of view, the following tasks arise;

L Integrate the translators implemented in a graphical
specification envirgnment for DASIS

2. Consiruct a translator of the different repositories of the
OASIS language (in each one of its versions) to Dvnamic
Logic. Thus, the animator can be useful for any version,

3. Construct a module of scenario comparisons that
automates the detection of differences between the
predicted thing and the resuliant,

6

4. Modify the Dynamic Logic translator to Petri nets so that
it incorporates the derivation formulas and integrity
restrictions (static and dynamic),

4 Lonnect the CODESIGN application with some external
simulator so that it can perform the validation in remote
lorm and ean collect staistics of firings, framings, etc.
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