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Abstract— Requirements speci cation is a major component of  The proposed approach closes the semantic gap between
the system development cycle. Mistakes and omissionsuireeq  requirements, components and architecture by using com-
ments documents lead to ambiguous or wrong interpretatipn b patible semantic models for describing product require-

engineers and, in turn, cause errors that trickle down inigies i t biliti d traint h
and implementation with consequences on the overall denedat ~ MEN'S, cOMponent capabiliies, and constraints, such as

cost. In this paper we describe a methodology for requiramen Quality of Service (QoS) and resource limitations. We
speci cation that aims to alleviate the above issues and fira- design a domain-speci c representation language called th
duces models for functional requirements that can be auticeity OPP Design Language (ODL) that covers the requirements
validated for completeness and consistency. This metbggab domain for mobile applications, the software design domain

part of the Requirements Driven Design Automation framé&wor .
(RDDA) that we develop for component-based system develop-(UML/SySML metaschema), and the component domain.

ment. The RDDA framework uses an ontology-based languagel N€ ontology representation also supports requirements
for semantic description of functional product requirerserJM- tracing to design artifacts. This function is generallydibg
L/SysML structure diagrams, component constraints, andliQu  modeling tools with requirements management capabilities

of Service. The front end method for requirements spedooat ; ; ; ;
is the SysML editor in Rhapsody. A requirements model in OWI_to track changes to design and implementation artifacts.

is converted from SysML XMI representation. The speciarati Various requirements and design elements can be de-
is validated for completeness and consistency with a rblesed ~ Scribed in ODL as ontologies, which are representations for
system implemented in Prolog. With our methodology, oorissi  the semantics of concepts common to product requirements
and several types of consistency errors present in the reapeints ~ and design modeling, and the relationships between them.
speci cation are detected early on, before the design stage The ontology (meta-model) for ODL is built on the Ontol-
ogy Web Language (OWL) [16] which is based on XML.

The machine-readable Description Logic representation
for requirements and UML/SysML design artifacts makes
possible automated model veri cation and model transfor-
mation.

We have implemented an ODL requirements speci cation
Requirements speci cation is a high-risk activity in the method integrated with the Rhapsody [10] UML/SysML
system development cycle as errors and omissions can be ifmodeling tool. The requirements model is exported and
troduced that later have cascading effects on productulesigthen loaded into a Prolog knowledge base, where a set
cost and product quality. Current methods for requirementsof rules perform completeness and consistency validation
representation rely on natural language descriptionsatfeat  before being used for architecture design. The veri cation

not suitable for automated veri cation. A way to improve rules look for con icts in speci cation of QoS constraints
the design and development productivity is by implementing (e.g. maximum query delay) and system resource constraints
a methodology for model-based requirements speci cation (e.g. power, CPU load, weight).
with automated model veri cation. This paper continues in the next section with a description
In this paper we present the requirements speci cation of the RDDA framework architecture. Section Ill describes
and veri cation methodology developed as part of the the ODL requirements speci cation language, the model
Requirements-Driven Design Automation (RDDA ) frame- veri cation mechanisms, and the representation methodol-
work. This project aims to reduce the development cost byogy with SysML. Related work is described in section IV
partially automating the process of architecture desigmfr  and section V summarizes conclusions and discusses future
requirements to existing library components. The framé&wor work.
can be applied to design of software and systems that use
UML [14] or the System Modeling Language (SysML)
[13]. This research is supported by the Motorola Corpora-
tion, Plantation, Florida, under th@ne Pass to Production This section provides an overall description of the RDDA
(OPP) project and is currently ongoing at Florida Atlantic framework. The main components and the work ow are
University's Center for Systems Integration. The RDDA illustrated in Figure 1. The framework implements these
architecture was introduced in [8]. high-level functions that together provide system design a

Keywords— requirements speci cation, consistency validation,
design automation
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tomation from requirements: requirements modeling, desig for validating the requirements models, searching for
modeling, model veri cation, and architecture synthesis. completeness and consistency errors. Errors that are
The various framework components communicate usingidenti ed are highlighted to the user who can go back and
the OPP Design LanguagéODL). repair the requirements speci cation models inside SysML,
The RDDA framework from Figure 1 provides rountrip Closing the work ow Cycle. The requirements validation
engineering through two work ows, therequirements method is described in detail in section IlI-A.
work ow and thedesign work ow
Thedesign work owimplements a methodology for auto-
The requirements work owbegins with requirements Mmated architecture synthesis and component selectionl base
specialists describing product requirements using aoOn validated requirements models and semantic component
modeling tool, in our case a SysML editor, such as SPecications.
Telelogic's Rhapsody [10]. SysML supports several The system or software design engineer creates and
diagram types for describing requirements, including maintains SysML and UML models using a modeling tool,
a Requirements Diagram, where textual requirementssuch as Rhapsody, or an Eclipse-based UML plugin. The
statements and their inter-relationships are representedesign models include structural diagrams that are supgort
visually. External and Block De nition Diagrams are used by the RDDA framework, such as block diagrams, class
to describe the high-level product hierarchical structure diagrams, package and component diagrams. The user de-
Behavior diagrams inherited from UML 2 can be used to scribes structural models for classi ers (i.e. classesckd,
specify subsystem behavior. For this project, we designednterfaces, components, ports). Users also specify sétnant
a method for users to add semantic descriptions insideannotations for these classi ers, in the same ODL format
SysML for functional requirements in SysML models used for requirements, describing features/capabili@esS
specifying system resource and QoS constraints, as wellnd resource constraints. These semantic annotations, to-
as functional capabilities and features. The requirementgether with the classiers, and the intrinsic relationghip
speci cation method is further detailed in section IlI-C. embedded in the structural model diagrams, form the com-
bined semantic speci cation of the system architecture.
From the SysML editor, the diagram models are exported A main function of the RDDA framework is to synthesize
to XMI and then transformed by an XSLT translator to structural models. For this, the user builds placeholdeLlUM
OWL ODL ontology les. The ODL requirements are or SysML components with the desired ODL attributes
then loaded into a Prolog knowledge base for processingmatching the requirements models. The framework synthe-
We use the freely available SWI-Prolog [3] environment. sizes an internal composite structure for the placeholder
The knowledge base is populated with a set of rulesmodels that satis es the requirements. A brief description



of how this is accomplished as part of tdesign work ow tween instances (OWL properties). A part of the ODL OWL
follows. The structural UML/SysML model diagrams are class hierarchy used for requirements is shown in Figure 2.
exported to XMl format and then transformed with an XSLT The requirements ontology describes concept and propertie
processor to OWL ODL ontology les. These ODL les are for 1) product decomposition into applications and subsys-
loaded to the Prolog knowledge base. tems, 2) hierarchy of features (functional and behavipral)
The next phase involves system structure model3) constraints (system resource, physical, QoS), and 4)
veri cation by the Prolog reasoner using a set of rules requirement statement management (versioning, tracking,
applied to the facts and relationships just loaded to thedependencies).
knowledge base. These rules nd consistency errors related The ODL metamodel ontologies are developed with
to the structural models and related to the semanticProtegé [1]. The ODL OWL metamodel is extensible and
annotations (QoS and constraints). Error reports arecan pull in third-party ontologies through the OWL import
indicated to the user, who can x the models and their feature.
annotations and trigger a reload to the knowledge base. The main concepts relating to requirements speci cation
Error reporting can be integrated with the modeling tool, are listed below in Table 1.
and this will be part of our future work. Error feedback
is one path closing thdesign work owcycle back to the
user. After structure model verication, the knowledge
base contains valid structure models and requirements

Table 1
The main concepts from the requirements ontology.

models. A set of rules perform structure model synthesis,|-S0NcePt Purpose :

. . . RgConcept Top-level class for all requirements ontolody
generating composite class and component diagrams for concepts.
the placeholder components such that the requirements RgProduct The top-level system that is the subject pf
are satis ed without any conicts. Structure models are g;erﬁgorrfgr‘]‘t')reme”ts (system, application of a
converted from Prolog clauses to OWL ODL statements —Rqapplication Application that runs on the product.
that are further converted by an XSLT translator to XMI | RqSubsystem A subsystem of the product design hierarchy.
code. The XMI code for the generated structure models| RdFeature A feature that is required/provided by g
is merged with the original XMl models exported from i product part. ___

9 g p . RgCapability Product capability supported by a prod-
the SysML/UML modeling tool and loaded back into the uct part. E.g. location service. Subclass fof
SysML/UML modeling tool for the user to work on. Thus, — _ ineaﬂ}fe- — : .

. . qConstraint generic constraint that applies to a feature.
the _Second path from thées_|gn work owis C!Osed' The .| RgQoScConstraint| QoS constraint that applies to a feature. Elg.
design work owprocesses will be addressed in more detail localization delay. Subclass of RqConstraint.
in an upcoming article. RgPhysical A physical constraint. E.g. volume, cosf,

Constraint weight. Subclass of RgConstraint.
. . . RgSystemResourgeA system resource constraint. E.g. memoyy,
The RDDA frameWO_rk supports an |terat_|ve design pro- | constraint power. Subclass of RqConstraint.
cess, where new requirements are added incrementally andConstraint Describes a numeric constraint on a featufe.
the system architecture condenses through multiple mode| Descriptor Subtypes include upper/lower bounds, feasi-
hesi | A t of future work. we will intearat ble regions, points, and numeric inclusions.
Sy.nt esis cyc e§. S par _0 utu e. ork, we gg ate RgReqStmt Represents the natural language text for gne
this framework in the Eclipse environment, bypassing the requirement statement.
need for intermediate XMI conversion, as Eclipse supports| RqVersion Repfbese“ts a requirements model versjon
. . numaoper.
prOgramma“C access to Int.emal UML 2 model represent.a RgReqRelationship Various relationships between requirements
tions. A useful feature of this framework we contemplate is statements used for model management. E.g.
the ability tosynchronizehe structure of designated place- dependency, inclusion, derivation, tracing.

holder (auto-generated) blocks with requirements models a
they change.

The requirements ontology supports several types of

Currently, our framework supports only model validation nymeric constraints that apply to features, capabilities,
based on features, requirements constraints, and s@lictur and resources. We describe one constraint with an exam-
constraints. A future direction for research for us is to add pje from the requirements model of an LBS application.
mechanisms for validating behavior model constraints —a requirement statement in English begins in Figure 3
checking inter-component compatibility, based on seqeienc yjth a % sign and is followed by its ODL represen-
diagrams and state transition diagrams. tation written as the equivalent Prolog clause stored in

the knowledge base. Some ODL statements related to
Ill. REQUIREMENTSSPECIFICATION AND VALIDATION versioning and background knowledge are omitted. The

This section begins with a short description of the Prolog predicate notation is more compact and more read-
ODL ontology for requirements model, continues with the able than the OWL XML syntax, and it preserves the
methodology for model verication, and ends with the OWL HProperty; Subject; Objecti triple semantics. The
model speci cation in SysML. Triple20 RDF/OWL Prolog library emulates the XML

The OWL ontology that describes the ODL vocabulary namespace notations : ID that simpli es URI represen-
de nes a taxonomy (OWL classes) and relationships be-tation considerably. Thimdividual (classname;instance)



Figure 2. A snapshot of the OWL class hierarchy from the ODltammdel. Edges represent the OWL subclass relationship.

predicate declares class members.

Figure 3. Example requirements statements (ODL triples)
in Prolog clause notation.

The example statements consist of instance (individual)
declarations and property declarations. Statement 1.4 say
that ProduciCellPhone is a product. Statement 1.2 says
that ProduciCellPhone has a GPS subsystem. 1.3 says

of the RqCapability class. Statement 1.5 species a QoS
constraint — an upper bound on the maximum acceptable
GPS localization error.

The Ibs:'CQGPSLocErrorMax' instance from class
ConstraintU pperBound links the necessary constraints
properties. PropertyhasSubject refers to the subsystem
on which the constraint applies — the GPS subsystem. The
hasConstraintObject property links to the semantics
of this constraint (it it alocation error constraint). The
hasNumericDescriptor property points to arinterval
instance that species thenaxV alue instance with its
numeric property representing 10 meters. (The statements
for the unit — meter — are omitted.)

Let us consider a requirements modél g
hP;A;S;F;C;Nc;Ri, where P is the set of products
described A is the set of applications®A( S), S is the
set of subsystems; is the set of features? is the set of
constraintsN¢ is the set of constraint numeric descriptors,
andR is the set of relationships on these sets describing the
model.

The requirements model relationships are modeled as a
set of predicates listed in Table 2. The following notatisn i
used for variables 2 S subsystemd, 2 F featuresc?2 C
constraints, anehd 2 N¢ numeric constraint descriptors.

A. Completeness Veri cation
This is the rst step in verifying the correctness of

that the GPS subsystem provides location service, anda requirements model. An initial completeness check at
statement 1.4 species that the GPS subsystem provideshe syntax level is done on the OWL source by BBN's
proximity service. These services are de ned as instancesvowlidator OWL checker [4].



Table 2
Requirements model predicates.

Predicate Notation

s; has subsysters; Us(s1;S2)
s1 has subsystem (transitive) Ug(s1;S2)
s1 depends on subsystesp for | ds(S1;S2)
features

s1 depends on subsystem (trangi-dg (S1;S2)
tive) sp for features

s1 depends on subsystem (for fea-

tures or structurally)sz d\s(sl; s2) 0

Ug(s1;82) _ ds(S1;82)

s requires featuré
s provides featurd
s depends on featurk

fr(s;f)
fp(s;f)

dst (s;€) ()

fr(s;f)_fp(s;f)
f depends on constrairt dic (f;C)
constraint descriptocd cd(s; c; nd)

Then, a set of Prolog rules are applied to the requirements
model loaded into the knowledge base, searching for indi-

viduals (subsystems, features, constraints) that arereefe

but not de ned.
A Prolog rule that checks for missing declaration of a
subsystem is:

checkComp_Subsys :-
(hasIndividual(odl:'RqSubsystem’, S) ;
hasIndividual(odl:'RgProduct’, S)),
odl:hasSubsystem(S, Sub),
\+ haslindividual(odl:'RqSubsystem’, Sub).

The ;' operator stands for logical OR in Prolog and the *
+' operator is logical not. This rule is equivalent with the
following logical sentence:
8s2 P [ S;ds(s;sub)” sub2S)
missingSubsystem (Sub)
Similar rules are de ned to identify other missing or incdete
model elements.

A second set of rules search for cases where a subsystem
requires a feature that is noprovided by any subsystems;
on whichs; is dependent on (transitive and inclusion).

The rule in rst order logic is:
8512 P[ Sifr(s;f)": (952 2 S;ds(s1;s0)
Mp(s2;f)) ) missingRequiredF eature (s;f).

B. Consistency Veri cation

Consistency veri cation involves these checks: a) model
structure sanity, b) constraint validation.

a) Model structure sanity checkRules that verify the requirements
model internal structure: dependency loofs 2 S;d\s(s;s)) and
subsystem unique ownershifst 2 S;9!s; 2 S| P;us(s1;S2)).

b) Constraint validationThese rules verify the consistency of
numeric constraint descriptors. A constraint descripgsoaiates

a subject subsystem (e.g. GPS subsystem), a constraintt obje
(e.g. localization error), with a numeric descriptofmin; max ]
interval or a point value — for a performance metric or system
resource indicator. Two constraint descriptors are chaidie

consistency con icts if the following rule applies:

Constraint Matching Rule:

Two constraint descriptors are checked for consistencyhdyt
refer to the same constraint object, the rst subsystem depen

the second (feature-wise or structurally), and the coreesting
feature is required by the rst subsystem and provided by the
second subsystem.

The logical expression of this rule follows:

cd(s1;c;nd1) ~ cd(sz; c;ndz) » ds(s1;s2)
A (Fe) N fr(sef) N fp(se;f)
) checkConsistency(ndi;nd>)

Additional policies for consistency checking between ezl
and required constraints will be developed as part of theviowgg
project.

The exact method for constraint descriptor checking depend
on the respective subclasses, as follows:

ConstraintUpperBound
speci es maximum limit

ConstraintLowerBound
speci es minimum limit

ConstraintFeasibleRegion
speci es interval with acceptable values. Provider must
cover at least partly the interval.

ConstraintFitRegion
speci es interval with mandatory values. Provider sub-
system must cover the entire interval.

ConstraintPoint
speci es a single value that must be matched by provider
subsystem.

To explain the rules for checking the numeric constraintsite
assume the predicates from the above Constraint Matchirig Ru
are satis ed. In additionnd: andnd; specify intervaldmi; Mi],
for i=1,2, respectively. Value points are also supported by the
ODL ontology, in this cased; is described by a numbef, i=1
or 2.

The checking rules fovalid QoS constraintare listed in Table
3. UB stands for UpperBound constraint descriptor, LB favdo
bound.

Different policies are created similarly for checking st
resource constraints, as numeric resource limits haveerdiit
meaning.

Table 3
Consistency checking rules for QoS constraints. The rules
indicate valid cases or conicts (‘C"). The corresponding
numeric descriptor are intervalm; ; Mi] or point values

vi fori=1;2.
cd, 92| UB LB Feasible or| Point
Fit
UB M1 C M1 My M1 Vo
M2
LB C mi mi; my mi Vo
ma
Feasible | m1 M1 mi mq
M2 m2 m2 v2 M
Mz My
Fit M1 mi my ¢}
M2 m2 my
M1 M2
Point C C C V1 = V2




We list in Figure 4 the Prolog rule for checking all UB-UB between them. SysML can represent these in a graphicalatabu
constraint descriptors that involve features required bytesystem  or tree structure format. This type of diagram is used toterea
S. taxonomy of the captured requirements statements.

Our method relies on using the text from the requirements
blocks to specify requirements model ODL statements, austed
natural language statements. The text grammar represddits O
OWL triplets hP roperty; Subject; Object i in the form ‘Object
type = Subject Property ObjectFor example, we could have
Feature = GPS providesFeature Location Proximityhere the
OWL triple object type isRqF eature, the subject is th&sP S
subsystem, the property iprovidesFeature and the object
is LocationProximity . The triple subject and object indicate
model element IDs. The object type can specify a system, sub-
system, product, component, constraint, feature, or d¢ltga®ne
improvement that will be implemented is to specify the prope
as stereotype.

For the transformation from SysML to ODL ontology we rst
export the SysML model to XMI. The Saxon XSLT processor
. ) translates the XMl code, including the specially formattequire-
Figure 4.  Prolog rule for checking all UpperBound- ments diagram statements, to ODL format, which is then Idade
UpperBound constraints that involve each feature requiredinto the Prolog knowledge base.

by subsystem S. Figure 6 illustrates a requirements diagram for a location-
based mobile application running on a cell phone produces&h

L . . requirement are also shown in Prolog format in Figure 3.
Backward-chaining inference in Prolog provides a very pow- q 9 g

erful tool for rule-based query. The rule will keep backkiag Requirement 1.1 is at the highest level, where we specify
until the rst conict is found from all applicable UpperBad that the system we are trying to build is a Phone. From this
constraints descriptors and all required features, or edirch requirement, 1.2 is derived or decomposed, where we détail t
possibilities are exhausted. fact that the Phone needs to provide a GPS. Statements 1.3 and

1.4 specify the services that need to be implemented, totaitnd
proximity services. The functionality of both these requients is
extended by constraining the GPS to provide a location acgur

of maximum 10 meters and a location query response time of
maximum 10 seconds. Beside these extensions, requirengerg 1
also extended by 1.7 and 1.8 specifying some extra capesilit
for the GPS, such as altitude, course, and speed information

If 1.3 and 1.4 could not have been performed unless location
accuracy and query response time constraints were valah th
we would have had include , but since 1.3 and 1.4 can exist
without the need for 1.5 and 1.6 to be realized, we use stgreot

extends . Requirement 1.5 is dependent on 1.6 because, if the
response time is greater then 10s and the user is movingthken
accuracy is affected. The shorter the response time is, g¢tterb
the location accuracy is.

We notice how requirements 1.3 and 1.4 are traced into the

. . model — the two use cases in the LBS model. We also observe

Figure 5. Prolog clauses from the requirements modelihat the GPS sub-system satis es the QoS requirements H5 an
de ning an UpperBound location error constraint descrip- 1.6, and the functional requirements 1.7 and 1.8. A test caléed

tion on the LBS application that con icts with the location QueryResponseTimeT ests is used to verify if requirement 1.6

error constraint assumed by the GPS subsystem from Figur&@s been fullled or not. The ID in the requirement blocks feea
3 used for integration with other requirement managemeristoo

We recognize that this method for requirements speci cato

d just a rst step. While it permits integration of conceptswally

modeled in SysML, textual specication for ODL statements,
especially for numeric constraints, can be tedious. We idens
implementing a SysML/UML Pro le to handle the speci catiari
nconstraints, capabilities, and features, as opposed timdharem
represented as stereotypes or directly in the requirereghtfthere
are two ways: using the lightweight extension mechanism — we
adapt the UML semantics without changing the UML metamodel,
and using the heavyweight extension mechanism, where wa ada
the UML semantics by extending the standard metamodel. The
. . . . former mechanism is supported by UML/SysML through built-i
C. Requirements Speci cation with SysML mechanisms such as Stereotypes and Tagged Values. The latte

For requirements speci cation, SysML offers requiremedits approach would extend integrated visual modeling for ODdmrir
agram to represent textual requirements and the relaffmmsh a common modeling tool.

Figure 5 lists Prolog clauses describing an UpperBoun
constraint on the LBS application localization error. Thenbter

in Figure 3. Such errors can be easily overseen in speconati
of complex applications. The rule from Figure 4 will nd the
conicting constraints and the RDDA framework will allow e¢h

user to x the speci cation.



Figure 6. A SysML requirements diagram describing requaets and constraints for an LBS application corresponding

to the ODL statements in Figure 3.

IV. RELATED WORK

This section summarizes related work and provides pointers
to more information. The work in [9] propose a Semantic Web
approach for maintaining software, using the Resource fjE&En
Framework (RDF) for representing information related tdt-so
ware components, and the OWL for describing the relatigusshi
between those software components, metrics, tests, andreeq
ments. Queries formulated in the SPARQL query languageeixtr
information about the state of the software system from tB&R
knowledge base. The proposed solution deals only with so&w
maintenance and does not address requirements specnbatio
idation and UML design automation.

The work in [15] proposes a technique in which a speci cation
is derived from a requirement. The author's approach isdase
the problem frame concept from arti cial intelligence; imetpaper,

a problem frame de nes the nature of a problem by depicting
connections and properties of the parts of the environmieat t
the problem is related to. During this requirement prodgogss
process, a trail of the domain assumptions (called breauusy
are obtained, which serve as justi cation of the progressaod
which, together with the new requirements that result, dae gs
the path to the reasoning that leads to the speci cation.drtadyst

and inference rules together with an interpretation fumgtithe
authors perform semantic processing of requirements rmodhls
research is different from our approach, as the ontologgscla
concepts Kayia et al. de ne belong to the application domain
The ODL ontology is more general and the RDDA framework as
actually independent on the application domain.

Raven [2] is a requirements authoring and validation enviro
ment that takes as input text-based requirements and atitaihya
generates three different diagram views of those requinésne
These diagrams can be exported to UML, targeting popular-mod
eling tools such as IBM Rational Software Modeler and other.
Through the diagrams, the tool highlights logical or stuuat
potential problems, such as incomplete decision pointw, boeaks
etc. Test cases can be created and exported from requigment
and requirements speci cation documents can be autontigtica
generated by the tool.

The goal of SoftWiki [5] is the acquisition and management of
requirements using semantic web techniques. The maintolges
to support the semantic structure of requirements, actiigtiag
into semantic schemes and ontologies, and providing secrjzatt
terns and taxonomies. The requirement elicitation anccttring
aspect is supported by the moderation of requirements Boaca

has to come up with the breadcrumbs, which is not an easy anc@nalyzing of textual requirements, and providing feedbackl

straightforward task, since it requires domain expertisaddition,
their solution works best if the requirements are expressea
formal language.

In [11], the authors provide means of analyzing requirement
by checking for inconsistency and incompleteness; theitguai
the speci cation and change prediction are also enablegutfir
the proposed requirements analysis methodology. Usingreaiio
ontology comprising domain speci ¢ concepts and relatiops,

review. What SoftWiki has achieved is to combine concepts
related to community content management, such as Wikis and
web logs, with method of the semantic structure and knovdedg

representation.

Similar to [5], the authors in [6] put forward means of taking
advantage of Wikis to gain semantic knowledge of different
information. In [6], from existing Wiki content templatestances,
semantic information is extracted and converted into RDie T



extraction algorithm operates in several stages; rst, ipékia

pages that contain templates are selected; next, only tlevse
plates are extracted that have a high probability of coirgin
structured information. Each template obtained is parsedRDF

triples are generated; URI references or literal valueganerated
by processing object values. The last step is determininghi®

processed Wikipedia page its class membership.

The work in [7] illustrates how natural language requiretaen
are mapped through MDA principals, such as transformation o
the Platform Independent Model to the Platform Speci c Miode
using a formal system of rules expressed in a Two-level Gramm
(TLG). Using this approach, requirements can be evolvedfro
domain knowledge to the actual realization of components. A
natural language requirement document is rst convertei in
XML, which is next parsed using natural language processing
in order to build a knowledge base. Based on domain specic
knowledge and by removing contextual dependencies, the/lkno
edge base is converted into TLG. We can think of the TLG as
being a bridge between the (informal) knowledge base and the
formal speci cation language representation. The nalpsie the
translation of the TLG code into VDM++, which is an extensain
Vienna Development Method that supports the modeling ofatbj
oriented and concurrent systems. The VDM++ representaon
be converted into UML or into object-oriented languageshsas
Java or C++.

Kof proposes in [12] natural language processing methods fo
extracting terms from the text written by the domain expbyt,
means of extracting subjects and objects, and using thécpted
to classify them. Next step is clustering terms accordinghi®
grammatical contexts they are used in. The main clusterbuilte
by subjects or objects of the same predicate. If an overlaprec
clusters are marked as being related and are joined. Thetéas
is nding associations between those extracted terms.

V. CONCLUSIONS

In this paper we described a methodology for speci cation of
functional product requirements using a language built loa t
semantic web's OWL. We presented a framework for model veri-
cation for completeness and consistency. Veri cation efjuire-
ments models is done using a Prolog environment. Complssene
veri cation rules are de ned to search for incomplete or siig)
model elements. Consistency checking rules search forictimng
requirements model statements and for numeric constraimtcts

on QoS and system resources. Operation of these rules are e)i’16]

empli ed with elements from a location-based system aggian
speci cation. System requirements speci cation is pemfied with
a SysML modeling tool, enhanced with the capability to egpre
requirements models in the suitable representation.

These mechanisms are part of the RDDA framework that
develops methodologies for system design automation from
requirements. The framework has the necessary capabildibe
integrated with a SysML or UML modeling tool.

In the requirements speci cation and validation area, ie th
future we will improve the SysML requirements speci cation
method, speci cally, we will look into developing a new SyEM
pro le for modeling requirements concepts. We will also tinoe
to add new rules for consistency veri cation. A long-termays
to integrate all tools for requirements speci cation, veation,
and design synthesis into a common platform based on Eclipse
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