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ABSTRACT

Traceability is considered crucial for establishargl maintaining
consistency between software development artifastiough
considerable research has been devoted to releggrements
and design artifacts with source code, less atteritas been paid
to relating requirements with architecture by usimgjl-defined
semantics of traces. We present a tool that previttace
establishment by using semantics of traces betwB&#A
(Requirements and Architecture). The tool provittesfollowing:
(1) generation/validation of traces by using reguients relations
and/or verification of architecture, (2) generati@idation of
requirements relations by using traces. The toes tise semantics
of traces together with requirements relations a&edfication
results for generating and validating traces. Ilbased on model
transformations in ATL and term-rewriting logic aude.

Categories and Subject Descriptors

D.2.1 [Requirements/Specifications]: Tools; D.2.2 Pesign
Tools and Techniques]: Computer-aided software engineering
(CASE)

General Terms
Documentation, Design, Languages, Verification

Keywords
Tools, Traceability, Generation and Validation ofrades,
Architecture Verification, Requirements and Architeal Models

1. INTRODUCTION

Traceability is considered crucial for establishargl maintaining
consistency between software development artifattsh as
requirements documents, architectural design, lddtadesign,
source code and test cases. The benefits of titibeabe widely
acknowledged today and there are tools to recod rmanage
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trace information. Despite many advances in totceability
remains a widely reported problem area in induftdj. Some
traceability approaches aim at generating tracerimdtion
automatically [9] [10]. Egyed et al. [10] proposas automated
traceability approach that uses a small numberaakes as input.
In addition to that, some heuristics helping toimkethe meaning
of trace dependencies are proposed.

Considerable research has been devoted to rela@mgrements
and design artifacts with source code. Less atteritas been paid
to relating requirements with architecture by usimgjl-defined
semantics of traces. Most approaches focus on gimgrtraces
between requirements and source code or betwedgndard
source code. In most tools and approaches, theee lé&k of
precise definition of traces between requirementsachitecture.
This lack may cause incomplete and invalid traceegation for
requirements and architecture.

Traceability influences a number of software depeient
activities such as release planning, change imgartlysis,
testing, and requirements reuse [8]. In this respBese activities
may produce deficient results because of invalid emomplete
traces. For instance, change impact analysis magiuge high
number of false positive and false negative imphatkements.
Consequently, the cost of implementing a change beome
several times higher than expected [8].

In this paper, we present a tool that providesetstablishment
by using semantics of traces between R&A (Requirgsnand
Architecture). The tool provides the following: (1)
generation/validation of traces by using requiretmearelations
and/or verification of architecture, (2) generati@idation of
requirements relations by using trac€enerating tracess the
activity of deducing traces between requirements achitecture
based solely on verification of architecture and/tne
requirements relations. Alternatively, the softwarehitect can
provide an initial set of traces as inp\Malidating tracesis the
activity of identifying the traces which do not gbdrace
semantics. Our tool checks if the relations betwegirements
are preserved in their implementation in the aechitre. This
preservation is also used in the conceptsoftware reflexion
modelswhere relations between elements in high-levelet®dre
preserved in their implementations [24].

In the implementation of the tool, we bridge thteehnical spaces
[19]: Semantic Web Term rewriting and Model-Driven
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Engineering In [12], we providetool supportfor consistency
checking and inferencing based on the semanticslafions for
requirements. The requirements metamodel togethéh w
semantics of requirements relations in first-ordgic (FOL) are
given in [12]. The tool in [12] uses the semantebwechnologies
OWL and Jena for inferencing and consistency clmecki
(Semantic Web technical spac€&he output of the tool in [12] is
the requirements model which is used as an inpwunytool for
trace generation and validation. The architectarexpressed in
Architecture Design and Analysis Language (AADL).[2Ve
have defined dynamic semantics for part of AADLtémms of
rewriting logic supported by the Maude language toals [6]
[7]. This enables performing simulation and vesfion of AADL
models [29] Term rewriting technical spageThe result of the
verification, which might be a counter example xeaution trace,
is one of the inputs to generate and validate $rad& use a trace
metamodel with commonly used trace types. The stosaof the
traces is provided with a formalization [13] instiorder logic.
We use the formalization of traces together witbquieements
relations and verification results for generatingd avalidating
traces. The core part of the tool using verifiaaticesults,
requirements relations and traces as input is impiged as
model transformations in ATL [18]Model-Driven Engineering
technical space

The paper is structured as follows. Section 2 dessrthe
overview. Section 3 presents the features of the to Section 4,
we explain the architecture of the tool. Sectiodéescribes the
evaluation of the tool. Section 6 describes thateel work, and in
Section 7 we conclude the paper.

2. OVERVIEW

Our tool supports trace generation and validatigth different
degrees of automation. Figure 1 gives the ovendéwhe tool
with inputs and outputs. The tool takesgjuirements modgirace
mode| architecture modelandreformulated requiremersds input

with the constraintsderived from the semantics of traces and

requirements relations.
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Figure 1 Overview of the Tool

The tool checks if the requirements are satisfied the

architecture. This is done by reformulating theuisgments in
terms of logical formulas over the architecture. dleck the
formulas we perform architecture simulation andifigation in

Maude by using input architecture model. Accordimghe result
of the verification, traces with different typeéllpcatedTo or

Satisfie} are generated between the reformulated requireameh
the architecture. Traces are generated accordingtiie output
trace model. In the validation, the tool compares &ssigned
traces in the input trace model with the architedtelements in
the verification output. The invalid assigned tsaeee reported in
the output error model.

The input requirements model contains the given efierred
requirements relations (see [12]). The constraietssed from the
semantics of trace and requirements relations sed to deduce
the new traces. Traces are generated for requitenrich do
not have any traces but which are related to reménts with
traces. The output trace model contains the gestbtedices. The
generation is vice versa. The same constraintasae to generate
requirements relations from traces between reqeinésn and
architecture. The tool also uses the requiremetasions and the
constraints to check the validity of the assignadds in the input
trace model and the validity of requirements reladiin the input
requirements model. Invalid traces and requiremegiggions are
reported in the output error model.

We have to note that all generated/invalid tracekraquirements
relations are candidates and suggestions for tihwase architect.
They have to be checked by the architect for thal filecision.

We depict the usage of the tool in a modeling pssceith trace
generation and validation. This process is basetth@manalysis of
activities during modeling of requirements, arcttitee and
traces. Figure 2 gives a UML activity diagram of ffrocess.
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Figure 2 Modeling Process with Trace Generation and
Validation

The process in Figure 2 consists of the followintvities:

Modeling Reguirements & Designing Architecture: This activity
takes the requirements document as input and pesdie input
requirements model, input architecture model anputintrace
model for trace generation and validation. The remouents
engineer models the requirements in the requiresnéatument
by assigning relations between them with tool suppo [12].

The software architect designs the software arctuite for the
requirements and can assign some initial tracesvemet
requirements and architecture.

The modeling process is forked into three actigitieformulating
requirementsgenerating tracendvalidating trace



Reformulating Requirements: This activity takes the input
requirements model and input architectural modelngsit and
produces the reformulated requirement as outpué Jdftware
architect reformulates the requirements in terms ladical
formulas over the architecture.

Verifying Architecture: This activity takes the input architectural
model and the reformulated requirement as input mdiuces
execution trace or counter example (see Section Bhk activity
checks whether the requirements are satisfied éyatbhitecture.
The activity is done in Maude automatically.

Generating Trace: This activity takes the input trace,
requirements and architecture models with the dutpwuerifying
architecture as input and produces output traceraqairements
models as output. If the activity uses only requigats relations
in the requirements model and initial traces in ihgut trace
model to generate traces and/or requirements oeitiit is
sufficient to perform this activity after modelingquirements &
designing architecture activity only. The activisyautomatic.

Validating Trace: This activity takes the input trace model, input
requirements model, input architecture model asutinpnd
produces an output error model as output. Thisviactiis
automatic. However, the interpretation of the outpd this
activity (the output error model) with the trace debshould be
done by the software architect manually.

Iterating: The process given in Figure 2 is iterative. The
requirements engineer and/or the software architegt return to
the requirements modeling & designing architectacgvity in
order to fix requirements relations and/or tracesthie output
models. If there is no need to update the modeés,process is
terminated.

In order to implement the tool, we successivelyvjge the
followings:

e« Trace MetamodelWe use a trace metamodel to provide a
structure to traces. The metamodel includes masinanly
found entities in trace metamodel in literature,d an
requirements & architecture specific traces. We tise
types of traces between requirements and architectu
AllocatedToandSatisfies

. Semantics of Tracedn the literature, traces in the trace
metamodel are informally defined. We formalize
requirements, architecture and traces between byeuosing
FOL.

The tool uses traces with requirements relatiorerdfore, we
need semantics of requirements relations.

¢ Semantics of Requirements Relatiolge identified five
types of requirements relationeequires refines partially
refines contains andconflicts The requirements metamodel
together with semantics of requirements relations@L are
already given in [12].

* Architecture and VerificationThe software architecture is
expressed in Architecture Design and Analysis Laggu
(AADL) [2]. We have defined dynamic semantics fartpof
AADL in terms of rewriting logic supported by theadde
language and tools [6] [7]. This enables performing
simulation and verification of AADL models [29]. Fehe

verification, architectural significant functionaquirements
are reformulated as formalized scenarios and tlesad

temporal properties are checked using linear tesidogic

(LTL) [3]. Applying verification techniques for reyements
is not the main focus of our paper. The details lwariound
in [28].

e Generating and Validating TracedVe use semantics of
traces and requirements relations with architecture
verification techniques for generating and validgtiraces.

3. FEATURESOF THE TOOL
3.1 Verification of Architecturefor

Functional Requirements

We limit ourselves to verification of functionalg@rements only.
The purpose of the verification is to check if regments are
correctly implemented in the architecture. The toates
verification results in both trace generation aradé validation as
an input. Figure 3 illustrates the verification arfchitecture for
functional requirements.
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Figure 3 Verification of Architecturefor Functional
Requirements

The verification is represented by tBatisfiesand ConformsTo
relations in Figure 3ConformsToimplies that the state space
captures the specified properties. We have theuatlg artifacts
in the verification of architecture:

e Functional Requirementd®Requirements which describe the
functions that the system is to execute; for exampl
formatting some text or receiving a data.

e Architecture in AADL The architecture of the system to be
built. It plays the role of the solution for theoptem defined
by the requirements.

*  Property Specifications in Maud&he formal description of
the required behavior of the architecture. The irequents
are reformulated as properties in terms of thetsmluwhich
is the architectureréformulateandusesin Figure 3). These
properties are checked for the architecture by riuelel
checker. The requirement is first described asrmdtized
scenario, and then described as property speddic{28].
The property specification uses any logic suchLeeear
Temporal Logic (LTL) First-Order Logic (FOL) or
Computation-Tree Logic (CTL)In the tool, we use the
formal analysis features of Maude.

State Space in Maud&he presence of a dynamic semantics
specification of AADL in Maude makes the architeatu
models executable. The architecture is executedaasidte
space is producedsi(nulate in Figure 3). This execution
simulates the behavior of the system on the arctoite level



so that it can be studied to see how the systemwaitk.
Discrete event simulation, which introduces theiarotof
events, states, and state space, is used. A sistelibs the
loci of data values within the architecture. Twatss are
connected by a transition and all states are ceghtby the
state space. The result of the verification, whitlght be a
counter example or execution trace, is used torgemand
validate traces. An execution trace is the ordestdf states
which are generated where the reformulated reqeineris
satisfied. A counter example is the ordered settafes
which are generated where the reformulated reqeineris
not satisfied.

Since the focus of this paper is not verificationl dsimulation, we

do not give details of the AADL semantics usedha tool. This

is itself a non-trivial topic and subject of anatinerk.

3.2 Generation of Traces

Generating traces aims at deducing traces betwagrirements
and architecture based solely on verification chaecture and/or
the requirements relations in the requirements indder tool

does not need initial traces to generate new traces

The tool uses the result of the verification ofhétecture. If the
verification is successful, the architecture sissf the
requirement. According to the semantics of tracegl1i3], the
Satisfiestrace is generated between the architectural elesrie
the execution trace and the requirement. These eelsm
collectively satisfy the requirement and form thartpof the
architecture to which the requirement is traced.cdunter
example means that although the requiremeatlézated tothe
architectural elements, the architecture does atisfg it. The
AllocatedTatrace can be generated but 8atisfiesdoes not hold.

The second way to generate traces is to use thdreetpnts
relations. The constraints about traces are derifrech the
semantics of traces and the semantics of requirsnrefations
(see [13]). The constraints ensure that requiresnegiaitions are
preserved in the architecture by the satisfyingnelets. Our tool
uses the constraints also to generate requiremelatons from
traces.

The verification result, and therefore the traaspends on the
reformulation of the requirement to be checked. Fb#ware
architect needs to consider potential false pasigwvnd missed
traces. Such traces are defined in relation tostteof actual

traces, which is thgolden standardor a pair of requirements and

architecture.

3.3 Validation of Traces

Validation aims at identifying the traces which dot obey the
trace semantics. Our tool uses the semantics afirsggents
relations together with the trace semantics tadeddi traces which
are already generated or assigned by the archifdwtcking is
performed according to the constraints derived ftbensemantics
of traces and requirements relations. The followign example
constraint to be checked in the trace model bydhk

Ea U Ea if (R; Contains B) [ (Ea Satisfies B L (Eaz
Satisfies R)

where B; and E, are sets of architectural elements, ancaid
R, are requirements.

The tool identifies traces or requirements relaiarhich violate
the constraints. Validation using requirementsti@hs can be

used in two ways. First, the software architect miegide that an
invalid trace is a true positive and then he rei®rs the
requirements relations. Second, the software &ahitecides that
requirements relations are all valid, then, he fifies the invalid
traces.

Our tool also provides validation of traces by gsuerification
results. The architect assigns sorAdocatedTo traces while
creating the architecture. In order to ensure thatarchitecture
satisfies the requirements, the verification of hiecture is
processed. For the requirements satisfied by tbleitacture, the
Satisfies traces are generated by the tool. The assigned
AllocatedTotraces and the generatgdtisfiesraces are compared
by the tool. These traces are validated basedeondimparison.

The tool finds the differences and intersectionshef sets of the
traces. The software architect should check esihecihe
difference of the sets and decide about the vglafitraces.

For the requirements which are not satisfied bydtehitecture,

the AllocatedTotraces are generated from the counter example by
the tool. The assigned and generailtbcatedTo traces are
validated based on the comparison of trace sets.

The requirement may describe a complex system psope
amenable to decomposition. The tool can not tracde part of

the requirement responsible for a failure. The ieguents
engineer should decompose the requirement into paus-
(Contains relation) until each requirement describes onle on
property.

4. ARCHITECTURE OF THE TOOL

The tool contains five components (rounded boxdsdare 4).
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Figure 4 Architecture of the Tool

Architecture Verification in Maude: The input for architecture
verification component is the input architecturedeloand the
requirement(s) reformulated as LTL. This comporisnased in
the trace generation. The verification and simatatiare
performed by the model checker and the rule exeawghgine of
Maude. The architectural model originally expressedADL is
transformed to Maude terms. The AADL metamodehisoeled as
a set of sorts. The dynamic semantics of AADL igegi in
rewriting rules. Requirements are reformulated &k formulas,
the language supported by Maude checker.

Reformulated
Requirement

Output Trace
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Output Trace
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Output Error
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Trace Generator using Verification Result in ATL: The input of
the component is the execution trace and countempbe. The



component is implemented as an ATL transformatinthe
verification result is an execution trace, tBatisfiestraces are
generated between the checked
architectural elements in the execution traceh& verification
result is a counter example, tAlocatedTotraces are generated
between the checked requirement(s) and the arthigéelements
marked in the counter example. The output is givetine output
trace model 1.

Trace Generator using Requirements Relations in ATL: The
input of the component is the input architecturelaipinput trace
model, and input requirements model. The compoisensed in
the trace generation. It is implemented as an ATbdeh
transformation. The component generates new trbessd on
requirements relations in the input requirementgleh@and the
constraints in Figure 1. The output is given in thaput trace
model 2.

For output of the two trace generator components,uge two
different output trace models in order to state the outputs do
not have to be the same. In the generation pdfigefre 1 which
is generating traces by using requirements relationsd a

verification of architecturethe three components above are used.

First, the traces are generated in the output tneagel 1 by the
componentrace generator by using verification resufthen the
output trace model 1 is used as an input trace mbyehe
componenttrace generator by using requirements relaticos
generate traces based on requirements relationtheninput
requirements model.

Trace Validator in ATL: The input of the component is the input
architecture model, input trace model, and inpuuiements
model. The component is used in the trace validapiart of all
scenarios. It is implemented as an ATL transforomatiThe
component checks the validity of assigned tracawedsn R&A
by using verification output or requirements relat. It can also
check the validity of requirements relations by ngsitraces
between R&A. The output is the output error moddiicl
contains invalid traces and invalid requirementati@ns.

Requirements Relation Generator using Traces in ATL: The

input of the component is the input architecturelaipinput trace
model, and input requirements model. The compoisensed in
the trace generation part of Figure 1. It is imptated as an ATL
model transformation. The output is given in thetpot

requirements model which contains only
requirements relations.

5. EVALUATION OF THE TOOL

Our tool can be evaluated from different perspestiike

usability, performanceand scalability. The usability of the tool
mainly relies on the Eclipse environment. For thepat of the
counterexample and execution traces, no GUI isigeal For the
prototype we consider this to be acceptable. | #action, we
conduct performance and scalability tests of thel téor

generating and validating traces. Our tool useseaheobecking
techniques in verification of architecture for ftinoal

requirements. Since these techniques may have gmnsblin

handling large amounts of model elements and states
performance and scalability of our tool mainly dege on the
scalability of the model checking algorithms in Mau Therefore,

requirement(s) arel th

the gendrate

we focus on the model checking part of our tool aor
performance and scalability tests.

Performance testings conducted to evaluate the compliance of a
system or component with specified performance irements

[31]. The requirement in our test is that the tperforms in

reasonable time (say less than one minute) withageenumber
of architecture elements. We base our estimateheraverage
number of architectural elements on a report by Géamack et
al. [22]. They characterize the differences in gesstructure
between complex software products like Mozilla &fmux. The

report shows that the architectural model of a sgatem contains
around 2000 model elements. We take this finding asise for
our performance tests.

Scalability testingis a performance testing focused on ensuring
the application under test gracefully handles iases in
workload [31]. The workload in our performance téstthe
number of states. Our interpretation of scalabifity evaluating
the tool is the followingthe tool scales if the time spent by the
tool increases linearly when the number of generastates
increases linearly

Our dependent variable in the performance and lsitifaests is
the time for simulation and verification (in secshd The
independent variable used in the performance testsimber of
elements in the architecture. We define the nurobetements as

follows: number of component instances + number of feature

instances + number of port connections where corapgn
feature and port connections are the architectuel@ments in
AADL The independent variable used in the scalaligity is the
number of states generated in the simulation. Winelehe
number of states in the simulation as follow® number of states
the simulation is enforced to exploréhese two variables are
closely related to each other. If the number ofmelets is
increased, it is likely that the number of stateguired for
simulation and verification also increases. Howetlds does not
always have to be the case. For example, if wednite a new
system property to the architecture, not relatedh® existing
system properties, we do not have to increaseuh®ar of states
in the simulation and verification of architectufer existing
system properties.

Memory consumption is not measured in the perfoneaests.
The runs for each performance test are executedirses. The
average for each run is derived from six executiombe
performance tests are done with Intel Core 2 Duauithing at
2.67 GHz, and 2.99GB of memory, running Kubuntu09.WWe
use Core Maude 2.4 for Linux. The models used ie th
performance tests are artificially created to tdet tool with
certain number of elements and states.

Performance test. The test is set up as follows. We increase the
number of elements by adding components, data pamth
connections to the architecture. We start with 28@thitectural
elements and end up with 3000 architectural elesnefhe
number of states for each run is 500, 1000 and .2006 results
of the performance test are shown in Table 1. Sihegesults of
the performance test might be different when thefigation
result is an execution trace or a counter exantp&eperformance
test is done for both cases (see Table 1(a) antk T4b)). The
standard deviation of the data is approximatel949.3



Table 1 Simulation Timesin the Performance Test

Simulation Time (sec) for the Execution Trace

# elements # states = 500 # states = 1000 # states = 2000
2000 7.8 15.9 33.8
2200 8.7 17.5 37.2
2400 9.3 19.4 40.4
2600 10.1 20.9 43.3
2800 10.9 224 46.5
3000 11.5 23.9 49.6

(a) Simulation with Execution Trace
Simulation Time (sec) for the Counter Example

# elements # states = 500 # states = 1000 # states = 2000
2000 2.6 5.2 10.8
2200 2.8 5.7 11.9
2400 3.1 6.3 13.0
2600 3.3 6.7 14.0
2800 3.5 7.2 15.2
3000 3.7 7.7 16.1

(b) Simulation with Counter Example
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Figure 5 Simulation Time as function of the Number of
Architectural Elements

According to these performance tests, the toolgper$ below one
minute with average number of architecture elemémta real

system. The increase in the simulation time isalirend up to 50
seconds for 2000 states (see Figure 5).

Scalability test. The goal of this test is to investigate how thd too
handles increases in the number of states overademelers of
magnitude. Our independent variable is the numbstates. We
also compare the scalability test results of th# tsing Maude
with the results of the tool using different sintida and
verification environments such as Alloy [17]. There, same
execution semantics of AADL in Maude are encodedilioy.
The first part of the performance test is done iaulle with
10000 architectural elements (see Table 2(a)). ,Ttren second
part of the performance test is done in Alloy (Sable 2(b)). In
[20], we investigated simulation and verificationAlloy. Based
on our experience, we already know that Alloy i$ suitable for
large amounts of model elements and states. Threref@ choose
to run the second part of the performance testllioyAvith small
number of architecture elements (38 elements)Tabée 2(b)).

Table 2 Simulation Timesin the Scalability Test

Number of States

Simulation Time (sec)

10 15

100 9.5
1000 82.1
3000 265.4
4500 401.8
5000

(a) Simulation in Maude (# elements = 10000)

Number of States Simulation Time (sec)

20 14.2
40 53.7
60 105.8
80 180.4
100 300.9

(b) Simulation in Alloy (# elements = 38)

Simulation time as function of number of states
Alloy: # elements =39 Maude: # elements = 10000
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Figure 6 Simulation Timevs. Number of Statesin Alloy and
Maude

According to the scalability test results of ouoltasing Maude,
the simulation time increases linearly when the benof states
increases linearly (see Figure 6). We ran out ahorg in Maude
when we try simulation for 10000 architectural etens with



5000 states. For Alloy, the simulation time alsor@ases linearly
when the number of states increases, however, tmhrsmaller
number of architectural elements and much smallenber of
states.

According to these test results, we conclude thattool scales
much better over a broad range of states for mesdistic
architectures sizes with Maude than with Alloy.

We cover a subset of AADL semantics in our toolr @sults are
valid for this subset. The performance test resoigs/ change
with more AADL semantics encoded as state tramstidn

Maude. There is another tool [23] [27] for the egEntation of
AADL models in Maude which covers more executiomaetics
of AADL. However, we needed our own state tranagidor trace
generation and validation purposes. As a future&kywee plan to
integrate the tool in [23] [27] with our tool.

6. RELATED WORK

A number of approaches with tool support describaegating
and validating traces. Egyed et al. [9] [10] pr@ddin automated
traceability approach that uses a small numberazket as input.
Similarly to this work, we use reformulation of tégements as
scenarios. In [9] [10], the source code is execatabrding to the
scenarios and then traces are generated betwegreragnts and
source code. Footprint graph is used to detecinttmmplete and
incorrect input to the approach. Dependencies heiwe
requirements can be detected based on overlapsgatherlines
of code implementing the requirements. Howeverrethie only
one type of traces and requirements relations Jif[@]. In our
tool, we have multiple trace and requirements i@etypes.

The System Modeling Language (SysML) [26] is a dioma
specific modeling language for system engineerihgrovides
modeling constructs to represent text-based reapeinés and
relate them to other modeling elements such asitactiral
elements with stereotypes. Types of traces betwegmnirements
and architecture are given with informal textuafimigons in
SysML. However, the SysML standard does not prowéae
formal definitions of trace types.

Schwarz et al. [30] describe a graph-based tralityabpproach
with tool support. Generation and maintenance ates are
handled by model transformations. Thatisfiestrace is provided
without any formal semantics or textual definitiddomponents,
interfaces and ports in the architecture are cdeateomatically
from requirements and use cases by using heurisSSiassfies
traces are generated in result. In our approadthitacture is
created manually and then the traces are genaaatkdalidated.

The tool by Grechanik et al. [15] supports genatatiraces
between types and variables in Java programs ardeeks of
use-case diagrams (UCD). The tool combines prograatysis,
run-time monitoring, and machine learning to geteeraaces.
Initial traces are needed for trace generationatRels between
program entities are compared with correspondinigtioms
between elements in UCDs only to validate traces.

Mader et al. [21] focus on maintaining traces bemwve
requirements and UML models for the changes in Ufilidels.

Patterns for maintaining traces are specified baead the

classification of UML model changes. The tool inl]2is

complementary to our tool.

Bonde et al. [4] describes an interoperability apph based on
generating a trace model by using model transfoomst The

trace model in [4] consists of one type of traRelétionship and

model transformation operation typesofy, Convert Link, and

Creatg. The work in [4] focuses on traces between ptaifo
independent and platform specific models in MDAtesh

Egyed [11] introduces the UML/Analyzer tool whichoes

consistency checking based on model transformafibirAntoun

and Medvidovic [1] describes a semi-automatic appiao assist
in refining a high-level architecture specified an architecture
description language into a design described witiLU The

works in [1] and [11] are complementary in the setisat one
describes the refinement and the other one is girgyihow to

ensure the preservation of properties in this esfiant. Heckel
and Thone [16] propose a notion of refinement wheduires the
preservation of both structural and behavior atltieer level of

abstraction. Based on formal refinement relatiomshbetween
abstract and more concrete architectural modety; tise model
checking techniques to verify that abstract scesatan also be
realized in the more concrete architecture. Mosthaf works

given above focuses on the generation and validatfotraces
between architectural and detailed design models.

7. CONCLUSIONS

In this paper, we presented a tool that providescetr
establishment by using semantics of traces betwB&#A

(Requirements and Architecture). The tool uses Maadformal
language based on equational and rewriting logi] &DE

technologies such as Eclipse EMF and ATL.

There are some open issues
Reformulation of requirements in terms of solutdomain is a
part of design process and is hard to automate. @rbkitect
might still need to check the generated tracescdse of false
positives the requirements model and relations Ishioel checked.
This suggests an iterative semiautomatic proceasiof our tool.
In such a process, the software architect can gisdmprove the
quality of the traces and the requirements. Castied conducted
with the industry [5] shows that LTL/CTL is hard teformulate
and check requirements in the architecture. Dorspatific
languages can be used for requirements of cespathat allow
compilation of LTL/CTL formulas [5]. Starting frormatural
language text, Semantics Business Vocabulary atesR8BVR)
[25] can support reformulation requirements in ®EhLTL/CTL
formulas. Extending our tool with this kind of larages will ease
the reformulation of requirements.

Maintenance of traces is not covered in this payé.focus on
generating and validating traces as a first stegake of changes
in the requirements or in the architecture, somgeftraces will
be invalid and incomplete. Our tool needs to beeréd for
maintenance of traces.

We mainly focused on scalability issues in our timolgenerating
and validating traces. Since model checking teareggnay have
problems with big size of models and number ofestathe
scalability of our tool depends on the scalabiliythe model
checking algorithms in Maude. Our tool needs furthe
improvement for usability. The core parts of theoltare
implemented. However, integration of these partusrently
done manually and we need a user interface to aoalr these
parts.

in the usage of the tool
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