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ABSTRACT

The paper aims to summarize several importantssisuesearching of modelling and implementation
of traceability frameworks in design engineeringaarThese issues are mainly focused to methods of
relationships generation and to visualization méshand techniques. We argue that a well defined
and established traceability framework could be iategration factor in engineering design
environments, primarily through improvement of desicommunication and information flow.
Secondly, through efficient visualization and browgsmechanisms, we propose how a traceability
framework could be based on existing matrix methddseloped to deal with complexity. An
extended Multiple Domain Matrix (MDM) is proposednsbined with general diagramming tool, I1BIS
tool and tool for linking files (documents).

1 INTRODUCTION

The increased complexity of product developmentgss, especially in large-scale projects, generates
situations with which existing tools and methods aot able to deal with. Huge networks of complex
dependencies and design communication in largesteam very difficult to be managed [KNV14].
The aim of this paper is to propose an approachrevhe implementation of traceability could
significantly contribute to:

. dealing with complexity through efficient visualtemn and browsing methods and tools for
large networks of dependencies and
. overcoming current problems in design product dgwelent process integration through

improving the quality of design communication.

Traceability should enable understanding the samaaliationships that exist within and across life
cycle of information objects containing informatiomagments about requirements, concept
explanation, design details, component descriptipnpduction specification or maintaining
procedures. These semantic relationships could dr&neering designers to understand the existing
information and reuse them in the right contextsdech literature describes the impact of poor
traceability practices on project efficiency. Acdease in system quality, increase in the number of
changes, loss of knowledge due to turnover, ermmmedecisions, misunderstandings, and
miscommunication are some of the common problenad #nise due to lack of or insufficient
traceability of engineering information [HKO7].

Based on our previous research on situations tbatiroin medium and large scaled projects in
industry, we distinguish two main directions ofceability:

1. Looking forward—qguiding: where traceability process is planned and orgdnifallowed by
assigning identification to information objectstiaities, participants, locations, and resources] a
exchanging it among participants. Here the pasaiaip should find the answers, e.g., the overview of
design process, the knowledge about informationdsie¢he availability of information and
documentation, and most important, the relatiorshifinkages) between all identified items.
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Especially in complex products implemented tradéginodel should be able to provide the answers
like: what objects, parameters, etc. are affecta particular change is to be made - who are the
persons responsible for those objects and parasneter

2. Backtracking—management of the design historyshould allow participants to follow the
evolution of design items from its origins, througfs development and specification, to its
deployment and realization, and through periodsngfoing refinement and iteration in any of these
phases. Also, tracing of the design history shooigrove understanding of the design routes by
linking designed items to justifications, importadecisions, and the assumptions behind them. By
tracing designed items back to their sources,rtipacts of later changes in any product featurebean
identified before a product is redesigned.

We argue that an implementation of traceabilitgmgineering design frameworks could significantly
contribute to the quality of design communicati@neation of new channels of communication may
be also viewed as a facilitation of design engimeeintegration. This may be valid for all levelé o
communication interfaces: designer to designer, tidis€iplinary team, team and company
(organization), and interfaces of collaboratiomminnovation network.

2 RELATED WORK

2.1 Software traceability

Traceability in software engineering has got mdterdion of researchers than in engineering design.
Several models and methodologies were developeihlyrfacused on requirements traceability and
related issues — [MXCO08], [RJO1]. An example of poelensive research projects in this area is the
"MOST" project (http://most-project.eu). Schwatzaé [SEW10] present the approach that supports
the definition of metamodels for traceability inmfieation, recording of traceability information in
graph-based repositories, identification and maemee of traceability relationships using
transformations, as well as retrieval and utili@atof traceability information using a graph query
language. A roadmap of research and practicesedeta software traceability together with open
issues is presented in Spanoudakis [SZ05]. Thigrmpsymmarizes research work in area of software
traceability and presents a very useful discussiomanual, semi-automatic and automatic generation
of traceability relations.

2.2 Visualization

Efficient visualization (and manipulation) of largetworks of relations is arguably the primary
condition for successful implementation of tracébin industrial practice.

Diagrams augment cognition [SEWO08]. As such, a gd@bjram augments the capacity of the
diagram’s user to achieve goals. Visualizationrdily “makes visible” (or “evident”) things that
might not otherwise be so [SEWO08] - authors madeveew of existing diagramming tools and they
concluded that:

. Simplicity is important. The simpler the tool — eviiough its scope may be limited as a result
— the easier it is to use, and the more likely sisee to adopt it willingly and “naturally.”

. Network hypergraphs are essential. The richly related information elements typical in early
designing are highly coupled, and representingehektionships is essential.

. Diagram layout is essential. A proper layout fatiagram can actually simplify it without loss

of semantics.

Based on their findings the authors argue thatetiemo existent tool fully suitable to engineering
design support purposes and that a new framewaorklitgramming tools must be developed. By
making information structures organized, modernuafisations provide means for user to
interactively navigate and uncover the informatemyineers are looking for [KTO05]. It is presumed
that the user is often being unaware of the praoi®emation location by which the information can
be obtained or possesses incomplete specificatating the information necessary to perform
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search. Both of the latter could be the cases enpitoduct development of the complex technical
systems involving large data and information setd anultitude of stakeholders generating and
interpreting information. In [MP14] we argue thaagrams are convenient for both fast recording and
retrieving of particular tracing context on desgpisode level, and consider diagram networks as the
basis of well-established traceability on projestel. A computer-based diagramming tool was used to
test the methodology. It features basic node-lirdation, formatting and arrangement, predefined
IBIS nodes, image import, hyperlink embedding, gy support and search mechanisms.

3 MODELS AND METHODS FOR ESTABLISHING TRACEABILITY

From current research results it could be conclutatlthe achievement of engineering information
traceability in modern, highly automated productvelepment environments is still very difficult.
There are many reasons for that. The current eegirgedesign environments could not be supportive
of traceability procedures because people commteanad exchange engineering information across
organizational and discipline boundaries, so tleese existing information in new and unpredictable
contexts and often information is translated frame format to another, during which information loss
occurs. Those facts make the development of seitalnld efficient models and methods for
establishing and supporting traceability very caar@nd challenging.

Several current research projects are focusedeoddtelopment of an integrated product and process
approach supporting the modelling of traceabilityorder to handle today’s rising complexity eg.
[KNV14] and [CWW14]. In [KNV14] authors argue thi#tis necessary to include sociotechnical
meta-model. Cycle-oriented traceability based oh defined templates of particular subprocesses is
proposed in [CWW14].

Generally traceability could be viewed as a gemmmnadf a network of relations between various

engineering objects (EO) where objects are comstleis documents (or “information carriers”),

abstract notions from various domains (e.g. fumsjoequirements, changes, design tasks), “physical
objects like elements of product structure (comptsjeand finally employees. Based on research
findings focused to current traceability practinandustry it is arguably obvious that it is impibés

and unnecessary to establish a "full network" ofealstent traceability relations, because of huge
number of EOs that exists in any sociotechnicatesyson levels of granularity that could satisfy

practical needs. Therefore it is necessary to focegurther research to models and methods tHat wi

primarily be able to detect and manage a subsbeepéficial relations for practical needs, both for

guiding and backtracking.

According to [SZ05], despite the wide recognitidnte importance and numerous years of research,
effective traceability is still rarely establishiedcontemporary industrial settings. It is veryfidifllt to
automate the generation of traceability relationshwlear and precise semantics that could,
adequately and cost-effectively, support the typkesnalysis necessary to deliver the benefits of
traceability. Spanoudakis and Zisman [ZS05] emmeashat most of the existing approaches,
environments and tools assume either that tradgatslations should be identified manually or offe
traceability generation techniques which cannottifierelations with a rich semantic meaning. le th
former case, the cost of identifying traceabiligtations manually clearly outweighs the expected
benefits of traceability and makes organisatiohsctant to enforce them, unless there is a reguato
reason for doing so. In the latter case, the ldc& olear and precise semantics make the asserted
relations of little use and do not provide the Higmeof using traceability as described above.
Therefore, the relevant techniques are not widédpged in industrial settings.

Manual creation of traceability relations is ditfl error-prone, time consuming and complex,
[SZ05], [KNV14], [MSB11a]. Therefore a compromiseish be found which will provide satisfactory
level of traceability functionality (benefits) tangineers, but at the same time which will not regjui
significant additional efforts to be developed, iempented and managed. Mainly in the area of
software traceability, several approaches whichpstpautomatic or semi-automatic generation of
traceability relations have been proposed [SZ05].
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In survey written by Spanoudakis and Zisman [ZS0% authors organise the semi-automatic
traceability generation approaches into two grogagpre-defined link groupthat is concerned with
the approaches in which traceability relations ge@erated based on some previous user-defined
links, and (b)process-driven groupthat is concerned with the approaches in whicteability
relations are generated as a result of the softdavelopment process. Proposals of approaches to
support _automatic generation of traceability relasi use information retrieval (IR) techniques,
traceability rules, special integrators, and infieesaxioms.

At this point a main research question emerges:

Which kind of traceability model framework would adite a cost effective and beneficiary
implementation of automated and semi-automatedrggoe of traceability relations?

All previously listed research findings and our owxperiments made in [MSB11b] directed us
towards the idea (proposal) of developing of a fifbmodel of traceability framework that will
comprise and integrate various approaches and netfde intention is to use the most appropriate
method(s) for each identified issue — e.g. relatgeneration, network visualization, template
generation, modelling of processes and their cyods., always from the primary viewpoint of
reducing the efforts required in practical industpplication.

Further idea is to identify and classify most comngand important) traceability problems and issues
in engineering design practice, and for each omthe find and develop a focused (specialised)
approach and/or method of traceability relationsegation and visualization.

In such an approach firstly we could distinguisitéability relations and EOs from the dynamic point
of view. Product structure and/or product architeet(or at least their elements) could be consdlere
as relatively static data structures (on higheelewf granularity) for majority of engineering dgs
environments. For example in automotive industmgrehis a high extent of mechatronic systems’
reuse [KNV14]. Product structures for complex pratducould contain large sets of EOs and relations
(especially for mechatronic systems). These strast(at least subassemblies and/or modules) do not
change significantly over time, (on higher levelggmanularity), therefore we assume that it coutd b
cost-effective to build a template structure foerthin form of diagrams. Such an approach could be
considered as a semi automated method, becauseeersggwould reuse and update templates while
generating sets of relations.

Generally, at the highest level of abstractioncdedility relations can be classified as relations
between objects of the same domain and betweentsifjem different domains.

Consequently we assume that the majority of thatiogls between different domains have a more
dynamic character, but probably smaller sets of lidave to be linked. For such situations manual
generation of relations and matrices as visuatimathethod instead of diagrams seems to be more
appropriate. There are many assumptions here tilidtasve to be validated — this line of reasonisg
mostly based on previous research findings predent¢’BF11] and [PTS12].

Design rationale may be viewed as traceabilityesfigih thinking and the decision process. We argue
that a design rationale capturing method have @rbelement of traceability framework. We consider

that IBIS (Issue Based Information Systems) basedrams proved to be presumably the most

appropriate design rationale capturing method [AB13

Finally, how those various approaches could begmatied and/or merged? Our proposal is to use an
extended model of Multiple Domain Matrix (MDM) aket basic framework and a starting/basic
interface. Firstly we will describe a developedtptgpe tool for building a network of interlinked
diagrams, and then a proposal of extended MDMfalilbw.

3.1 Network of diagrams as one of the methods for e  stablishing traceability

This chapter describes our research work [MP14¢iablishing engineering information traceability
using diagram tools as means of information andticel generation and recording. Information
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displayed in diagrams is structured through thecephof nodes and links between the nodes. Every
diagram node is an information container, which icefude information about digital entities storage
displayed as hyperlinks to computer stored fildser€ is no limit in terms of file types that can be
linked (CAD, spreadsheets, text documents...),utlioly other diagrams. Adding links between
diagram files creates a diagram network. Such war&tallows users to cross boundaries of a single
record and browse information spread in multiplsigie episodes.

A prototype of computer-based diagramming tool wagt and used to test the methodology. It
features basic node-link creation, formatting andragement, predefined IBIS nodes, image import,
hyperlink embedding, ontology support and searcthaueisms.

Several types of diagrams were introduced throughba methodology and diagramming tool
implementation on the ongoing project. These dimgraover communication visualization, product
structure and specification, and design rationBtaceability relations between computer files isyve
important part of traceability framework, becauskesf of any type are “carries” of product
information- they represent generated product decuation. In [MP14] we proposed a methodology
and interface for manual generation of relatiortsvben files. The visualization of file system canite
interrelations is realized in both diagram (gragh)l matrix form. The network of interrelated fiies
created through an explorer-like interface, whame oan establish and record relationships between
selected explorer items (Explorer Tool on Figure Ejle browsers enable navigation through
computer (server) content, and thus serve as Wiadéxplorer substitute. File system content can
also be displayed as a matrix, where rows and amum@present the content of two or more different
file system folders. Relationships can furthermioeevisualized either manually by exporting node-
edge files, or automatically with the developedydian network visualization tool.

The development of the project explorer environmeas started mainly to integrate diagrams into
project documentation, but the application washierrtupgraded with other useful features and ik stil
in development phase. Two main objectives weratstte start of the development:

. Allow users to manually link diagrams with compustored files and display these links in the
explorer interface

. Facilitate diagram creation with templates since tésted diagramming tool doesn’'t support
template importing

New development objectives were additionally setluding:

. File to file (or directory) linking, using the sarpganciple as in diagram to file linking
. File enrichment using attributes
. File status association and status display inxpéoeer interface

. Automatic visualization of created links in an natetive diagram form

The environment is conceived as a central toolfercreation of diagram networks. The diagramming
tool, now a part of the environment, is supporteithvautomated diagram storage and template
selection. Three main tools were developed withengnvironment (Figure 1):

. Explorer Tool - Serves as the file explorer. User can browsectimputer/server file system
and create relations between computer-storeddiesfolders. The Explorer Tool also handles
documents statuses, ontologies and diagram temglalii also drives the diagramming and
visualization tools. File icons in the explorer atgomatically modified depending on whether
the files are linked or associated with a status.

. Manual Diagramming Tool - Used to manually create diagrams such as Issased
Information System (IBIS), system architecture dadction breakdown structure diagrams.
Diagrams can be created either from scratch or fpoepared templates. The tool supports
different node types, customization, hyperlinks andge placement.

. Visualization Tool - Visualizes all established traceability linksheTtool was developed to
automatically generate diagram networks for the $élected in the Explorer Tool. Each file,
diagram, ontology element or directory that is my avay linked with the selected file is
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represented in the form of a diagram node. Tratisabnks between files are represented as
diagram links.

Although the creation of relationships in-betwebka tontent of the file system can result in a well-
established traceability of project documentations limited to a single domain - computer-stored
files. In order to manage complex engineering dats required to cover and trace elements from
multiple domains.
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Figure 1: Components of tool for file (documentation) linking and for diagram network
manipulation

3.2 Extended Multiple Domain Matrix as the basis fo  r traceability framework

Several methodologies exist for dealing with datanglexity in product design, including the
application of graph theory and matrix-based apgrea [LMBO09]. Since the matrix-based
approaches to complexity management are widelyiegpve decided to use them as the basic
architecture of the traceability framework. Nowaslathe large variety of matrix-based methods in
engineering can be classified by the quantity & thpes of elements involved. Whereas some
approaches focus on the representation and analydgtween elements of the same type (e.g.,
dependencies within product components), otherssiden linkages between two types (e.g.,
dependencies between customer requirements andgpriashctions) [MO7]. According to [LMBO09]
there are four types of general matrix systemsel#tions within elements belonging to the same typ
(domain) are examined, the related matrices caddfi@ed as intra-domain. A commonly applied
approach of an intra-domain matrix is the DepengeStructure Matrix (DSM). Relationships
between file system content in our research wengpetw and stored in form of a square intra-domain
matrix. Matrices combining different elements bejimiy to different domains are referred to as inter-
domain matrices. For example, components and fomgtof a product can be considered as elements
belonging to two different domains [LMBO09]. Somepapations make use of combinations of intra-
and inter-domain matrices, while some further idelecomputations of some subsets by
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information stored in other subsets. Such an aghraacalled the Multiple-Domain Matrix (MDM)
[LMBO9].

MDM is a square matrix comparable to a DSM contajrsystem elements in identical order on both
axes. In contrast to a DSM, different types of eyselements are included and grouped in domains;
the MDM can be subdivided into DSMs and DMMs (Dom&lapping Matrices) according to the
inherent domains. The MDM possesses features ofremon DSM,; in fact, it represents a DSM on a
higher level of abstraction: If the domains aresidered as single elements, the areas of the DMM
subsets represent the matrix cells that can steperdiencies between these elements. Applying this
logic, the areas of the DSM subsets are locateti@matrix diagonal and can represent self-reflexiv
dependencies [LMBO09].

To further extend our proposed traceability framdyove need to establish relations between
engineering information stored as documentatiofil@s with engineering objects (EOs) from other
different domains. Of course it is also necessatyamly to relate documents and EOs, it is equally
important to establish and record relation betw&®€)s. A schematic view of such approach is
presented on Figure 2. EOs from different domaiesepresented with different symbols and colours,
while relations are represented with different g/p€lines, similarly as in [LMB09].
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Figure 2: Network of engineering objects from different domains

Figure 3 is a matrix representation of diagram show Figure 2, where each relation is denoted with
a mark in corresponding matrix cell. This is theltile Domain Matrix (MDM) as it is proposed in
[LMBO09] and in other relevant literature.
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Figure 3: Representation of engineering objects and their relations in a MDM

A similar approach of MDM usage, focused to creatib knowledge maps of employees is proposed
in [WSS13].

However, we think that for the purposes of tradé@gtbinodelling, it is necessary to further extehe t
MDM model and especially the process of manipufaticth matrix, due to several reasons:

. Huge number of traceability relations in any kirfdirdustrial application will generate huge
matrices, impossible to be manipulated and vieveed whole — procedures and tools have to be
developed that will enable hiding unnecessary aaeal$or extracting and visualizing areas of
current interest.

. Semantics of relations should be added, because ishivery important in traceability.
Additionally it would be beneficial if a cell woulcbntain (or point to) more contents than just a
mark of relation existence.

. Mechanisms (procedures) for generating and ingepinedefined templates of selected matrix
areas should be developed and implemented.

We argue that such an extended MDM model could aperfurther opportunities for development
and implementation of semi-automatic generationtrateability relations. Also, with efficient
mechanisms for manipulation of huge matrix, therimatself could serve as the basic interface for
majority of operations in traceability framework.

An initial proposal of semantics of relations betwea set of crucial domains for engineering design
traceability is shown on Figure 4. We don’t consités set of domains as final, any particular gesi
environment could build and adapt domains andioglataccording to its own needs.
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Figure 4: A proposal of crucial domain relations in design traceability framework

First step in adding relation semantics to MDM miaxteild be a classification of traceability relatso

- a very good general proposal based on overviesewéral approaches could be found in [SZ05].
Thus, a class of relation could be indicated wittode e.g. “R2”, as shown on Figure 5. Furthermore
we think that in many cases would be beneficiahifadditional content could be linked to each matri
cell. That may be comments, hyperlinks, etc. — thay a cell could be “expandable” (Figure 5.)
pointing to any kind of information that may be we for more detailed explanation of particular
relationship. In such an approach we plan to taeaitrix cell as an information container, combined
with a symbol that indicates generated (recordeldfion. A symbol (or its first digit) may be usfen
already developed matrix calculations.

Another approach to semi-automated generationaceability relationships is to develop a templates
of subprocess (scenarios) that could generate mneford the relationships in matrix cells when a
pre-planned situation (event) is triggered. Therappate candidates may be the processes withccycli
character. Chucolowski et al. developed a data haydedescribed a process sequence for traceability
in engineering change management [CWW14]. Suchege®s should be focused on one particular
area of MDM and should be precisely defined andetied according to instances of MDM domains.

Functions Design problem (Task)
F1 | F2 | F3 | F4 | F5 DP1 | DP2 | DP3 | DP4 | DP5

ct R1

C2 R1 RS Besides indication of relationship
1% the element can contain other
% c3 R2 / types of information e.g. textual
=3 description, hyperlinks, etc.
£ ) )

C4 —
38 R2 | R2 R3 This could work similarly as

c5 R1 R3 \R.F\ comments in MS Excel cells.

— Component C4 realizes functions F2 & F3

Figure 5: Extended semantics of MDM cells

The most important issue that has to be resolvegdbential implementation of proposed MDM-
based traceability framework in industrial pracige¢he manipulation with huge matrix. The intedac
and the visualization capabilities of the tool tlkall manage the huge matrix have to provide the
following mechanisms (Figure 6):
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Figure 6: Reducing the “working space” on matrix to filtered - extracted areas
. Filtering on level of domains, and on level of roarsd columns, enabling to hide/extract a set
(combination) of rows and/or columns belonging iftedent domains or extracting several full
domains. Applying of filters should enable the useextract and merge the areas of matrix that
are of his current interest while working on matlta. The extracted area should keep all the
indicators of domains and particular rows and caisiras they are visible on the whole matrix.
Here by extracting we mean only visual extractidghe-rest of the matrix is just being hidden.

. Extracting only the cells that have a symbol oatieh from the set of selected (filtered) rows
and columns (or domains).

. Efficient way of inserting/updating areas that buéit and stored outside of the “main” matrix
as predefined templates.

. Domain names and their instances (EOs) as welhasrdlationships should be based on
specially developed ontology as proposed in [PSBMNb8 [SMS11].

. Layering / colouring schemes may also be beneficighrticular manipulation situations.

As equally important manipulation issue - the timelshould also be carefully considered — for which
period should one MDM be valid? Should one MDM Iadid/for e.g. one big project or some areas
will have permanent character while the others khogpresent certain periods in timeline? How to
combine areas of matrices and/or whole matricas filferent projects and time periods?

4 SUMMARY AND FURTHER RESEARCH ISSUES

This section will further elaborate how an estdidd traceability in particular engineering
environment could become a factor of integratiorm@ as the method (instrument) to deal with
complexity. Situations and/or requirements thagger utilization and deployment of recorded
traceability data varies across engineering dom@rg software, automotive industry, mechatronic
systems), but also the significant part of themcaramon to all domains.

According to [SZ05] traceability relations may beptbyed in the development life cycle of a software
system to support different development and maantee activities, including:

. change impact analysis and management

. system verification, validation, testing and staddacompliance analysis;
. the reuseof software artefacts; and

. softwareartefacts understanding
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Based on an analysis of the project managemenegses and findings gathered in [MSB11b], we
have extracted major traceability issues and requents relevant for project management in one
medium sized automotive company:

. Which documents are associatedth one particular context or viewpoint?
. What is the completeness and accuracy of docun@eriewmt involved in garticular project
mileston@

. Are all documents and information correctly and ptately transferred from one main business
process to anothéthandover” scenarios between different tegfhs

. What were the major business changes in the prpjextolio, when and why did they happen,
and how did they influence currently active progect

Koehler [KNV14] and Chucolowski [CWW14] also emplzsthechange impact analysishange
managemenandunderstanding of complex (mechatronic) systeinen they have to be reused (their
research is also focused to automotive industry).

According to [SZ05] the simplest form of analysithg impact of a change in a given artefact (e.g. a
requirement statement) is the identification ofté other artefacts that will be affected by tharge
(e.g. design artefacts and software code). Primitivange impact analysis requires the provision of
basic querying facilities to retrieve traceabiligfations of specific types that may also have i§ipec
values for the properties defined for these typdast of the existing traceability tools and
environments provide such querying facilities fie tirea of software engineering).

Spanoudakis and Zisman [SZ05] also state that wmnmgplex forms of change impact analysis may
also be desired in different settings. Exampleshete forms are: (a) the classification of affected
artefacts into different groups subject to the exdfect that the change will have on them, (b) the
identification of side-effects that the change mfagve, and (c) the estimation of the cost of
propagating the change. The delivery of such cdipebirequires support for the composition of
different traceability relations intéracepaths These trace-paths can demonstrate how impact is
propagated across artefacts that are not diresityed.

We believe that the MDM — based traceability maaled framework could provide a good basis for
further development of algorithms that will realiabove mentioned requirements and especially
visualization functionalities — where tracepathd i shown as diagrams “extracted” from relevant
matrix areas.

Sherba et al. [SAF03] have proposed an approadhail@wvs the generation of new traceability
relations based on relationship chaining. This eaghn uses special integrators, which can discover
and create traceability relations between softvaarefacts and other previously defined relatiortee T
new identified relations can be generated basethdinect and transitivity dependencies, complex
dependencies containing more than one source tnaksn elements being related.

Proposed MDM - based traceability framework shdulther contribute to two important factors that
influence design communicatioan awareness of what information the other partgdseand an
overview of the sequence of tasks in the desigeepgiMKHO08].

Besides bridging the gaps in information flow (désed in [ECSO01]), the proposed traceability
methodology should offer the possibilities ittegrate knowledgdoward the creation of shared
understanding in collaborative product developnteatns [KBV10]. Based on the proposed approach
to defining domains and EOs as elements/subsetsitology, the knowledge integration could be
accomplished in two ways:

. using the existing relations in ontology to naveggierform semantic searches) between related
elements of several domains;
. establishing new relationships (either compositiooa associative) between elements of

different domains that were not recorded manually.

To conclude, all issues listed in this section actually open research issues that require further
intensive efforts from engineering design community
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