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Abstract—Practitioners are poorly supported by the scientific literature when managing
traceability information models (TIMs), which capture the structure and semantics of trace links.
In practice, companies manage their TIMs in very different ways, even in cases where companies
share many similarities. We present our findings from an in-depth focus group about TIM
management with three different systems engineering companies. We find that the concrete
needs of the companies as well as challenges such as scale and workflow integration are not
considered by existing scientific work. We thus issue a call-to-arms for the requirements
engineering and software and systems traceability communities, the two main communities for
traceability research, to refocus their work on these practical problems.

Il A CRUCIAL BUILDING BLOCK in a successful
traceability strategy for any organisation is a well-
defined and goal-oriented traceability information
model (TIM). A TIM defines the relationships
between the diverse artifacts created during sys-
tem development, often by different teams and
often different parts of an organisation. For these
relationships, it defines structural aspects such as
trace links types and cardinalities. Additionally,
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a TIM’s semantic information can be informed
by organisational structures, information about
the workflow, the interaction between products
and platforms, and the collaboration between
different parts of an organisation. This makes a
TIM a crucial artifact in an organisation and,
at the same time, very difficult to change once
established. The main question when defining a
TIM is thus how to capture these aspects and
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translate them into a model that the individual
engineer can successfully work with and use to
create value. TIM management includes activ-
ities such as defining which relationship types
are needed, implementing the designed TIM in
a tool and managing its evolution. Because of
the complexity of what a TIM captures and its
importance for traceability, each company, and
sometimes each project, requires a tailored TIM.

Due to this specificity, practitioners lack con-
crete guidelines when creating TIMs especially
in large systems engineering companies. To ad-
dress this issue, we conducted a workshop with
three companies developing systems from three
different domains to understand their current and
emerging TIMs and the challenges they face when
managing them. The workshop revealed that each
of the three companies manage their TIMs in rad-
ically different ways but that they face common
challenges which are yet to be addressed in lit-
erature. We summarise our findings in this paper
and describe research challenges that result from
them as a call-to-arms for the RE and software
and systems traceability community.

Important terms

Traceability is is defined as the ability to
interrelate any uniquely identifiable soft-
ware engineering artifacts to any other,
maintain required links over time, and use
the resulting network to answer questions
of both the software product and its devel-
opment process [1].

A traceability strategy is a plan of action
leveraged to design a traceability solution,
consisting of a traceability process, tooling,
and a traceability information model (TIM).
A traceability information model (TIM)
defines all the artifact types that need to
be traced to and the different relation-
ship types between the artifacts types. Fig-
ure 1 shows an example of a simple TIM.

Realized by

Figure 1. A simple TIM as an example. It

connects four different artefact types (require-
ments, system tests, design models, and im-
plementation) with three different trace link
types (tested by, realized by, and implemented
by).

\_ J

Background on TIM management

The literature on TIMs management is split
into three main themes: research proposing TIMs
for specific purposes e.g., TIMs for safety cer-
tification [2] or for managing non-functional re-
quirements [3]; research proposing generic TIMs
that can be reused, e.g., [4]; and finally tools
that support concrete implementation of TIMs
that have already been designed, such as [5].
Regardless of theme, however, many of the stud-
ies are abstract (e.g, [6]) or conducted using
small examples that are isolated from realistic
company environments. Their generalisability is
thus dubious. In both the research community and
in industry, it is agreed that no single TIM fits
every development context, therefore, the number
of studies proposing generic TIMs has decreased
over time, and research is focused on project-
specific or task-specific TIMs [7].

While it is true that no single TIM fits ev-
ery development context, concrete guidelines are
needed to support practitioners to define, im-
plement and maintain their specific TIMs. This
part of research is lacking and practitioners have
to manage TIMs with little support from sci-
entific literature. A few studies exist, e.g., the
work by Ramesh and Jarke [6] provides some
reference TIMs that practitioners could use as a
starting point for designing their own TIMs. The
paper discusses issues encountered when using
the reference models in few case studies. Addi-
tionally, Mider et al. [8] gives a few guidelines
for defining TIMs and provides guidelines for
traceability in safety-critical environments which
also include some guidelines on TIM design [9].
Overall, different aspects are still missing such as
as alignment of TIMs with different processes and
workflows, TIM evolution and in general TIM
management in large organisations.

Our long-term goal is to fill this gap. This
paper presents the first step in this endeavour,
i.e., identifying practitioner’s challenges when
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Table 1. Overview of the three companies that participated in the workshop. In order to protect each company’s
anonymity, the text refers to Company 1, 2, and 3 instead.

Company A Company B Company C
Domain Industrial automation Telecommunication Automotive
No. of participants 3 1 3
Participants’ roles 2 Lead Systems Engineers 1 Systems Engineer 1 Information Architect
1 System Test Engineer 2 Process, method, and tools specialists

managing TIMs, in order to synthesize useful Practitioners’ Challenges
solutions and guidelines for these challenges. The three companies that presented their
TIMs in the workshop all have a different ap-

proach towards the design of TIMs. In Company
Methodology 1, the TIM is not formally documented as a

model, but implicitly defined as part of the defi-

We conducted a focus oD with five re- nition of done and integrated in the continuous
searcher.s and seven practitioners fr(?m th.ree integration tooling. Developers are thus aware
companies from the systems engineering of which trace link types to create. The TIM

domain. All participants from the com-
panies have experience with traceability.
Additionally, participants from two of the

focuses on linking development artifacts in an
agile environment, e.g., test cases, user stories and
code. Company 2 defines an overall information

thre.e C:ompanies have? practical exp§rience model that models all artifacts and aspects used
designing and managing TIMs. During the in the development environment. The traceability
focus group, one of the researchers pre- strategy is derived from this information model.

sented examples of TIMs and a summary
of guidelines on how to define TIMs ex-
tracted from literature. This was followed

Company 3 follows a formal process and defines
a company-wide TIM with a centralized approach
via a feature model and including traceability

by presentations. from the thre; companies in two dimensions: traceability between platform
(Table 1) on their TIM and their TIM man- artifacts and between the product instances of the
agement process. Each presentation was platform artifacts.

followed by a discussion of the s'pecif?c While the companies follow different ap-
challenges presented and the relationship proaches, the challenges can be ascribed to three
to literature. The discussion was open such main drivers:

that all participants could ask questions
about the presented TIM and TIM manage-
ment process. The researchers took notes
during the presentation and discussions.

The notes were later analyzed in a brain-
storming session with five researchers.
The challenges identified were sorted and
grouped into three categories and member
checked with the industry participants of

e The companies develop complex products us-
ing a product line approach.

e The companies are large and distributed and
different teams need to work together on the
same end product.

e The companies have long-lasting products
which means traceability needs to be main-
tained over a long period of time.

the focus group. The challenges are presented in the sections
In order to protect each company’s below and summarised in Figure 2.
anonymity, we refer to Company 1, 2, and
3 instead, when reporting results. These Complex products
numbers are not in any particular order; The focus group allowed us to identify chal-
specifically, Company 1 does not necessar- lenges that arise due to the complexity of the
ily correspond to Company A. products developed by the companies.

- ~/ o Inherent complexity of TIMs A TIM for a

large and complex system containing a large
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Challenges related
to product

complexity

Inherent complexity of TIMs

Difficulty of representing platform and
product links in the TIM

No shared company-wide view on return on
investment of trace links

Varying requirements imposed by stakeholders
with diverse needs

products

Unclear strategies on how to evolve
TIMs and trace models

Need to support artifact versions in the TIM

Complexity added when TIMs need to be
adjusted to process maturity

Challenges related
to long lasting

Difficult to manage a TIM that supports
mixed development process and workflows

Difficult to align TIM validation with

project phases

number of artifact types needs to encompass
the entire product and is therefore complex
itself with a large number of artifacts types
and relationship types. Thus managing such a
TIM is difficult.

Company 2 addresses this challenge by creat-
ing an overall information model. It not only
defines all artifact types that exist along with
their relationship types, but also captures addi-
tional information such as tool capabilities and
role responsibilities. While one might argue
that the information model constitutes a TIM,
it contains aspects that are not relevant for
traceability of software development artifacts
which are not clearly delineated. For instance,
the information model used by Company 2
contains more than 50 artifact types and also
defines workflows and responsible roles. This
makes it difficult to reason about traceability
with such information models.

One of the engineers from Company 2 reported
that the complexity of the overall information
model makes it difficult to define a subset of
the information model as a TIM and plan an
overall traceability strategy for the company
based on this.

o Difficulty of representing platform and

product links in the TIM In a product line en-

Figure 2. Overview of Challenges that make design of TIMs difficult in practice.

vironment, traceability needs to support main-
tenance of the shared assets in the platform
as well as the assets for specific products.
In such a scenario, companies struggle with
defining a TIM in a way that caters to product
lines activities (e.g., variability tracking and
maintenance) and activities related to individ-
ual products (e.g., change impact analysis and
project progress monitoring) alike. Ideally, ev-
ery feature is first implemented on the platform
level and only reused at the product level so
that trace links from the platform are inherited
by specific product instances to achieve full
traceability. However, in practice, as reported
by Company 2 and 3, this is rarely the case
and product-specific features exist that make
traceability on the product level necessary. It is
a challenge to represent platform and product
traceability in the TIM to make the traceability
as visible and efficient as possible.

No shared company-wide view on return
on investment of trace links Stakeholders
defining a TIM need reasons for including
certain relationship types in the TIM. A com-
mon way to motivate a relationship type is to
link it to a stakeholder need by eliciting the
traceability needs of the different stakeholders
in the company [8], [9]. For smaller systems,
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it is easier to understand which trace link
types are needed since knowledge of how the
different artifact types fit together is common,
however for complex systems, this elicitation
leads to many suggested relationship types due
to the large number of artifact types. They thus
need to be filtered by the expected value they
create, but it is difficult to predict the concrete
value of certain relationship types. Moreover,
different link types have different value for
different stakeholders. While this is a general
traceability challenge, it is also TIM related
since for complex systems it is unclear which
combination of trace link types provide the
most value. All the three companies in the
workshop struggle with making decisions on
which relationship types to include in the TIM.
For example, in Company 2, there are more
than 50 artifact types, which makes it difficult
to decide which trace link types between these
artifacts are actually valuable.

e Varying requirements imposed by stake-
holders with diverse needs A TIM is typically
designed according to the stakeholder needs in
the company. For large organisations, a single
TIM needs to address the needs of many stake-
holders. For instance, different stakeholders
may not only require different link types but
also require same link types but on different
abstraction levels. This results in large and
complex TIMs. The representation of such
TIMs to stakeholders is difficult since different
stakeholders need to derive different informa-
tion from the TIM. For example, performing a
system level safety analysis requires trace links
on a higher abstraction level compared to low
level safety analysis of specific functions. In
practice, it is challenging to design a TIM that
is flexible enough to support these different
needs and still provide guidance to developers
so that they create useful trace links using such
a TIM.

Large and distributed companies

In this section, we describe challenges that are
due to the companies being large and distributed
but still having to coordinate and work together
to create the same end product.

e Difficult to define a TIM that supports

May/June 2020

0740-7459 (c) 2020 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
Authorized licensed use limited to: Carleton University. Downloaded on October 04,2020 at 20:39:18 UTC from IEEE Xplore. Restrictions apply.

mixed development processes and work-
flows In large systems engineering companies,
different disciplines (e.g., mechanical engi-
neering, electrical engineering, and software
engineering) need to be coordinated and in-
tegrated. Teams that focus on one of those
disciplines tend to follow processes that are
aligned with the way the parts of the product
are developed. A mechanical engineer, e.g.,
is more likely to use a waterfall-ish process
whereas a software engineer might work in
an iterative-incremental fashion. Each process
requires different kinds of artifacts, e.g., a
product requirement document for the mechan-
ical engineer and a backlog item for the soft-
ware engineer. A TIM that is used in such an
organisation needs to cater to all processes or
workflows and therefore integrate all artifacts
prescribed by all used processes, independent
of discipline, thus contributing to the TIM’s
complexity. This challenge was reported by
company 2 and 3.

Difficult to align TIM conformance checks
with project phases Constraints defined in the
TIM such as cardinality are used to check if
links exist and are syntactically correct. For
instance, if the TIM defines a one-to-one cardi-
nality for a link from requirement to test, then
this should be enforced to ensure that the link
actually exists and the cardinality is adhered
to. However, in practice, the enforcement of
such conformance checks needs to be aligned
with the current project phase or current phase
within the sprint. For instance, the compa-
nies reported that enforcing that there is a
link between a requirement and a test during
requirements elicitation through the TIM is
not helpful, but is helpful at a later stage
when requirements are already gathered and
need to be maintained. This challenge becomes
more pronounced when mixed development
processes are used and there is no clear global
definition of phases. Additionally, constraints
on the TIM should not limit the agility of the
different teams.

Long lasting products

The products developed by the three compa-

nies have to be maintained over a long period of
time. Thus the TIM and the traceability links in
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place also need to be maintained. This introduces
three main challenges with respect to TIM man-
agement as organisations, development processes
and system engineering techniques evolve.

e Unclear strategies on how to evolve TIMs
and trace models All the companies acknowl-
edged that once the TIM is defined and used,
it is hard to change both on a technical and
process level, since existing links conforming
to the current TIM need to be migrated. Ad-
ditionally, there are no strategies in place to
analyse the existing traceability strategy in the
companies to decide if the TIM needs to be
updated. This leads to TIMs that are defined
once and not updated, even though some of
the relationships they capture have evolved.
Currently, TIMs are changed in big bang ap-
proaches: when a new platform is created at
Company 2, e.g., the TIM is changed as well.
The old platform is maintained with the old
TIM and the new platform will be maintained
with the new TIM. However, the company
now wants to move to a development strategy
in which their platform will change less fre-
quently, therefore the company needs a new
strategy on how to continuously evolve the
TIM.

e Need to support artifact versions in the TIM
In a typical software and systems engineering
product line, various versions of an artifact co-
exist and are used in products at the same time.
Which version is used in which product needs
to be tracked. In the automotive domain, e.g.,
regulations state that the manufacturer needs
to trace which versions of the components are
deployed in a specific vehicle. Trace links to
specific artifact versions thus need to be estab-
lished both at the platform level and product
level (cf. Figure 3).

Company 2 and 3 reported that it is a challenge
to define a TIM that explicitly supports ver-
sioning information for the artifacts connected
by trace links.

Company 1 reported creating traceability links
from requirements and test cases to specific
commits but having issues with tracking arti-
fact versions when multiple artifact reposito-
ries are used.

e Complexity added when TIMs need to be

Product level: specific artifact and trace versions are selected

Trace 1 (version 1)

Artifact 1 Artifact 1 Artifact 2 Artifact 2
(version 1) (version 2) (version 1) (version 2)

]
Platform level: trace links to Trace 1 (version 2)

different artifact versions are maintained

Figure 3. Versioning of trace links in a product line
environment.

adjusted to process maturity The stability of
a TIM reflects the stability of the development
process. For companies transitioning from one
development process to another, TIM man-
agement is challenging. Product development
continues in the midst of process changes and
traceability still needs to be maintained. In
such situations, it is necessary to manage and
evolve multiple TIMs in parallel as different
development teams have different schedules
for adopting a new development process. For
instance, Company 3 is transitioning from sin-
gle product development to product-line de-
velopment. In this transition, three TIMs are
required: a TIM that supports a single product
approach; TIM that supports a product-line
approach; and a TIM that supports teams that
are “in between”, i.e., teams that have started
to transition but are not yet fully transitioned.
Such teams end up creating more traceability
links than needed in either of the development
paradigms, as they must trace to artifacts in
the old and new process. Moreover, as teams
migrate from one paradigm to another, trace
link migration is difficult due to the challenge
of evolving TIMs and trace models discussed
before.

Refocusing TIM design research

The existing guidelines on TIM management
such as those from [6], [8] and [9] are a good
starting point for practitioners. However, these
guidelines do not cover all the challenges prac-
titioners face when creating TIMs in large sys-
tems engineering companies. Particularly there is
little support for understanding the implications
of the development process aspect on the TIM,
especially when mixed development processes are
used. Our findings show that this is a problem in
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practice.

For some of the challenges, e.g., TIMs for
product lines, changeability of TIMs and TIM
modularisation, research such as [10], [11] and
[12] exists respectively. However, this research
only investigates the tooling aspect with restrict-
ing assumptions such as that all artifacts are
persisted in certain formats and specific tools
are used. This limits the transferability of such
research to practice.

Moreover, some of the guidelines are con-
flicting in practice. For instance, some literature
suggests that the level of abstraction between
two artifacts connected by a trace link should
match [8] while organisations that develop safety-
critical products need to trace between artifacts
on different levels of abstraction to be able to
perform various safety analysis tasks required by
safety standards. One of the solutions suggested is
to trace to different levels of abstraction depend-
ing on the use of the trace links and have tool
support to represent the links at different levels
of abstraction [6]. However, it is not clear how
this can be handled in practice in a cost-efficient
and effective manner. Additionally, existing TIM
design guidelines are scattered in various publi-
cations making them hard to find, and there is no
guidance on how practitioners can operationalize
these guidelines.

From our research, we believe that among
many possible research directions, the following
research is needed in the context of the challenges
we discussed:

e Research on managing complex TIMs such as
TIM modularization, use of multiple TIMs in
an organization and adoption of TIMs in a
cost-efficient and effective manner.

e Creation of guidelines for designing TIMs that
support product-line platform related activi-
ties and product-specific activities, as well as
how TIMs can support derivation of product-
specific links from platform links.

e How to evolve TIMs and existing trace models
such as using model transformations to trans-
form existing links to match a new TIM, and
how to evolve TIMs when processes change.

e Research on how organisations can design
TIMs that support multiple development pro-
cesses and workflows, e.g., by defining

May/June 2020

process-agnostic TIMs and providing guide-
lines on mapping the different artifact types
and links to specific development processes.

While some of the above topics are not new to
the requirements and traceability community, our
aim is to explicitly point out these challenges to
draw more attention to the practical complexity
that exists in companies that deploy traceability.
We acknowledge the usefulness of technical and
tool-related research on traceability. However,
from the perspective of managing TIMs, we be-
lieve solving many of the challenges requires a
process-oriented research perspective. We there-
fore suggest more empirical studies specifically
on TIM management focusing on large organisa-
tions developing complex product lines with long-
lasting products. Only if research on traceability
and TIM management acknowledges these prac-
tical challenges will it yield beneficial lessons for
practitioners.

Summary

This paper reports on challenges that prac-
titioners face when managing TIMs. The chal-
lenges were identified using a focus group with
three companies from the automotive, industrial
automation and telecommunication domain. The
challenges are due to three drivers; complexity
of the products developed, the size and distribut-
edness of the companies and the long lasting
products that need to be maintained. Our study
calls for more research on TIM management
targeted to companies with such characteristics.
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