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Abstract — Modern software development is unimaginable
without the help of Application lifecycle management
systems (ALMs) due to the heavy documentation and
communication needs, especially in safety-critical
developments. In this paper the idea of Augmented Lifecycle
Space is presented together with its use and benefits. The
main target of application is to enhance traceability and
consistency throughout the development with minimal or
reduced human effort. The idea can be realized easily in
homogeneous ALM systems. In case of heterogeneous
systems, which is the main scope of this research, some kind
of interoperability is required among the used tools. Open
Services for Lifecycle Collaboration (OSLC) is a possible
solution and it is used to illustrate a possible setup for
further studies.

Keywords: application lifecycle management, development
process improvement, open services for lifecycle
collaboration, tool interoperability, tool integration

I INTRODUCTION

In modern software development the aim of the
developers is to deliver high quality software reliably as
fast as possible. In safety-critical developments this is
completed with the minimization of risk until a level as
low as reasonable practicable (ALARP). Therefore,
mature development processes are inevitable where the
operation of final product has some potential hazard (such
in aerospace, automotive or medical industry) or the
software could have high financial impact (e.g. bank- and
telecommunication sector). It is crucial to manage
development and to ensure customers about the
appropriate  operation. Therefore, companies use
application lifecycle management (ALM) systems. The
tasks of ALM systems can be formulated with the
following three activities: governance, development and
operation [1]. This means that ALM system supports the
management by providing crucial information such as key
process indicators, helps in distribution and management
of tasks of developers and it provides the necessary
documentation to prove the satisfactory operation
according to the customer needs or to the standards and
directives [2].

ALM systems consist more software components where
the service provider is not necessarily the same. It is a
hard choice to select the most suitable or best
customizable solution from the selection of various
vendors. Some guidance can be found for evaluation in [3,
4], while Fig. 1. presents some competitors by comparing
their vision and their ability to execution. The choice can
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vary in a wide spectrum: Complete solutions can be
bought from a single vendor or even all system
components can be obtained from independent service
providers.

However, it is sure that relationship management has to
be solved; In case of comprehensive service, the vendor
(usually) has an individual solution to establish connection
between artifacts. In case of multiple providers, such
connection has to be created tailored to the used software.

In such heterogeneous systems are the benefits of
Augmented Lifecycle Space the most clear. Hereby, the
existing artifact relationships are used to find the
deficiencies of the system. The missing connections and
artifacts then can be either generated automatically or can
be created manually. Nevertheless, the Augmented
Lifecycle Space shows the ideal state of the system and
the steps for correction can be planned.

In this paper we present how the Augmented Lifecycle
Space can be created together with its benefits. In our
research we focus on developments, where heterogeneous
ALM system is established and the development
environment is highly regulated. In our research we
recommend to use Open Services for Lifecycle
Collaboration (OSLC) to establish artifact relationship
management where it is missing.

The rest of the paper is structured as the following: At
first, the regulation environment and possible
developments methods are presented (Chapter 2).
Afterward, the importance of traceability and consistency
is highlighted together with the special challenges for
assessors (Chapter 3). Thereafter, the idea of Augmented
Lifecycle Space, its realization and its benefits are
discussed (Chapter 4). Finally, the paper ends with
conclusion and possible enhancements.

II.  IMPORTANCE OF TRACEABILITY AND CONSISTENCY

For safety-critical software the forward and backward
traceability (together bilateral or bidirectional traceability)
is required by standard IEC 61508 [5]. For Safety
Integrity Level (SIL) 1 and2 it is recommended while for
SIL 3 and 4 it is highly recommended. The importance of
traceability is clear as it is prescribed not only in the
aforementioned standard, but in many others. The
Capability Maturity Model Integration (CMMI) [6] and
standard ISO/IEC 15504 [7] have provision for general
software development. Similar provision can be found for
safety-critical developments: standard DO-178C [8] has
requirements for airborne system, while standard ISO
26262 [9] is responsible for road vehicles.
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Figure 1. Important vendors and their performance [29]

Moreover, Automotive SPICE [10] and MDevSPICE [11]
has to be mentioned as further directives with traceability
related ordinance for autos and medical devices.

Most important regulation for medical device
developments are also highlighted, as these are the main
target of this research. In this domain the Medical Device
Directive (MDD) of European Council [12] and guidance
of the Food and Drug Administration (FDA) of the United
States [13] are the most noticeable guidelines which
involves traceability. Furthermore, standards IEC 62304
[14], ISO 14971 [15], IEC/TR 80002 [16], and ISO 13485
[17] has to be mentioned. More can be read about
traceability in [18].

The need for consistency is straightforward, yet only
the latest version (published in July, 2015) of Automotive
SPICE [10] prescribes it. According to their definition
consistency means the lack of contradiction among the
analyzed contents (requirements, test cases, etc.).
Although, this regulation is not related to medical
developments, yet it is highly possible that it will appear
in the near future. Therefore, it is practical to consider it
already in our research. The need (and check points) for
analyzing traceability and consistency can be seen on Fig.
2. in case of the classical V model.

In [19] Gotel at al. visions seven requirements for the
ultimate traceability. By analyzing the properties of the
ideal traceability it is clear that every participant benefits
from it: High managers are capable to trace the
development process, low managers can establish and
track workflows, developers and testers have up-to-date
and inspected requirements or test cases, and the users are
assured that every step was executed as necessary.
However, instead (or next to) end users it is a common
practice to validate the development process with the help
of assessors.

Hereby, the assessors face with great challenge: they
have to get familiar with the development quickly, they

have to navigate among many (often unknown) tools and
they can only see snapshots at certain points.

The aim of this research targets every participants. Our
goal is ensuring everybody that every step in the
development process is planned, reviews, implemented,
tested and validated. This is done with automatized
analyzes where human factor is eliminated.

III. AUGMENTED LIFECYCLE SPACE

Companies may choose to setup their ALM system
from various components even if the heterogeneous
system will most probably have incompatibilities. The
first and most important factor is suitability: the best
fitting or best customization may require software from
different vendors. Elder companies have rarely established
ALM systems completely from nothing. System
components bought in different times are rarely
abandoned as people have to overcome reluctance against
new interfaces and approaches. Furthermore, the amount
of stored information makes the migration hard.
Moreover, the date stored in ALM system is intellectual
property which is hard to replace. The fear of losing data
often prevents improvement.

It is inevitable to avoid consistency and traceability
related problems in such heterogeneous environment if the
system components are unconnected. Cross-tool
relationship is especially important to avoid erosion of
traceability and inconsistency. (Such event occurs if the
requirements and test reports are handled in different tools
and the artifacts changes do not affect each other.)
Another aspect which can hinder development is
distributed environment. Developer using different tools
have to navigate among various windows which reduces
efficiency. Finally, storing the same entry at multiple
location without proper and automatic maintenance
require unnecessary human workload and it is a possible
starting point for erosion.
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Figure 2. Traceability (blue) and consistency (red) when using V-model [10]

The idea of Augmented Lifecycle Space was invented
to get rid of the aforementioned problems. However, its
application presumes artifact relationship managements.
The idea to use interoperability in not new [20, 21] and it
inevitable according to the foregoing. Hereby, we suggest
to use Open Services for Lifecycle Collaboration (OSLC)
if possible [22]. OSLC is ideal for our research for many
reasons: it has high industrial support and many relevant
vendor is compatible with this standard. It uses web
architecture and linked data, this way it requires minimal
data traffic and copying of artifacts can be avoided which
results reduced data storage need. Sent information is
reduced to the minimal necessary amount, this way it is
again undemanding in resources. The benefits of using
OSLC can be seen on Fig. 3.

Applicability of OSLC is researched and proofed to be
effective [23-25]. It has become more popular in the last
years and a growing number of adaptor can be found on
the market developed by the vendors themselves (e.g.
IBM developed adaptors for Atlassian JIRA or Git) or by
third party (e.g. Tasktop). Augmented Lifecycle Space
was invented to utilize the full potential of OSLC.

Assuming an ALM system with proper cross-tool
interoperability provides a lifecycle space. This consist
every artifacts and their mutual connections in the system.
This real lifecycle space consist faults and deficiencies
which need to be eliminated. To get rid of these problems
the real lifecycle space is copied virtually.

This virtual space will be completed (augmented). In
order to do this problems have to be found; Firtsly, the
existing artifacts has to be categorized according to a
chosen model. (This model can be a classical V-model as
in [10] or may use a completely different approach as in
[26].) According to the applied model the existing
relationships and the artifacts has to be analyzed to find
the missing components. Missing artifacts have to be
automatically created, this way augmenting the system.
Missing links have to be created in the same manner if no
any artifact is required.

This Augmented Lifecycle Space can be used for more
purposes. The most trivial application is to use the

augmented components to correct the flaws of the existing
system. In order to do this the necessary workflows can be
created automatically as every necessary information is at
hand to do this. On the other hand, the Augmented
Lifecycle Space can be used for project planning as well.
The labor needs can be simulated if it contains a new
feature or a modified requirement. In such case the
Augmented Lifecycle Space contains every modification
which is necessary for the implementation without
modifying the original database. Moreover, the workflows
can be generated similarly as in the previous case, this
way the management can have a complete vision of
execution.

Altogether, application of Augmented Lifecycle Space
has the following benefits:

- explore missing artifacts and relationships,
- ensure a complete and flawless system,
- generates workflows for fault correction,

- simulates the effect of a new feature/feature
modification without disturbing the original
database,

- predict labor needs for future modifications.

All of the aforementioned problems are solved
automatically.

System improvement done this way has additional
benefits: Code level traceability can be easily achieved
through cross-tool interoperability. Low managers are
disencumbered as workflows are generated automatically.
If redundancy is inevitable it can be copied and
maintained  automatically.  Finally, the different
development tools can be integrated into a single one,
where every user could see every necessary information,
which highly increases usability and efficiency.

A case study is planned to validate our concepts. In the
planned research four tools will be involved: requirement
management system, test management system, issue
tracking software and a revision control system all of them
from different vendors. A fifth tool Tasktop Sync [27] will
be used to provide the required OSLC adaptors.
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