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Abstract

Software development has become one of the world’s most important technologies. In
parallel with the emergence of software development itself, development
methodologies have evolved from the stage-gated waterfall model to more adaptive
development frameworks such as XP and Scrum. As a part of XP and other agile
methodologies, continuous integration and continuous delivery were introduced to
mitigate problems with a long and unpredictable integration process at the final stage
of a project.

Companies that develop large-scale software-intensive embedded systems develop
software systems combined with electronic and mechanical systems. These companies
can also utilize the benefits from continuous integration and continuous delivery, but
only if continuous integration and continuous delivery could be adapted to challenges
and limitations introduced by large-scale and by proximity to hardware. In response to
this, this thesis presents solutions for how continuous integration and delivery should
be applied to large-scale software-intensive embedded systems.

The results from the research studies presented in this thesis are based on data from
eight case study companies. The studies are based on quantitative data (in one case
from 2,000 engineers) and on qualitative data from interviews and workshops (six
studies including more than 20 participants). The studies also include three systematic
literature reviews and a systematic mapping study, in total covering 191 publications.

The first part of this thesis identifies the problems that must be taken into account
when applying continuous integration to large-scale software-intensive embedded
systems. This is followed by definitions and interpretations of continuous integration
and continuous delivery applicable to development of large-scale software systems.
Finally, the key contributions of the research presented in this thesis are two models
and a method, which will help organizations struggling with challenges related to scale
and proximity to hardware to better implementations of continuous integration and
continuous delivery. These contributions are valuable for both researchers and
practitioners, as they provide a systematic approach rather than making changes
blindly and hoping for the best. The key contributions of this thesis are:

· The EMFIS model, which allows companies to explicate a representation of the
organization’s current situation regarding twelve continuous integration
impediments, and visualizes what the organization must focus on in order to enable
more frequent integration of software.

· The TAS model, which shows how the continuous integration and delivery pipeline
can be designed to include test activities that support four stakeholder interests,
including unit/component tests and system tests, automated testing and manual
testing, and tests executed in simulated environments and on real hardware.

· A test method for exploratory testing of large-scale systems, which incorporates
exploratory testing as a test activity in the continuous integration and delivery
pipeline. The test method is designed to complement automated testing, and to
provide different feedback and insights than the results from an automated test case.
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