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Background – Open Source Software

• 1960/70’s – software into the 
bargain

• 1980’s – political movement
• 1990’s – commercial (Linux)
• 2000’s – databases 

(MySQL), Android
• 2010’s – everywhere

OPEN SOURCE EXPANDED
EDITOR DIRK RIEHLE 

Friedrich Alexander-University of Erlangen Nürnberg;dirk.riehle@fau.de

T he concept of “free software” (with free as in free-

dom) dates from the early 1980s. The term open 

source is much younger, from the late 1990s. 

But before free and open source software (FOSS) 

existed as such, some programs were paving the way. In 

fact, until the late 1960s, most software worked as FOSS: 

it was shared with relative ease between people who took 

care of computers. Only a few companies manufactured 

computers, with IBM being, by a 
large margin, the market leader. 

For all of them, software was just a 
companion to hardware: as long as 

you paid for maintenance, you had 
access to the software catalog of the 

manufacturer. User groups, such as 
SHARE (IBM) and the DECUS [Digital 

Equipment Corp. (DEC)] favored soft-
ware sharing. To some extent, prior 

to 1970, software was just an add-on 
to hardware, not something consid-

ered valuable in itself.The situation changed in 1969, 
when IBM announced the unbun-

dling of software: part of its catalog 

was to be sold separately. From that moment on, users had 

to purchase some of the software they needed. Various 

companies began to flourish with a business model based 

on producing software to be run on hardware sold by oth-

ers. This kicked off the software market and, with it, the 

change of software’s status. Vendors implemented techni-

cal and legal means to limit sharing, modifying, and even 

studying programs. During the mid-1970s, proprietary 

(non-FOSS) software was already the norm. However, by 

the early 1980s, some programs were distributed in ways 

similar to what we now consider FOSS, among them, SPICE 
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A Brief History of Free, Open Source Software and Its CommunitiesJesus M. Gonzalez-Barahona, Universidad Rey Juan Carlos 
Free, open source software (FOSS) has a long history, beginning with 

the origins of software itself, when the terms free software and open 

source software were not yet defined. Learning about the milestones 

of this history may help to understand FOSS today.
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Open source in mobile devices – 2011
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Abstract. The era of the PC platform left a legacy of competitive strategies for 

the future technologies to follow. However, this notion became more 

complicated, once the future grew out to be a present with huge bundle of 

innovative technologies, Internet capabilities, communication possibilities, and 

ease in life. A major step of moving from a product phone to a smart phone, 

eventually to a mobile device has created a new industry with humongous 

potential for further developments. The current mobile platform market is 

witnessing a platforms-war with big players such as Apple, Google, Nokia and 

Microsoft in a major role. An important aspect of today's mobile platform 

market is the contributions made through open source initiatives which promote 

innovation. This paper gives an insight into the open-source software strategies 

of the leading players and its implications on the market. It first gives a precise 

overview of the past leading to the current mobile platform market share state. 

Then it briefs about the open-source software components used and released by 

Apple, Google and Nokia platforms, leading to their mobile platform strategies 

with regard to open source. Finally, the paper assesses the situation from the 

point of view of communities of software developers complementing each 

platform. The authors identified relevant implications of the open-source 

phenomenon in the mobile-industry.  
Keywords: open-source, platform strategies, mobile industry, mobile 

platforms, iOS, Android, Symbian, Maemo. 

1 Introduction 
The open-source software phenomenon continues, persistently capturing the attention 

of both scholars and practitioners. It started in 1985, when Richard Stallman founded 

the Free Software Foundation promoting the idea of freedom in software. The 

Foundation, still very active today, promotes that software could run freely and that 
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Fig. 1. Worldwide smart-phone Market shares (%) by platform in 2009/2010 (Gartner, 2011) 

The technological developments in various mobile device platforms has eventually 
introduced tough competition, with eventually consumer winning in the end. One of 
the adoptions on its way is Microsoft’s Windows phone 7 OS taken by Nokia, which 
is a strategic step taken by the company assessing the current market (Nokia press 
release, 2011). However, with increasing competition, the mobile devices industry has 
also been marred with lawsuits. In the recent years, the above mentioned supreme 
leaders have now and then been involved in various patents and copyright cases 
against each other. Another aspect of the current platforms market is the code being 
open source (meaning available to everybody), with the perception of achieving 
innovation and creativity by getting all the developers involved. However, among the 
above companies this positive initiative varies on different grounds.  

On the other hand, an Open Handset Alliance led by Google was founded in Nov, 
2007 with the purpose of accelerating innovation in mobile and to richly improve the 
consumer experience. The alliance is a group of 84 technology and mobile companies 
which together released the Android with the aim of deploying handsets and services 
using the Android platform. The alliance is committed to great openness for the 
development of the Android platform through open software and applications (Open 
Handset Alliance, 2011). 

Considerable research was established on technological platform strategies, being 
briefly identified here: Anchordoguy (1989) exploited the rich competition between 
computer platforms in Japan while the western world was being monopolized by 
IBM. Bresnahan and Greenstein (1999) examined thirty years of the computer 
industry from a pure economical perspective. West (2003) investigated in detail, the 
hybrid strategies from PC vendors that attempted to combine the advantages of open-
source software while keeping tight control and differentiation in its platforms.  
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Why Open Source?
Commodity vs openess

Lundell et al. Commodification of
Industrial Software: A Case for Open
Source, IEEE Software, 26(04):77-83, 
2009. doi: 10.1109/MS.2009.88
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This approach is basically an open way to develop 
software, but with a more restricted scope—that 
is, the !rst two columns of Figure 1. Similarly to 
open source development, inner-source develop-
ment applies an open, concurrent, collaboration 
model. It implies distributed ownership and con-
trol of code, early and frequent releasing, and 
many continuous feedback channels. It exploits ex-
isting organization mechanisms—for example, for 
dealing with con"ict escalation or setting up road-
maps. Inner-source development enables "exibility 
in starting, stopping, and changing collaborations 
and in timing and setting priorities of development 
teams across organizational (and geographical) 
boundaries.

Open Source Development:  
Two Case Studies
The following case studies illustrate how large 
European companies have leveraged open source 
practices to address the shift toward open collabo-
ration. In particular, we describe the related soft-
ware’s evolution through the landscape of Figure 1.

Philips, Agfa, and the DICOM  
Validation Toolset
Medical imaging for diagnostic purposes has 
been subject to standards since the end of the 
1980s. David Clunie, a surgeon, needed to in-
terchange images made on equipment from dif-
ferent manufacturers. He started the standard-
ization of medical-image interchange, which 
resulted in the Digital Imaging and Communi-
cations in Medicine Standard (DICOM, http://
medical.nema.org).

Around 1995, most medical-imaging soft-
ware didn’t support DICOM, and interoperabil-
ity wasn’t standard. So, DICOM support was an 
added value for medical-equipment companies. 
Each company made its own implementation re-
garding image transmission, reception, and stor-
age according to the standard. At that moment, 
DICOM support was at the top left of Figure 1.

Around 2000, the companies’ clients all 
needed interoperability and expected DICOM 
support; without it, the clients wouldn’t buy their 
products. Because interoperability was important 
for clients (hospitals), it was useful for everybody 
to be able to exchange images with any equip-
ment from any company. So, the software moved 
to the middle row in Figure 1—it became basic 
for business. To deal with this situation, develop-
ment also needed to move from the left column 
to the middle column in Figure 1 (that is, from 
intracompany to intercompany development).

In 2001, Philips and Agfa started to develop a 
reference implementation of a DICOM standard 
validation toolkit (DVTk) and make it available 
as free binary (freeware), to be shared with com-
petitors. (DVTk checks DICOM conformance, 
and its functionality is necessary for any company 
that supports DICOM interoperability. With the 
toolkit, checking for interoperability with com-
petitors’ equipment takes less effort.) This move 
meant that two companies shared development 
and maintenance and that everybody could check 
conformance to DICOM in the same way. How-
ever, at that time, the toolkit’s development was 
still proprietary.

A few years later, DVTk no longer provided 
added value to products. It became a commod-
ity; that is, it resided at the bottom row of Fig-
ure 1. Validation software was still crucial, but in 
principle everyone could do it. So, a move to the 
right column (to open source software) was also 
appropriate.

In 2005, Philips and Agfa made the toolkit 
source code open source (www.dvtk.org) un-
der the LGPL (the GNU Lesser General Public 
License) on SourceForge. This enables sharing 
development and maintenance on a much wider 
scale. In particular, this move led to faster  
development and maintenance, especially for 
those parts of DICOM that were more generic 
and not targeted speci!cally at Philips’ and 
Agfa’s needs. This software is still domain spe-
ci!c, but the involved companies regard it as a 
commodity. For instance, Paul Nagy lists it as 
an important piece of OSS for medical digital-
imaging systems.14
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Triggers of Openness – why engage?

• Access to skilled workforce 
• Faster development speed 
• Low license costs and switching costs 
• Flexibility in tool usage and adaptations 
• Shared cost with the ecosystem 
• Governing ecosystem 

How Companies UseOSS Tools Ecosystemsfor Open InnovationHussan MunirLund University
Per Runeson
Lund University

Krzysztof WnukBlekinge Institute of Technology

Abstract—Moving toward the open innovation (OI) model requires multifaceted

transformations within companies. It often involves giving away the tools for product

development or sharing future product directions with open tools ecosystems. Moving

from the traditional closed innovation model toward an OI model for software

development tools shows the potential to increase software development competence

and efficiency of organizations. We report a case study in software-intensive company

developing embedded devices (e.g., smartphones) followed by a survey in OSS

communities such as Gerrit, Git, and Jenkins. The studied branch focuses on developing

Android phones. This paper presents contribution strategies and triggers for openness.

These strategies include avoid forking OSS tools, empower developers to participate in

the ecosystem, steer ecosystems through contributions, create business through

differentiation, and create new ecosystems. The triggers of openness are from 30

different companies with examples. Finally, openness requires a cultural change aligned

with strategies and business models.
& OPEN INNOVATION PENETRATES several indus-
tries such as manufacturing, finance, automotive,
mining and construction, telecommunication,
and software engineering.1,9 Companies have

discovered that their business may benefit from
sharing knowledge with other companies (e.g.,
Sony Mobile, Intel, Ericsson, IBM etc.).2,3 In OI,
the knowledge may flow both inside-out and out-
side-in and be attached to monetary transac-
tions, or not.1 Tools for software engineering is
an area to which companies apply OI principles.
For example, in the Jenkins and Gerrit

Digital Object Identifier 10.1109/MITP.2019.2893134
Date of current version 6 November 2019.

Feature Article
Feature Article

40 1520-9202 ! 2019 IEEE

Published by the IEEE Computer Society

IT Professional

https://doi.org/10.1109/MITP.2019.2893134



Beyond open source software…
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AI/ML impact on Open Source: Open Data
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Automotive scenarios

Current
https://www.dataforroadsafety.eu
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Transport
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Platoon Status

Vehicle Status

FIGURE 4  A layered freight transportation-system architecture.

vehicles to form platoons. This latter information will be 
referred to as a platooning schedule.

It is clear that the tasks of transport planning and rout-
ing are closely related and require large-scale optimiza-
tion. In fact, the planning and routing tasks are equivalent 
to the vehicle routing problem (or traveling salesman prob-
lem). This vehicle routing problem has high computational 
complexity (specifically, it is NP-hard), but several heuristic 
approaches exist [20]. Note, however, that the scope for the 
tasks of transport planning and routing might be different. 
Namely, transport planning is typically performed within 
a haulage company, whereas the platooning-aware routing 
task might benefit from the inclusion of vehicles from a 
potentially large number of haulage companies. An imple-
mentation for the latter task might therefore be based on 
geographical regions. Finally, it is remarked that the opti-
mization required in this layer will be continuously 
updated with the arrival of new transport assignments or 

FIGURE 3 An illustration of a future freight transportation system. Each vehicle is able to serve as an information node through wireless 
communication, enabling a cooperative networked transportation system. Instructions, such as the possibility to platoon with vehicles 
further ahead and how to maneuver to an appropriate platoon position for fuel optimality, can be displayed on advanced human-to-
machine interfaces inside the vehicles. Furthermore, the infrastructure aids vehicle platoons by providing information regarding, for 
example, road incidents, traffic conditions, road construction, and road tolls. A central office, such as a fleet management system, 
monitors each vehicle on the road and systematically coordinates scattered vehicles on the road network to form platoons to minimize 
fuel consumption under strict timing constraints.
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Data challenges and opportunities

• Costs for data maintenance, 
quality assurance and
annotation is an upcoming 
challenge 

• Data will gradually become 
commodity for some 
functionality

Open data 
ecosystems?
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This approach is basically an open way to develop 
software, but with a more restricted scope—that 
is, the !rst two columns of Figure 1. Similarly to 
open source development, inner-source develop-
ment applies an open, concurrent, collaboration 
model. It implies distributed ownership and con-
trol of code, early and frequent releasing, and 
many continuous feedback channels. It exploits ex-
isting organization mechanisms—for example, for 
dealing with con"ict escalation or setting up road-
maps. Inner-source development enables "exibility 
in starting, stopping, and changing collaborations 
and in timing and setting priorities of development 
teams across organizational (and geographical) 
boundaries.

Open Source Development:  
Two Case Studies
The following case studies illustrate how large 
European companies have leveraged open source 
practices to address the shift toward open collabo-
ration. In particular, we describe the related soft-
ware’s evolution through the landscape of Figure 1.

Philips, Agfa, and the DICOM  
Validation Toolset
Medical imaging for diagnostic purposes has 
been subject to standards since the end of the 
1980s. David Clunie, a surgeon, needed to in-
terchange images made on equipment from dif-
ferent manufacturers. He started the standard-
ization of medical-image interchange, which 
resulted in the Digital Imaging and Communi-
cations in Medicine Standard (DICOM, http://
medical.nema.org).

Around 1995, most medical-imaging soft-
ware didn’t support DICOM, and interoperabil-
ity wasn’t standard. So, DICOM support was an 
added value for medical-equipment companies. 
Each company made its own implementation re-
garding image transmission, reception, and stor-
age according to the standard. At that moment, 
DICOM support was at the top left of Figure 1.

Around 2000, the companies’ clients all 
needed interoperability and expected DICOM 
support; without it, the clients wouldn’t buy their 
products. Because interoperability was important 
for clients (hospitals), it was useful for everybody 
to be able to exchange images with any equip-
ment from any company. So, the software moved 
to the middle row in Figure 1—it became basic 
for business. To deal with this situation, develop-
ment also needed to move from the left column 
to the middle column in Figure 1 (that is, from 
intracompany to intercompany development).

In 2001, Philips and Agfa started to develop a 
reference implementation of a DICOM standard 
validation toolkit (DVTk) and make it available 
as free binary (freeware), to be shared with com-
petitors. (DVTk checks DICOM conformance, 
and its functionality is necessary for any company 
that supports DICOM interoperability. With the 
toolkit, checking for interoperability with com-
petitors’ equipment takes less effort.) This move 
meant that two companies shared development 
and maintenance and that everybody could check 
conformance to DICOM in the same way. How-
ever, at that time, the toolkit’s development was 
still proprietary.

A few years later, DVTk no longer provided 
added value to products. It became a commod-
ity; that is, it resided at the bottom row of Fig-
ure 1. Validation software was still crucial, but in 
principle everyone could do it. So, a move to the 
right column (to open source software) was also 
appropriate.

In 2005, Philips and Agfa made the toolkit 
source code open source (www.dvtk.org) un-
der the LGPL (the GNU Lesser General Public 
License) on SourceForge. This enables sharing 
development and maintenance on a much wider 
scale. In particular, this move led to faster  
development and maintenance, especially for 
those parts of DICOM that were more generic 
and not targeted speci!cally at Philips’ and 
Agfa’s needs. This software is still domain spe-
ci!c, but the involved companies regard it as a 
commodity. For instance, Paul Nagy lists it as 
an important piece of OSS for medical digital-
imaging systems.14
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Open Data Ecosystem4 Johan Lin̊aker and Per Runeson

Fig. 1. Overview of the proposed governance model adapted from Nakakoji et al. [16].

a close connection with the platform provider, who also may be referred to as
a keystone if it has similar symbiotic intents. Niche players are actors focused
more on a specific niche of the market, or use-case, and is primarily a user of
the resources provided by the ecosystem [7].
For OSS ecosystems, the platform provider can be the owner of the OSS

project, usually either a software vendor or the ecosystem of actors directly or
via a proxy organization (e.g., a foundation) [18]. Governance, however, does not
have to be aligned with the ownership. In more autocratic ecosystems, it can be
centered around a vendor or individual, while more democratic ecosystems it is
distributed [5]. In the latter case, control of the OSS project is usually maintained
by a central group of actors who have gained a level of influence by proving merit,
building trust, and social capital through contributions to the OSS project.

2.3 Governance Model for Open Government Data Ecosystems

A popular way of illustrating the governance structure of an OSS ecosystem
is the Onion model [16], where the center is those in control (see Fig. 1). The
closest layers may be those who contribute actively to the project and thereby
maintain an influence although not in direct control. For each outer layer, actors
become less active in terms of contributions and thereby decrease in influence
on the OSS project. Robles et al. [19] recently applied the model in a case study
on the X-Road OSS project, an originally Estonian eGovernment project for
creating a data-sharing infrastructure, which now is governed jointly by Esto-
nian and Finnish government agencies. The project is centrally controlled, and
contributions are primarily made by companies on behalf of, and paid by, the
government agencies.
For OGD ecosystems, we consider the core to be occupied by the platform

provider (see Fig. 1), which is either the government entity (or entities in collab-
oration) which provide OGD via a software platform where APIs and supporting
tools, frameworks, and example applications are available as OSS. Depending on
the specific ecosystem structure a number of layers follow. In layers closest to
the core are the Keystone members including actors that are of special impor-
tance to the platform provider and the overall health of the ecosystem [9]. In the
following layer, Passive members of similar roles may be found although these
are more focused on addressing their specific niche or use-case. In the last and

Collaboration in Open Government Data
Ecosystems: Open Cross-sector Sharing and

Co-development of Data and Software

Johan Lin̊aker1 and Per Runeson1
Lund University, Ole Römers väg 3, Lund, Sweden

{johan.linaker,per.runeson}@cs.lth.se

Abstract. Background : Open innovation highlights the potential ben-

efits of external collaboration and knowledge-sharing, often exemplified

through Open Source Software (OSS). The public sector has thus far

mainly focused on the sharing of Open Government Data (OGD), often

with a supply-driven approach with limited feedback-loops. We hypoth-

esize that public sector organizations can extend the open innovation

benefits by also creating platforms, where OGD, related OSS, and open

standards are collaboratively developed and shared. Objective: The ob-

jective of this study is to explore how public sector organizations in

the role of platform providers facilitate such collaboration in the form

of OGD ecosystems and how the ecosystem’s governance may be struc-

tured to support the collaboration. Method : We conduct an exploratory

multiple-case study of two such ecosystems, focused on OGD related

to the Swedish labor market and public transport sector, respectively.

Data is gathered through interviews, document studies, and prolonged

engagement at one of the platform providers. Results: The study presents

governance structure and collaboration practices of the two ecosystems

and discusses how these contribute to the platform providers’ goals. The

case studies highlight the need for platform providers to take an active

and multi-functional role in enabling the sharing of data and software

from and between the members of the ecosystem. Conclusions: We con-

clude that OGD ecosystems o↵er public sector organizations a possibility

to catalyze the potential innovation output of OGD, but that it requires

investment and adoption of an open and collaborative mindset.Keywords: Open Government Data · Open Source Software · Open

Standard · Ecosystem · Public Sector.

1 Introduction
Open Innovation has been widely adopted among software companies through

the use of Open Source Software (OSS) as a means to share costs and accelerate

innovation [14]. In the public sector, however, the focus has been more on sharing

of Open Government Data (OGD) as a way to drive innovation [2] and less on

OSS [3]. To catalyze the potential innovation output [2], data providers and

data users may form a business ecosystem around the OGD [25]. Actors within
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Initial recommendations 
for data ecosystems
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Value
• There must be a business value in the data or 

the collaboration
Intrinsics
• Consider data type, standardize format and 

establish legal framework
Governance
• Define level of openness and platform ownership
Evolution
• Advance business models and tool support



ODE F0. Type 

[G1. Value]

[G3. Governance]

F3. Acquisition

F4. Relationship

F5. Competition

F6. Quality

F8. Legal

F7. Maturity

[standardization]

[transparency]

[privacy]
[liability]

F1. Value of data

F2. Value of collaboration

[public-driven]
[business-driven]
[community-driven]

Enders
coreness
currentness
granularity
+degree of processing

Naka-
koji

platform provider
keystone members
passive members
end users

[meta-data]
[domain model]

Dal 
Bianco

organization-centric
consortium-based
community-based 

Coyle
closed
shared
open

[licenses]

[G2. Intrinsics]

[G4. Evolution]

[degree of 
openess]

[co-opetition]

[platform 
ownership]

[business driven]

[knowledge]

Ches-
brough

external/
internal
pecuniary/
non-pecuniary

[business models]
[tool support]

Open Data Ecosystems – an empirical investigation into an emerging industry collaboration concept



Threats and opportunities for automotive

Threats
• Other actors (big five) dominate
• Data costs increase
• Leaking innovation

• No – it is business, law, 
management, policy…

Is this engineering?

Opportunities
• Take lead for mobility data
• Sharing commodity data costs
• Speeding up innovation

• Yes – it enables data-driven 
engineering



Summary of open source and data

• Data more influencial for 
features (Machine learning, 
autonomy)

• Open source platform
collects and aggregates
data 

• Ecosystem of collaboration

Open
source 

features

Open
data
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