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Abstract. Software and systems development in industry typically focus on con-
structing high-quality products by using traditional or agile software processes
and applying established tools and methods. Most projects have to handle more or
less stable requirements but usually build on a proven architecture. On the other
hand, research projects typically aim at investigating new ideas, facing promising
research directions, showing feasibility of novel approaches or building proto-
types for demonstration purposes. Obviously there seems to be a big gap between
industrial projects and research projects. Anyway — after a period of research —
there is the need to enable the transition from prototype to real products, compa-
rable to industrial developed software products. The main challenge is bridging
the gap between research prototypes and industry products, typically out of scope
of a research project. As we have to handle these challenges in a long-running re-
search project, this paper aims at identifying risks, challenges and candidate solu-
tions to identify how to bridge the gap from research to industry. Main result of
this paper is an adapted software engineering process that has been initially
evaluated in context of our research project.

Keywords: Software Development Processes, Research Projects, Industry
Product, Prototyping.

1 Introduction

Typical industry projects follow defined software engineering processes [16], e.g.,
traditional and/or agile development approaches, using well-defined methods and
tools [1][6] covering important steps of the software development project, e.g., re-
quirements elicitation, architecture definition, code construction, testing, and deli-
very/deployment of new and updated software products. Based on standardized
software processes, process tailoring approaches support the application and adaption
of software processes (out of the box) to a specific organizational or project context
[5]. Based on adapted processes, methods, and tools companies typically implement
and use well-established approaches within an organization, following a common
goal: i.e., delivering high-quality (software) products to customers at an optimum
cost/benefit ratio for all involved stakeholders.
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On the other hand, research projects typically focus on different topics and differ-
ent goals, e.g., investigating new ideas or facing promising research directions. Based
on several stakeholders, e.g., funding organizations, principal and application industry
partners, researchers, and developers, various and partly conflicting interests and
goals are observable. Unclear, unstable, and frequent changing requirements are
additional challenges to be addressed within a research project: new ideas come up
frequent and can result in fundamental changes of the solution concept and — as a
consequence — of the prototype solutions. However, typical outcomes of research
projects are concepts, feasibility studies of novel approaches, and prototype applica-
tions for demonstration purposes. An important issue focuses on the empirical evalua-
tion of concepts and research prototypes [3], i.e. demonstrating that the solution work
like expected. In contrast to industry projects and products, research projects and
prototypes typically have strong limitations regarding application capabilities in in-
dustry, and, thus, require appropriate processes, methods, and tools to transfer proto-
type solutions to industrial products. Based on these basic differences, we derived an
important research questions:

How can we bridge the gap between (a) research projects and industry projects and
(b) research project prototypes and industry products?

In this paper we report on challenges and candidate solutions based on experiences
from our research project, i.e., CDL-Flex', a seven-year research project, started in
2010. The main objective of the project is to support engineers in large-scale
engineering projects to (a) better collaborate and exchange data between different
disciplines and (b) to improve the engineering process [4]. The project focuses on the
automation systems domain (e.g., hydro power plants and steel mills) where engineers
coming from various disciplines, e.g., the mechanical, electrical, and software do-
main, have to collaborate and exchange data efficiently. Efficient data exchange is a
pre-condition for change management [18], even if different disciplines are involved.
Please see Section 3 for a more detailed description of the research project. After
three years of research, our industry partners claim to apply selected use cases in (his)
industry environment. Nevertheless, the outcome of the research project is still classi-
fied as a (research) prototype. Thus, we need some mechanisms to transfer the proto-
type use cases to an industry product. In this paper we address these challenges (over
time) and present a candidate solution for a software development process to support
the transfer from research results to industry solutions, and report on findings and
lessons learned after a three year period of our research project.

The remainder of this paper is structured as follows. Section 2 presents some re-
lated work in context of software development processes. Section 3 introduces to the
CDL-Flex research project in more detail. We highlight research challenges in section
4 and present our candidate solution and first results in section 5. Finally, section 6
concludes and identifies future work.

! CDL-Flex: Christian Doppler Laboratory ,,Software Engineering Integration for Flexible
Automation Systems”, http://cdl.ifs.tuwien.ac.at
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2 Related Work

This section summarizes related work on engineering processes in Section 2.1, me-
thods and tools in Section 2.2, and product/process maturity levels in Section 2.3.

2.1  Software Engineering Processes

Research projects typically focus on an experimental development of new process,
methods, and tools to gain knowledge in defined areas by using scientific methods
[2]. Nevertheless, it has to be shown that concepts, derived from research activities
work in a defined context. Thus, candidate outcomes of research in software engineer-
ing result in creating software solutions and prototypes focusing on defined purposes.
Based on the nature of research projects, i.e., handling (a) highly instable require-
ments and (b) instable architecture approaches, the flexibility of engineering
processes is a key requirement for research projects. Thus, an important question is
which software processes are flexible enough to enable the construction of prototypes
and products in context of research projects and — after successfully evaluating these
prototypes — which processes aims at bridging the gap between research visions, pro-
totype products, and industry products. In industry, several software process ap-
proaches, either traditional or more flexible (agile) process approaches are available
for constructing industry products [16]. Among others, the Rational Unified Process
[8] or V-Model XT [14] are candidates for application in research projects. Neverthe-
less, the structure of these processes and the pre-condition of more or less stable re-
quirements might hinder successful application in research projects, where concepts,
architecture, and implementation may change frequently. Agile processes, e.g., Scrum
[15] or eXtreme programming, seem to fit well to research projects as they focus on
user interaction and flexibility and support fast feedback-loops of individual stake-
holders. Nevertheless, a stable baseline of tools, methods, and development environ-
ments is a pre-condition for software development. Unfortunately (early) research
projects do not provide this kind of stable baseline. More current approaches, e.g.,
Lean Development or Kanban [9] can also provide an organizational framework for
software construction — nevertheless, similar critics apply for research project applica-
tion — there must be something stable to build on.
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From the authors’ perspective, research projects also include creative work to find
new and promising solutions — similar to game development domain [10]. Thus,
processes derived from game development are promising candidates for application in
research projects. In Musil et al. we introduced a modified agile process approach
based on Scrum including (1) pre-production, (2) vision, (3) product development,
and (4) validation loops [10]. Figure 1 presents an overview of this adapted software
engineering process:

(1) Pre-Production Loop. Goal is (a) identifying candidate use cases (e.g., during
workshops with industry partners and researchers) based on visions and current
needs and (b) cost-value considerations [3] for selecting most valuable use cases.

(2) The Vision Loop focuses on the product backlog maintaining product vision and
changes from industry partner/researcher feedback.

(3) The Sprint enables developers in constructing and evolving the use case accord-
ing to product and sprint backlogs.

(4) Finally, the main goal of Validation Loops include (a) use case verification and
validation, (b) in-depth industry partner/researcher feedback, and (c) stimulation
of new ideas and visions as a baseline for updating backlog for next iterations.

Based on our previous work [10] the extended Scrum process approach seems to be
the most promising approach for handling research projects. Nevertheless, this
process does not specify the exit/transition point from prototypes to industry products.

2.2  Methods and Tools

In industry projects methods and tools represent the foundation for product develop-
ment. Basically, constructive methods and tools support engineers in building soft-
ware documents (e.g., model-based or test-driven) while analytical approaches
support defect detection, verification, and validation (e.g., reviews, inspection, and
testing). Typically standardized methods and tools are available organization-wide in
repositories for selecting and reusing them within the organization. In research
projects, where several stakeholders collaborate (maybe in different research organi-
zations), every researcher is using his/her own toolbox, which fits best to the individ-
ual requirements or individual preferences. Thus, there is a large base of different
tools in a heterogeneous research landscape. While this approach might be suitable for
research prototypes, where a small subset features are in the scope of research, this
heterogeneity hinders efficient product development in industry. As a consequence an
agreement on the most relevant methods and tools has to be established to support the
transition from research prototypes to industry products.

2.3  Prototype and Product Maturity

A main issue of prototypes and products focus on the maturity of deliverables. Matur-
ity levels are well-known in context of processes based on CMMI [7] or ISO 15504
(SPICE) [17] to estimate the capability levels of individual processes and the maturity
of products and/or organization. Nevertheless in context of prototypes and products
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maturity levels are typically based on verification and validation results (e.g., results
from test runs and acceptance tests). However, maturity levels based on the quality of
prototypes and products seem to be a reasonable approach to assess individual work
products, i.e., prototypes or products.

To support the transition from research prototypes to industry projects we see the
need to introduce (a) defined software engineering process approaches, enabling flex-
ible handling of requirements and stakeholder needs, (b) defined sets of methods and
tools for application in research projects as well as industry projects, and (c) assess-
ment approaches of prototype/product maturity levels with respect to apply the solu-
tion in an industry context.

3 The CDL-Flex Research Project

This section introduces to the CDL-Flex research project including the basic goals of
the project, addressed research areas, and involved stakeholders.

3.1 Project Goals

Engineering projects in the automation systems domain, e.g., hydro power plants and
manufacturing systems, depend on the knowledge of experts from a wide range of
different disciplines and domains, e.g., mechanical, electrical and software engineer-
ing [12]. Individual knowledge is embodied in a heterogeneous set of domain-specific
tools and data models. Weakly integrated tools and data models hinder efficient colla-
boration and data exchange between disciplines [4]. Main goal of the project is to
support engineers and managers in large-scale engineering projects to overcome this
technical gap between individual tools and the semantic gap of individual data models
to better collaborate and exchange data in heterogeneous engineering environments.
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Based on the technical and semantic foundation, added-value components support
end users and project managers in applying specific use cases in context of engineer-
ing projects in a heterogeneous environment. Figure 2 presents the application level-
concept of the project with focus on three different research areas:

(1) Technical Integration of Tools represents the technical foundation to enable indi-
vidual tools interacting with each other. For instance, a change request by the
electrical engineer will be propagated across a middleware platform (i.e., the Au-
tomation Service Bus, ASB) to other affected engineers. See Winkler et al. for a
more detailed description of this basic change management process [18].

(2) Semantic Integration of Data Models. Semantic heterogeneity of data models,
caused by individual tools, hinders efficient data exchange. Note that the circles
in Figure 2 represent discipline-specific data models. Common concepts, i.e.,
overlapping areas, are the foundation for mapping data models to each other. See
Moser et al. for a more detailed description the common concept approach [13].

(3) Added Value Application. The technical and semantic integration of tools and
data models enables added-value components, e.g., change management across
domain and tool borders [18], project observation and control as well as compre-
hensive data analysis with the Engineering Cockpit [12], or efficient navigation
between different tools, which are typically not connected to each other [11].

Note that these applications have been built as research prototypes (proof-of-concept)
to show the feasibility of the underlying architecture (technical and semantic integra-
tion) and to enable added-value components for research and industry partners.

3.2  Project Stakeholders

Research projects typically involve a set of different stakeholders who have to colla-
borate to achieve defined (but different) goals, for instance:

e  Project Sponsors, e.g., public agencies, typically focus on basic research, drive
research goals forward, and enable good publications in the field(s) of research.

e  Principal Industry Partners contribute with resources, e.g., additional funding,
knowledge in the application domain, and customer contacts. Added values are
the permission to use research results in their own business area as a product or
as input for consulting activities after project completion.

e Additional industry partners who support researchers with real-world use cases,
business domain knowledge, and test data. Main interest is getting challenges
solved for application in their own business domain.

e  Researchers in addressed areas focus on research challenges and publication in
related communities.

e  Open Source Community (OSS). Parts of the middleware platform are available
as open source contribution” with the goal to make research findings public and
usable within the OSS community. Note that there are ongoing plans for publica-
tion under Apache license.

2 Open Engineering Service Bus (OpenEngSB): http: //www.openengsb.org/
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e Developers. Based on the project setting, we introduced two main development
groups, i.e., an open source development team and an industry development team
responsible for (principal) industry partner related use cases.

e Power-Users are application domain experts, who provide (a) domain knowledge
and (b) feedback to early prototypes, and (c) support researchers in finding most
valuable use cases based on industry needs for future research (research vision).

e  End-Users should work with the application, i.e., the product, in daily business.
Note that end-users typically require stable and working software products.

These basic groups of stakeholders have been introduced quite early in the project to
enable effective and efficient prototype development, as required by research con-
tracts. After three years of research and prototype building new roles, e.g., product
management and quality assurance teams (QA team) have been established.

4 Research Challenges and Questions

Based on the related work and research/industry best practices we identified two main
research challenges in context of the research project:

RQI. How can we bridge the gap between research projects and industry projects?
While systematic and established processes, methods, and tools are available in indus-
try context, research projects have to be more flexible (e.g., changing architecture and
requirements). Thus, a main challenge is to find a well-defined process to handle re-
search and industry projects to support prototypes and products development.

RQ2. How can we transfer research project prototypes to industry projects?
Research prototypes typically include strong limitations for industry application re-
garding stability, performance, and user acceptance. Thus, this question focuses on a
classification and/or assessment for prototypes/products evaluation.

5 Solution Approach, Results, and Lessons Learned

This section summarizes the CDL-Flex solution approach, initial results, and presents
lessons learned after three year of research and prototype construction.

5.1 Prototype and Product Maturity

A first step towards a successful transfer from research prototypes to industry projects
is identifying maturity steps (levels) in prototypes and products. Nevertheless, the
contribution and the ‘“quality” of basic research (i.e., prototype development) and
industry product development vary over time. Figure 3 presents the five basic maturi-
ty levels (or steps of development), implemented in the CDL-Flex research project:

e Level 1 — Research Vision. This development step includes creative processes,
brainstorming, and workshops with industry partners to get ideas, visions and
current needs of industry partners to be addressed in the research project.

e Level 2 — Research Concept. Based on initial ideas and visions basic concepts
(concrete use cases including test data and test cases) are developed — mainly by
researchers. Feedback cycles on the concepts enable early validation of the ideas
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and visions and ensure that concepts meet individual requirements of industry
partners. These prototypes are mocked (i.e., demos without real functional beha-
vior) to simulate the expected behavior based on the initial concepts. Main goal is
to receive feedback, e.g., on the user interface and the planned behavior.
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Fig. 3. Maturity Levels in Research/Industry Projects

e Level 3 — Research Prototypes include real functional behavior based on the re-
search concept and industry partner feedback. An initial research prototype is
based on agreed use cases, test cases, and test data to show the feasibility of the
solution. Although basic quality assurance activities have been applied, these pro-
totypes focus on providing the basic functionality with strong limitations to
stability, robustness, usability, and fault tolerance.

e Level 4 — Quality-Assured Prototype. To enable more stable, robust and fault
tolerant systems, additional implementation effort and extended quality assurance
approaches, e.g., integration and acceptance testing, are required. Typically, these
tasks are out of scope of researchers (who want to show the feasibility of the con-
cept) and have to be executed by other stakeholders, i.e., industry development
and quality assurance teams. Note that both teams usually have to be paid.

e Level 5 — Industry Product. The final maturity step focuses on real industry prod-
ucts where industry-related methods for development and quality assurance
apply. In our project industry products are typically developed by our principal
industry partner, supported by the industry development team at the CDL-Flex.

Note, that the impact of basic research contributions decreases over time and impact
of industry contributions increases (see Figure 3). The most interesting part is the
transition phase, involving (early) research prototypes (level 3, quality-assured proto-
types (level 4), and — finally — industry products (level 5).

5.2 Software Development Process

To support individual requirements, derived from individual prototype/maturity le-
vels, we applied the extended Scrum process model (see Figure 1) to the individual
development steps (maturity levels) and highlight main contributions of involved
stakeholders. Figure 4 presents the proposed extended process approach to enable
prototype and product development and the transition between prototypes and prod-
ucts. Basically, researchers, industry partners, and power users derive a set of research
vision use cases during workshops and discussions (1; “Pre-Production Loop”). Based
on selected use cases researcher develop concepts and implement initial (mockup)
prototypes for discussion and feedback (2; “Vision loop”). Note that these initial
research prototypes are typically developed by students during their university work
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(e.g., diploma thesis or internships). Thus, the quality of the prototypes varies and the
prototypes are not usable in industry context. Nevertheless, main results of this step
are (a) prototypes for feasibility studies and (b) sets of more concrete requirements
and features for research prototype implementation.
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Fig. 4. Proposed Development Process

Based on these more or less stable requirements (derived from the vision loop) re-
search prototypes (3) are developed by student developers. Additional feedback
cycles (supported by industry partners, power users, and researchers) enable the im-
provement of research prototypes (“Validation Loop”). Nevertheless, these type of
prototypes lack in robustness, stability, and fault tolerance because the goal is to show
the feasibility of the prototype on functional level. To enable application in industry
context, more stable and robust prototypes are necessary (4; “quality assured proto-
types”). Thus, we nominate product owners, industry development and quality assur-
ance teams for individual use cases and/or industry partners. Note that team members
are responsible for the quality-assured prototype and are recruited as professionals.
After a successful pilot application the quality assured prototype will be transferred to
our principal industry partner, who is responsible for the product and have to integrate
the solution in his product portfolio.

5.3 Software Engineering Environment

In early phases of prototype development, researchers apply methods and tools which
seem to fit best to the requirements and individual preferences. Nevertheless, when
starting implementing a research prototype a more stable development environment is
necessary. Main artifacts and tools in context of our project are:

e Use Cases. Use cases represent the most important artifacts in context of the re-

search project, i.e., (a) vision use cases that represent rough ideas and (b) concrete



Research Prototypes versus Products 57

use cases for prototype implementation. Typically use cases are high-level goals
(from the perspective of industry partners) which have to be split into several fea-
tures, represented in backlogs assigned to different maturity levels. Note that a use
case includes a brief description, real-world data sets for testing purposes, and suc-
cess criteria for industry partner acceptance. We use Confluence’, a collaboration
tool, for managing use case and related engineering documents.

e  Features, Issues, Bugs. We use Jira*, a project tracking software, to manage indi-
vidual aspects of the use case, e.g., user stories, issues and bugs. Note that all use
case related information are linked from use case descriptions (provided in Con-
fluence) to individual issues (provided in Jira) and individual developers.

e Jenkins. To support continuous integration and test processes, we applied Jen-
kins®, an open source server to monitor and control the project progress including
quality assurance checks with respect to quality-assured prototypes, e.g., by im-
plementing Checkstyle® and CodeCover’.

e Testing of Prototypes/Products. Beyond developer testing based on unit tests, we
implemented acceptance tests for features and use cases. Acceptance tests, main-
tained by the QA team, are used to (a) establish an early and common under-
standing of the use case and (b) to enable automation-supported testing of
implemented research prototypes. Based on the maturity of prototypes/products,
we applied manual tests during research prototype development and automation
supported tests with Selenium® at the level 4 (“quality-assured prototypes™) latest.
This quality assurance strategy enables us in (a) separating individual maturity
levels and (b) fast feedback in case of changes.

Table 1. Lessons Learned and Key Findings
Research Quality Assured
Vision Concept Prototype Prototype Industry Product
Outcome Research Reserach Concept  Use Case / Features Use Case / Features Use Case / Features
Vision Mock-Up Functional Prototype: robust, Industry product
Prototype Prototype stable, and fault
Proof of Concept tolerant
Feasibility Study
Maturity Level n/a low low medium high
QA informal systematic feedback test case definition automated tests According to
approaches feedback test case definition manual tests QA metrics engineering process
Users Researcher Researcher Researcher Industry Partners Industry Partners
Developers Developers Power Users Power Users
Power Users End Users End Users
Evaluation informal interviews and basic tests Automated tests Automated tests
discussion feedback QA metrics QA metrics
Acceptance Tests Acceptance Tests
Cost/Value Estimation of Expected benefits ~ Basic measurement Comparative Comparative
evaluation experts and based on state of the results from pilot  evaluations in real evaluations in real world
researchers. practice (Experts)  applications, world settings (pilot  settings (pilot

3 Atlassian Confluence: http://www.atlassian.com/en/software/confluence

* Atlassian Jira: http://www.atlassian.com/software/jira/overview

5 Jenkins: www . jenkins-ci.org

6 Checkstyle: www . checkstyle.sourceforge.net

7 Codecover: http://codecover.org/

8

Selenium: http://docs.seleniumhg.org/
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5.4  Lessons Learned

After three years of research and observing/analyzing engineering processes, we iden-
tified a set of challenges, risks, and candidate solutions for prototype and product
development, which can be addressed by (a) flexible software development processes,
based on an extended Scrum process (Section 5.2), (b) a set of tools within the devel-
opment environment (Section 5.3), and (c) a five-level maturity concept to estimate
and asses the maturity of development steps and deliverables. Table 1 presents a brief
summary of our key observation and practices applicable in every development step
of a single use case. Note that we also include the level of quality assurance, involved
stakeholders/users, candidate prototype/product evaluation approaches, and cost/value
considerations from industry partner perspective.

6 Conclusion and Future Work

In this paper we reported on our experiences from three years of research work of a
seven year research project. The main challenge was to bridge the gap between re-
search prototypes, typically constructed based on visions and research ideas, and in-
dustry prototypes, usable in industry context. Based on different requirements and
involved stakeholders there is a need for (a) engineering processes that support re-
search projects and industry projects (RI 1) and (b) a maturity concept that enables an
efficient classification of deliverables to support a smooth transfer from research pro-
totypes to industry products (RI 2).

Lessons learned from previous process improvement initiatives in creative applica-
tion domains, e.g., game development, can help addressing visions and instable re-
quirements as well as an instable architecture. Figure 4 presented the application of an
adapted Scrum process approach [10] in context of research projects. In addition we
learned that different method approaches apply in different stages of use case devel-
opment. Table 1 presented the most important findings derived from project observa-
tions. Another important finding was the involvement of different stakeholders,
especially in the development process where students can work on individual use case
in a defined scope. If research prototypes evolve towards quality-assured research
prototypes for pilot applications and industrial products (i.e., an increasing maturity
level), professionals are required to enable the construction of high-quality prototypes
and/or products. Based on our experience, we believe that the proposed engineering
process and the suggested maturity levels can help in better addressing the need of
individual expectations coming from research and industry to bridge the gap between
research and industry project and research prototypes and industry products.

Future work includes a more detailed evaluation (i.e., a case study) of the purposed
process approach to (a) get a more detailed view on the effects of the process and (b)
to continue improving the proposed engineering process. In addition we have to eva-
luate the defined tool-set with respect to applicability in research and industry context
in the next phase of our research project.
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