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2 Summary of research proposal

Symbiosis means the intimate living together of two dissimilar organisms in a mu-
tually beneficial relationship, or a cooperative relationship. IT-outsourcing and off-
shoring is momentarily far from a symbiosis. This proposal is meant to understand
how sourcing can become true symbiosis between the involved parties, hence the name
of our proposal.

The importance of IT-outsourcing increased significantly the past few years. The
last decade this sub-industry grew 20% annually reaching 6 billion Euro in 2004. Re-
cently, offshoring (outsourcing to low-wage-countries) is gaining importance, as well.
The goal of Symbiosis is to improve the maturity of IT-outsourcing and offshoring.
Alignment between business and IT must be much more clear-cut than before, so that
sourcing is a successful strategy to an effective and efficient IT-function. Moreover,
Symbiosis increases our understanding whether outsourcing is technically feasible,
economically justifiable, and societally acceptable.

Symbiosis involves a large multi-client longitudinal study where experience with
sourcing in-vivo is investigated. Symbiosis focuses on the software engineering as-
pects of IT-outsourcing and offshoring. Application development, its maintenance and
exploitation will be studied along three important software engineering axes: software
product, process and management. Symbiosis will develop predictive, qualitative and
quantitative models to help turning outsourcing and offshoring into a success. Some
important questions that Symbiosis will answer during the multi-client study:



Management Which factors determine the overhead of outsourcing software devel-
opment/maintenance/exploitation? How can these costs be reduced? Which new met-
rics are needed in contracts, e.g., to measure promised productivity and quality in-
creases, and cost, duration decreases? Is there an early-warning system to forecast po-
tential problems with budget and time overruns, and solution under-delivery? Which
software engineering aspects (unambiguous specifications, software quality, testing
coverage, etc.) are needed to minimize conflicts and litigation risks?

Process Which knowledge about software systems and their architecture has to be
shared between outsourcer and the service provider so that development/maintenance/
exploitation can be done properly? Think of requirements, the architecture, tests, main-
tenance history, and in which form they are helpful. How is the process of acceptance
organized? Think of product acceptance, change requests, etc.

Product How is the source code organized and how complex is its structure? Do we
have to reduce its complexity before outsourcing? Which and how do coding standards
affect sourcing-success?

Outsourcing is relatively well investigated in management and information system
sciences, but not in the field of software engineering. Symbiosis is a step towards
sourcing research from a software engineering viewpoint.

3 Classification

The current proposal can be classified within the theme Alignment of business pro-
cesses and the supporting software systems. However, the proposal has also clear rela-
tionships with the other three themes.

4 Composition of the research team

4.1 Component A: Jacquard researchers

The project involves two PhD students (OIO’s in dutch) and two Post Docs, the
third column refers to the work packages that will be described below.

UvA/HvA Post Doc Business aspects of outsourcing
UvA/HvA OIO Outsourcing models
VU Post Doc Quantitative aspects of outsourcing
VU OIO Operational aspects of outsourcing
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4.2 Component B: Academic researchers

UvA Prof. dr. J.A. (Jan) Bergstra Full professor
UvA dr. A. Ponse UHD
HvA dr. G.P.A.J. (Guus) Delen Assoc. professor, 0.2 FTE
VU dr. A.S. (Steven) Klusener UD
VU Prof. dr. C. (Chris) Verhoef Full professor

4.3 Component C: Industrial participants

Symbiosis will use results from a longitudinal multi-client study. The research
team carefully picked a balanced set of significant partners outsourcing organizations
both small and large measured in the number of outsourcing deals. Also IT-service
providers, both nearshore and offshore, are participating in Symbiosis, to ensure that
the Symbiosis-researchers can investigate outsourcing progress from concept to oper-
ational reality, from exit-procedure to second sourcing. Furthermore, IT-mediators are
represented in Symbiosis, since they have long-standing experience with the realities of
sourcing, and they will transfer Symbiosis-results to everyday practice. What follows
is the latest update of our list of participants, but since our announcements via various
channels to the industry, we are contacted approximately every week by organizations
requesting to join Symbiosis. So we expect this list to grow during the project.

IT-outsourcing and offshoring organizations: the outsourcers
City of Den Hague Krijn Graaf
Fuji Film Joop Kempe
ING Bank Edwin Jaspers
Ministry of OCW/CFi Cees van Harte
Nederl. Bur. v. Toerisme en Congressen (NBTC) Bert Heskes
Rijkswaterstaat Hans Blokpoel
ROC-consortium Ludo Cuijpers
UWV Dik Geelen
VGZ-IZA Jo Knippenberg

IT-integrators and offshoring organizations: the service providers
AtosOrigin Roel de Graaf
CapGemini Prof. dr. Daan Rijsenbrij
Getronics PinkRoccade Alain Leloux
Cognizant Technology Solutions Arie Edens
HCL Jeroen van Rooden
LogicaCMG Cees Derksen
Ordina Joost Pigmans
Tata/TCS Vidhya Sampath
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IT-advisory and IT-mediating organizations: the mediators
ICTU Siep Eilander
PA Consulting Rajan Dhar
Verdonck, Klooster & Associates (VKA) Wim Schimmel
Quint Wellington Redwood Marcel Blommestijn

5 Research School

The research will be done in the context of the IPA research school, IPA stands for
Institute for Programming and Algorithms.

6 Description of the proposed research

6.1 A classification of issues of software outsourcing

Outsourcing of software is a relatively new phenomenon. Many recent examples
of IT-sourcing involve different aspects: from outsourcing the IT-infrastructure plus
exploitation services, to application development plus maintenance. This requires a
well-organized sourcing-aware software process where roles, responsibilities, and ac-
countability need special attention. Early experience (from contacts with a number
of the participating organizations) shows that IT-professionals topping CMM 4 and 5
levels display a maturity mismatch with most of their clients (who are almost always
CMM level 1). So the idea that CMM 5 organizations will resolve all the IT-problems
is too simplistic. The complexity of the situation and our experience show that high
CMM levels are not the solution.

In order to classify the many questions that come with software outsourcing we
identified two different dimensions. On one axis we identify the three levels of con-
cern, software management, software process and software product. With software
product we mean all issues that are related to the actual software application itself, so
its source code, requirements, documentation, test-sets, etc. On the other axis the three
phases in outsourcing are represented. Initially an organization has to decide which
applications have to be outsourced, which sourceable units are appropriate, and which
service provider to select. The decision phase consists of several sub-phases as can
be seen in Figure 1. In the transition phase the sourceable units, are transfered to the
service provider, including all source code, documentation, etc. After transition the
actual outsourcing commences and the customer needs to control the service provider.
A contract lasts typically five to seven years, after which continuation-sourcing ensues.
This can be the same vendor, another vendor, or back-sourcing to the system-owner.
Obviously, this involves a separate decision process, and potential transition applica-
tion of software and accompanying knowledge from the current to the future services
provider.

In Table 1 it is shown how this classification refers to the four work packages of
Symbiosis that will be described later on.
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decision transition control
software management WP1, WP2, WP3 WP1 WP1, WP2, WP3
software process WP2, WP3, WP4 WP4 WP2, WP3, WP4
software product WP3, WP4 WP4 WP3, WP4

Table 1: The two dimensions of software outsourcing

6.2 Research questions and expected results

Symbiosis covers four different areas, each in a separate work package. Each work
package is assigned to a Symbiosis-researcher. The following research questions play
a role:

1. Business aspects of outsourcing. How can we determine the core competences
of an organization, and what are the competences that can be outsourced? What
are the transaction costs of outsourcing, e.g. what are the costs and risks in-
volved? What is the appropriate size of sourceable units, from a marketable
point of view?

2. Outsourcing models. How to determine the best goal of outsourcing and which
strategy is then needed, e.g., cost-leadership, operational excellence, enabling in-
novation, buying flexibility, etc? Which geographical sourcing-strategy is best?
Think of onshore, offshore, dual-shore near-shore, etc. What are the transac-
tion costs of each strategy? Which scientific models properly specify the (in-
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Figure 1: The decision phase and its subphases
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ter)actions, relations and costs between the various parties? Which diagrams
provide a simple yet complete and correct overview of such models? Which
mathematical formalisms allow convenient reasoning about such models?

3. Quantitative aspects of outsourcing. Which models determine the costs, ben-
efits, and risks of individual business cases from a pure quantitative point of
view? What benchmark models for important sourcing KPIs can we infer in the
multi-client study? What is their stability, predictive power, and generality?

4. Operational aspects of outsourcing. Which (tacit) knowledge about software
and infrastructure needs transfer for successful outsourcing? Similarly, in an
exit-procedure, from the current IT-service provider to the future one? Which
agreements about software delivery and its quality have to be made between the
various parties? Which standards and infrastructure are needed in order to for-
malize and maintain this knowledge and these agreements? What is the smallest
size of sourceable units, from a technical point of view?

The aim of Symbiosis is to develop knowledge in both qualitative and quantitative
terms that supports the interaction between the parties involved in a sourcing. Ex-
amples of quantitative aspects are transaction costs, operational cost savings, and risk
predictions. Qualitative examples are culture mismatches, handling change requests,
software maturity mismatches, the transition process, communication and alternative
software development processes. The scope of Symbiosis encompasses onshore as
well as offshore sourcing and systems development as well as systems management,
but remains limited to sourcing issues from the Netherlands.

6.3 Large multi-client study

Symbiosis is organized as a large multi-client study. As is described in Section 4.3
a large number of outsourcing organizations and service providers will provide the data
of their outsourcing projects. This will give us the opportunity to study a large number
of outsourcing contracts from both perspectives, that we can follow numerous sourcing
deals, and that we can determine factors for failure and success including quantitative
predictive modeling.

At the start Symbiosis will explore the sourcing cases made available within the
multi-client study. Relevant data is collected, a format for quickly scanning deals is de-
veloped and best practices are identified, as well as an early-warning system for known
failing strategies. In the next years this will be continued for new cases and followups.
During the course of Symbiosis the participants will exchange their experiences, which
generates additional research questions. Also a comprehensive literature-scan of the
existing scientific literature is pursued [14], [13].

For a more detailed description of the research we refer to Section 7.2.

6.4 Outsourcing still requires software engineering research

IT-outsourcing has become extremely relevant for the IT-industry, but academia is
lagging behind, particularly the area of software engineering.
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Relevance for the industry. In the introduction we already have described the im-
mense growth of the IT-outsourcing industry. The relevance and interest in IT-outsourcing
is also reflected by the large number of industrial partners of Symbiosis.

Regarding publications, we see that magazines geared towards industry show a
flurry of articles on IT-outsourcing.

Outsourcing research within management or information systems science. Most
research in (IT-)outsourcing is currently done within economics, management sciences
and information systems. For example Sloan Management Review, a widely-read mag-
azine in the area of applied management sciences, has published 65 articles on out-
sourcing over the last years. Furthermore, there are outstanding text books like [21].

Dibbern et al. give a thorough survey and analysis of the outsourcing of information
systems in [14]. They discuss a large number of studies, that are based on reference the-
ories like management strategies, economics and social/organizational sciences. Typ-
ical software engineering aspects are not covered explicitly by these studies. In order
to make a notion like transaction costs ([14], page 28, Market Failure) more explicit,
features like size, complexity or tacit knowledge of the underlying software systems
need more exploration.

Outsourcing research non-existing within software engineering Although out-
sourcing requires novel approaches for software management, software process and
software product, outsourcing seems non-existing in software engineering and Com-
puter Science. For example, of the 3628 IEEE conferences from 1998 until now not a
single one contains outsourcing in its title.

A similar picture arises when we go to Springer’s website, the publisher of the
Lecture Notes in Computer Science (LNCS). Currently there are almost 4.000 LNCS
books, not one having outsourcing in its title. All these LNCS books contain only 45
articles with outsourcing in the title or in the abstract, but inspection reveals that the
majority of these papers used outsourcing in contexts other than software engineering
aspects of outsourcing.

The scientific literature digital library Citeseer contains many documents by 660.000
authors. Still there are only 625 documents containing the word outsourcing, and there
are 285 citations to 207 of these documents. Most of these 625 documents discuss
“softer” issues like relationship models, cultural problems, etc. For comparison, the
most cited paper in theoretical computer science alone has already more citations: 291.
When we continue with Scirus (a comprehensive science-specific search engine), it
reports 163 articles in computer science journals about IT-outsourcing.

Symbiosis, start of outsourcing research within software engineering As there
is hardly any research known at the crossing of outsourcing and software engineering,
Symbiosis is thus a first step into the unknown, and a multi-client study is the ideal way
to gain experience and empirical data. We will aggregate our findings into fundamental
knowledge, best practices, and quantitative models. Symbiosis will therefore set the
scientific stage for software engineering aspects of outsourcing, which underlines the
scientific relevance of Symbiosis.
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State of the art of software engineering w.r.t. Outsourcing The current body of
knowledge of software engineering is summarized in the SWEBOK guide, an IEEE
document, see www.swebok.org. Of course software outsourcing covers all ten
fields such as software requirements, software design, etc. However, software out-
sourcing pushes the limits of these fields to the extremes. For example, the formal-
ization of requirements (i.e., avoiding any possibilities of differences of interpretation)
becomes much more important if the implementing organization does not have tacit
knowledge, which potentially induces a large amount of requirement errors and com-
munication overhead. Another example is that software engineering still does not have
methods to estimate the productivity (of software construction and maintenance) be-
forehand, which is typically required when setting up an outsourcing contract.

6.5 Industrial objectives

Predictive models for motivating outsourcing decisions The rise of the networked
society and progressive globalization force organizations to reconsider their core com-
petencies. Only those organizations that are able to identify their core competencies
and to outsource other processes to partners without losing control, make a chance to
survive global competition in the long run. For most organizations information provi-
sion is of crucial importance, but for many of them the development, maintenance and
management of IT-services is no core competence, with which they can distinguish
themselves from their competitors. These organizations can make decisive efficiency
gains and re-focus on their core competencies by IT-outsourcing, but on the other hand
the costs of failure of outsourcing deals is hardly ever calculated although they are
known to be gigantic. Not even to include the collateral damage to the reputation of
the outsourcer and the IT-branch. One outstanding reason for those failures is that so
far too little knowledge has been developed on the software engineering aspects of
IT-sourcing. The predictive models of Symbiosis should help all parties involved in IT-
sourcing to establish a sustainable symbiosis, where each party’s specific competences
optimize the total value.

An objective understanding of offshore developments A new phenomenon that
has captured the Netherlands by surprise, is offshore sourcing. Because cost savings
are such an important driver for outsourcing, multinationals have started relocating
their applications development and maintenance to low wage countries like India on
a huge scale. During the last five years a gigantic IT-services industry has come into
existence there, with the largest companies like Tata and Wipro already threatening
the position of current market leaders like IBM and EDS. ABN-AMRO has recently
contracted Indian parties for all its application development and maintenance, and the
top 20 Indian providers have already established bridgeheads in the Benelux. The rise
of offshore sourcing has two main effects: a threat to the IT-jobs in the Netherlands
and a severe pressure on the costs of IT-services. One of the deeper goals of Symbiosis
is to expose the facts behind these developments and in that way contribute to a more
objective discussion and policy making on those questions.
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Case study: outsourcing a large deployed software system. Here we discuss
an example case study as may be provided by one of the industrial partners. Our
example case study involves a large software system that has been developed
twenty years ago by a government organization. The system has undergone many
changes due to updated product/service requirements and changing legislations and
several migrations have been implemented because obsolete IT-infrastructure has
been replaced by a newer one. There is a large amount of functional and technical
documentation, however, it is unstructured and outdated. The software of the system
consists of more than 5.000 source files, divided over more than 14 file types, in total
about 1.500.000 lines of code. Currently about 20 staff members are maintaining the
system, only a few of them understand the system relatively good although some
parts of the system are even unfamiliar to these system experts. It typically takes
1 year before a new software engineer becomes reasonably acquainted with the
system. This is considered too expensive, and outsourcing is considered.

Preparing the outsourcing, extracting system knowledge, with the current state
of the art. In order to make the right decisions and to properly transfer the system
some basic facts have to be extracted. At the source code level this boils down, among
many other things, to extracting the dependency relations (call-relations, etc.) This
will give us too many dependencies, but using Relational Algebra, see [26], we can
develop certain filters to reduce this information to a feasible size. In these filters
essential system knowledge is encoded, such as which file types are related. Then
we have to add constitutional system knowledge, e.g, which source files are called
dynamically. Using programmer-tools to shape an overall picture of large systems,
such as directory structures and naming conventions we can detect certain clusters
that represent architectural patterns, such as layers. At the functional level we migrate
all existing documentation to a structured XML-based-format, and we relate these
documents to our recovered artifacts from the sources, directories, makefiles, and
more. Discrepancies between the as-designed and as-implemented architecture will
be revealed so that an outsourcer will know which information can still be trusted,
and which information needs an update.
Note that such an approach is far from standard in the IT-industry. The required
technology and expertise is available within the Symbiosis consortium, but needs
further exploration (WP4). Note also that in economical terms what we describe here
is nothing more than lowering the risks and the transaction costs by formalizing the
tacit knowledge.

Table 2: A typical Symbiosis case provided by a participant.

7 Description of the proposed plan of work

7.1 The involved research groups

We give some background information about the academic team. Dr Delen is an
experienced IT-advisor and has next to his decade-long experience with sourcing in
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Some questions that Symbiosis addresses The case in Table 2 treats some issues
typical to outsourcing deployed software systems. When maintenance of software is
outsourced, more than technical questions are to be answered:

• Decision How large and complex is the system (WP4), what are the current
costs of maintenance and what are the benchmarked costs for the coming years
(WP3)? Can it be handed over to another organization (WP1), or is there
a risk of failure because the system lacks adequate documentation and the
maintenance-knowledge depends on a single system expert(WP1)? What is
the appropriate Unit of Sourcing (WP2)? Should or can the system be divided
into subsystems that each can be outsourced separately (WP4)? Is the system
too intertwined with other systems, which should be outsourced simultaneously
(WP1/WP4)?

• Transition Do we have to improve the architecture and/or the source code
organization in order the enable the outsourcing, i.e., can it be understood and
maintained by a new team in its current form or not? In other words, is this
a risk factor (WP1) and if so how can we reduce it by restructuring it (WP4).
Which system knowledge is essential for understanding the system (WP4), and
how can this knowledge be recorded and transfered (WP1)?

• Control How do we specify the requirements of our change requests? Can we
use modern techniques such as UML in combination with a 20-year-old sys-
tem, or do we have to use natural language (WP4)? How do we take the domain
knowledge and system knowledge into account when formulating our require-
ments (WP1/WP4)? How do we organize the acceptance of change requests
(WP2)? Does the service provider deliver conform the agreed productivity
rates (WP3)?

These questions can be addressed to some extent with current knowledge, leading
to a partial and ad-hoc approach. Symbiosis develops an integral approach where
technology and methodology that support the decision, transfer and control phases of
application outsourcing more completely, coherently and standardized. The results
will be of academic interest, as the outsourcing viewpoint forces us to explore new
research areas and to cross many limits of research areas that may be considered
reasonably well established. At least as important is the industrial relevance. Within
the IT-industry much effort is currently being spent on these issues and there is a
strong need for scientific support.

Table 3: Questions within Symbiosis provided by some example case study

practice recently defended a PhD thesis on IT-sourcing [13], supervised by Bergstra
and Verhoef. In his PhD thesis, Delen identified ten factors influencing success or
failure of IT-sourcing. This explorative study was based on 18 extensive Dutch real-
world cases. His work builds on previous but less extensive studies [27, 36, 2]. Delen’s
work resulted in practical guidelines, and an indicative model to measure success or
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failure of a sourcing relationship. Symbiosis will expand this work significantly, so
that predictive models can be constructed. The notion of an atomic sourceable unit is
proposed [29], which relates technology to the realities of the business of outsourcing.
Symbiosis will look into the fundamentals of such unit, see work package 2.

Verhoef produced quantitative results on IT-outsourcing deals [34]. Since its pub-
lication in Science of Computer Programming, this paper is the most downloaded on
the publishers website. His related paper on IT-value [33] rates second and was re-
cently discussed by the Economist [20]. Both papers are key to make the business case
for outsourcing, an important success-factor according to Delen’s work. IT-service
providers, IT-mediators, and IT-customers on various continents use Verhoef’s early
results already in their outsourcing practice.

In [25] Klusener, Laemmel and Verhoef published an extensive and detailed ap-
proach on how software maintenance should be planned, organized and implemented.
This gives an indication of how this could be shaped in Symbiosis when more for-
mal parties are involved: a system owner, an application outsourcer, a maintenance
provider, and an exploitation facilitator. This paper discusses also the various tech-
nologies that are required for analyzing and transforming source code, which are par-
ticularly needed in the decision and transition phases of software outsourcing.

Key publications For completeness we give the following five key publications of
the research group: [13], [32], [34], [33] and [25].

7.2 A description of the four work packages

In 6.5 each work package has already been characterized by a number of research
questions. Below we describe the research that will be done in order to tackle these
questions. We discuss each work package along the logics of Symbiosis researchers.

Work package 1: Business aspects of outsourcing In this work package the PhD
research of Guus Delen will be taken as point of departure. The goal is to identify in
more detail what the risk factors are that determine the success or failure of outsourcing
projects, leading to predictive models that can be used in future decision phases.

At the start Symbiosis will explore the sourcing cases made available within the
multi-client study. Relevant data is collected, a format for quickly scanning deals is de-
veloped and best practices are identified, as well as an early-warning system for known
failing strategies. In the next years this will be continued for new cases and followups.
During the course of Symbiosis the participants will exchange their experiences, which
generates additional research questions. Also a comprehensive literature-scan of the
existing scientific literature is pursued [14, 13].

In the second year an exploratory data analysis is performed. At that time the first
best practices can be identified, based on the success factors and problems found so far.
In that stage predictive models will be compiled of 2 kinds. Quantitative models for the
total transaction costs ([11]) and benefits of a sourcing relationship and the distribution
of those costs and benefits between the parties. Qualitative models for culture mis-
matches, the transition, communication and alternative software development models

11



will take shape as well.
The third year is for longitudinal research. Now the actual status of the cases will

be reassessed and monitored against the models. This approach provides us to assess
and improve the models, and it offers to the participants a positioning of their case(s)
against our benchmarks and models. These results will be transferred to the industrial
parties by internal reports, and presentations on a dedicated seminar with all Symbiosis
participants. In the last year the focus will be on finishing research papers and the
completion of a PhD thesis.

Work package 2: Outsourcing models In this work package the UvA/HvA based
post-doc will work under the supervision of Jan Bergstra on theoretical aspects of
sourcing architectures and the semantic foundations of the various diagrams needed
to represent states and transitions involved in transformations of sourcing structures.

In year 1 the literature will be studied and the relevant case-studies will be selected.
Furthermore a start will be made in studying a notation for sourcing diagrams to for-
malize the interaction between the various sourcing parties. Such a notation requires a
syntax, both textual and graphical, and a clear semantics which enables formal reason-
ing. Jan Bergstra and his group has an established expertise in such research, see for
example earlier work on interfaces in the module algebra as reported in [3].

In year 2 a structure theory for service level agreements will be obtained and in-
tegrated with the previous diagram notation. By inspecting a substantial number of
contracts and SLA’s a canonical form has to be extracted. A major challenge here is
to determine what is specific about the SLA’s for sourcing deals concerning software
engineering related tasks. As a basic hypothesis we suppose that a life-cycle model
will be needed to classify which stages of the process are being outsourced and to de-
termine on that basis what aspects need to be taken into account in the SLA’s governing
the new business arrangement after sourcing.

By their nature, these sourcing diagrams can visualize sourcing architectures far
more complicated than what take place in practice. In software engineering this mis-
match between the free use of syntax and the limited needs of users has led to the
development of so-called design patterns. Compositions that occur so often that it is
useful to provide them with names and examples and to document them in handbooks.
Looking for useful design patterns has proven far more realistic than designing pro-
gram notations that somehow forbid useless combinations of features.

The concept of a design pattern will be applied to sourcing architectures as well.
Based on the provided cases studies we will develop reverse engineering techniques to
recover a number of design patterns and to set up a method to combine and instantiate
these design patterns into actual sourcing architectures. In software engineering it has
taken many years and the inspection of a phenomenal body of engineered software
to even make a start with identifying the relevant patterns. That sourcing deals give
rise to patterns on the long run seems a safe assumption. However, at this moment
we cannot predict whether or not the volume of data that the industrial partners will
provide to us will be sufficiently large such that useful and non-trivial patterns are likely
to be detected. This is a fundamental issue, however. Everyone who was involved in
writing software in the 60’s will probably be amazed about the complexity of modern
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software architectures. Similarly we cannot predict complexity of sourcing structures
that will evolve by many successive years of sourcing transformations. So we simply
don’t know whether the key patterns (if they are ever determined) already occur in
the current body of existing sourcing architectures. The wide open nature of these
questions make the subject all the more intriguing of course. And if no patterns are
observed that can probably be seen as an indication that the subject (i.e. the practice of
sourcing transformations) is still in an early stage of development, which also would
be a conclusion with practical relevance.

Work package 3: Quantitative aspects of outsourcing An important aspect miss-
ing in many software engineering contexts is its quantitative foundation supporting
relevant arguments. In outsourcing this is all the more important, since such quantifi-
cations are part of contracts and payment conditions. Early experience with substantial
outsourcing deals learned us that in some cases neither the outsourcer nor the service
provider is able to verify a single invoice, whereas large sums of money, and many
promises are involved. Measuring software, its development, maintenance, enhance-
ment, and exploitation turns out to be difficult. Still many software KPIs seem to have
certain mathematical characteristics. For instance, Prof Verhoef conjectures that many
important software KPI’s display heavy-tailed behavior, which has important impli-
cations for managing the risks of outsourcing deals [35]. Therefore, extreme value
analysis and heavy tail analysis plus its typical distributions (like Generalized Pareto
distributions), will be used to quantify outsourcing risks [15, 12].

In this work package the VU Post Doc will collect easily retrievable data of the
various case studies, and via exploratory data analysis it will be mined for relevant of-
ten hidden patterns (year 1). Those patterns are intended to answer deceptively simple
questions about projected cost savings, productivity improvements, added value, lower
defect rates, higher test coverage, and many other key performance indicators that are
promised in outsourcing contracts. On the one hand, we will aggregate the information
anonymously in benchmarking models (year 2). In this way the industrial partners can
be compared among each other, and outliers can be investigated qualitatively further.
On the other hand, we will develop prognostic and predictive models giving the indus-
trial parties quantitative IT-governance tools to support decision and control aspects of
outsourcing (year 3). Early experience with data of 20 deals already led to an indicative
model. It is a questionnaire where depending on the score the health of an outsourcing
trajectory is assessed. More data is necessary to turn such models in accurate predictive
ones, where, e.g, logistic regression developed for similar reasons in medical statistics
can be used to predict the health of an outsourcing deal [8, 7, 9, 22].

In an outsourcing situation, it is crucial to monitor important software KPIs over
time to quantify risks, manage control, and discover trends. The longitudinal part of
the case study will quantify these by sophisticated time-series analyses. This com-
prises ARIMA [6, 10] and GARCH [16, 4, 28, 19, 5] effects, since such software KPIs
and their variance display significant stochastic volatility over time. Until now many
software engineers shunned quantitative analyses at all, if only since “the dearth of
published empirical data on major industrial systems has been one of the reasons that
software engineering has failed to establish a proper scientific basis” as Fenton and
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Ohlsson put it a few years ago in IEEE Transactions on Software Engineering [18].
Verhoef pointed out that despite the (sometimes severe) volatility, KPIs over time do
contain structure, as long as you embrace the uncertainty. In fact, important software
KPIs like cost, duration, function points, and more can be modeled via the same meth-
ods that are used to capture properties of stocks over time [35].

Work package 4: Operational aspects of outsourcing In this work package the VU
OIO will take a subset of the provided case studies. For each selected case study all
relevant information related to the outsourced software systems will be studied within
this work package. Not only the source code will be investigated in the appropriate
level of detail, but also all other sources like functional and technical documentation,
architectural descriptions, requirements, tests, build scripts, etc. will be taken into
account whenever needed. In order to do so, an infrastructure will be developed within
year 1, based on earlier work within the VU, as sketched in Table 2.

This infrastructure is also needed to make the tacit system knowledge explicit, such
that it can be transfered to the service provider. Furthermore a method should be de-
veloped to extract this knowledge in some structured manner from the system experts.

In year 2 the existing work (for example, metrics [17] and Function Point Analysis
[1], [23]) will be extended and adapted such that it can be applied for software out-
sourcing. Note, that this is far from trivial as there are still many problems in applying
these techniques for productivity measuring [30], [24].

During the decision phase technology is required to analyze the current applica-
tion(s). In year 3 technology will be developed to determine the complexity of the
software, such that figures are obtained that can be used in choosing the appropriate
outsourcing model (work package 2) and in making the cost/benefit calculations (work
package 3).

In year 4 technology will be (further) developed to reduced the complexity of the
software, which supports the transition phase of software outsourcing ([31]). Although
it is not yet generally accepted, the service provider may also apply restructuring such
that the software complies its internal standards.
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9 Budget

For an overview of the project costs we refer to Table 4. Each of the industrial
partners has committed itself to spend at least 5 person days a year on Symbiosis, 20
person days over 4 years. As discussed earlier in this proposal, the contribution of each
industrial partner consists of:

• The delivery of appropriate data of their outsourcing projects. This will be a va-
riety of data such as contractual agreements, Service Level Agreements, project
administrative data, functional/technical specifications, source code, test cases,
acceptance/fail rates, etc. It takes time to select and collect the relevant infor-
mation, furthermore the Symbiosis researchers will have interviews with various
people to obtain the background information that is needed to do their research.

• During each case-study the research will be followed closely by the industrial
partner and intermediate results will be evaluated.

• Each year there will be a plenary session where the Symbiosis researchers present
their work to the industrial partners and where the industrial partners will present
their questions and problems.

Hence, these 5 person days are the absolute minimum, when the project will start (ex-
pected at the end of 2006) the case studies will become clear and more detailed agree-
ments can be made. It is to be expected that some of the industrial partners will actually
participate many more than the 5 person days a year that we use now in our budget cal-
culation. Some of the industrial partners have already agreed a larger participation, as
can be seen in Table 4.

Given the large number of industrial partners we have used an average fee of 125,-
euro per hour for all industrial partners. Note that the names that are given in Table 4
indicate the contact person of each industrial partner.
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UvA/HvA PostDoc (3 year) 1 FTE 169.299
UvA/HvA OIO 1 FTE 177.247
VU PostDoc (3 year) 1 FTE 169.299
VU OIO 1 FTE 177.247
expenses 20.000
Total Jacquard (A) 713.092 45.7 %

UvA Prof. dr. J.A. Bergstra 0.2 FTE 104.758
UvA dr. A. Ponse 0.15 FTE 54.634
HvA dr. G.P.A.J. Delen 0.125 FTE 65.474
VU Prof. dr. C. Verhoef 0.2 FTE 104.758
VU dr. A.S. Klusener 0.2 FTE 61.170
Total Universities (B) 390.794 25.1 %

City of Den Hague Krijn Graaf 192 person hours 24.000
Fuji Film Joop Kempe 160 person hours 20.000
ING Bank Edwin Jaspers 160 person hours 20.000
Min. OCW/CFi Cees van Harte 160 person hours 20.000
NBTC Bert Heskes 160 person hours 20.000
Rijkswaterstaat Hans Blokpoel 160 person hours 20.000
UWV Jacob de Boer 160 person hours 20.000
ROC-consortium Ludo Cuijpers 160 person hours 20.000
VGZ-IZA Jo Knippenberg 160 person hours 20.000
AtosOrigin Roel de Graaf 160 person hours 20.000
CapGemini Prof. dr. Daan Rijsenbrij 160 person hours 20.000
Getronics PinkRoccade Theo Thijssen 160 person hours 20.000
Cognizant Arie Edens 256 person hours 32.000
HCL Jeroen van Rooden 160 person hours 20.000
LogicaCMG Chris Soels 160 person hours 20.000
Ordina Joost Pigmans 160 person hours 20.000
Tata/TCS Vidhya Sampath 160 person hours 20.000
ICTU Siep Eilander 160 person hours 20.000
PA Consulting Mark Griep 160 person hours 20.000
VKA Jeroen Hinfelaar 320 person hours 40.000
Quint Wellington Redwood Marcel Blommestein 160 person hours 20.000
Total Industry (C) 456.000 29.2 %

Total Symbiosis 1.559.886 100.0 %

Table 4: Project cost overview Symbiosis
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