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Abstract

The increase in the use of software leads to a wish to exploit commonalities between
them in order to achieve higher quality at lower cost faster. Like in other fields, the
answer to this drive has been to create standardized components to fulfill these common
needs. However the major difficulty with developing applications using third-party com-
ponents is resolving the incompatibilities between them. The risks and costs associated
with component based development can be reduced by thoroughly assessing components
before integration in order to uncover architectural incompatibilities. Especially proto-
typing of combinations of components to test their interaction has proven to be useful in
determining the suitability of components. Several techniques exist for assessing com-
ponent compatibility based on properties of the component, however in order for these
techniques to provide accurate results detailed architectural and design information is
necessary, something which, in practise, is only rarely available.
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Chapter 1

Introduction

1.1 Motivation

Software is more and more common in daily lives today, ranging from embedded systems
that control cars, airplanes, and even toys, to vast information system that control the
always increasing amount of information, ranging from dictionaries, to stock markets,
and medical systems. The increase in the use of software leads to a wish to exploit
commonalities between them in order to achieve higher quality at lower cost faster. Like
in other fields, the answer to this drive has been to create standardized components to
fulfill these common needs.

The usage of third-party component in software development has sharply increased over
the past decade | | with the majority of software companies using third-party com-
ponents to some extent, varying from one component which presents a limited part of
the system to systems where over half of the functionality is provided by components.

With the increase of component usage both engineers and researchers became more aware
of the problems associated with using third-party components. This led to increased
awareness of software architecture. Many of the problems related to components have
to do with the interaction between the component and the system and, in case multiple
components are used, the interaction between components themselves. These conflicts
were called architectural mismatch | ] and the concept of architectural compati-
bility was born.

Architectural mismatches that remain undetected for a long time can reek havoc on
software development, causing major delays, increased costs, and the possibility that
the development will fail to meet its requirements. Since the cost and risks of any
development increase sharply the further in the development process the project is, it is
essential to assess architectural compatibility in the early stage of development | ].

In order to facilitate this, among others, two things are necessary. First of all a process for
assessing components before they are integrated into a product. And second techniques
to determine likely incompatibilities between components and between component and
system at an early stage.
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1.2 Definitions

Before discussing third-party components it is necessary to provide the definition of what
we mean with third-party component.

There are many different definitions of what a component is. The SEI’s COTS-based
System Initiative defines a COTS product as | |:

e sold, leased, or licensed to the general public

e offered by a vendor trying to profit from it

e supported and evolved by the vendor, who retains the intellectual property rights
e available in multiple, identical copies

e used without source code modification.

This definition excludes open-source components (first bullet) and components developed
by third-parties exclusively for a specific customer (fourth bullet). Szyperski defines a
component as follows [ |:

A software component is a unit of composition with contractually specified interfaces and
explicit context dependencies only. A software component can be deployed independently
and is subject to composition by third party.

However components used in industry do not always have well defined interfaces [ ]
The focus of this thesis is on the assessment of components for use in industrial projects.
Since the properties of internally developed or in-house components are (supposed to
be) known this thesis focusses on third-party software components.

For the purpose of this thesis we define third-party software component as follows:

A third-party software component is a self-contained piece of software developed by an
external party.

This is a very broad definition that, we believe, covers most, existing definitions of third-
party software components. In this definition the component needs to be self-contained,
meaning that it should provide a defined function without the need for modification to
achieve this function. Also the component should be developed by an external party,
excluding in-house developed component of which the source code is available and can
be modified, in which case the component is no longer self-contained. The definition
does not require the component to be part of a component framework, or have a specific
interface. In fact a database management system or operating system can be considered
a component using this definition. Neither does the component have to be commercial
or supported by one single vendor, open source components are also included in the
definition.

The broad scope of this definition serves this thesis well because when it comes to
assessing third-party components the importance of the assessment is related to the



1.3. CONTRIBUTION 3

importance of the functionality provided by the component to the end product. The
importance is not necessarily related to the size of the component or whether it is
commercial or open-source. Which means that for software components the issues are
similar no matter whether the component in question is a small control routine for a
mechanical device or a large distributed DBMS. The information necessary to asses the
suitability and especially compatibility of a component are similar independent of the

size or type of the component.

The assessment however is not limited to third-party components, since properties of
in-house components are not always known, this is especially the case if a organization
has multiple independent software organizations or in case the software components
originate from two different companies in case of a recent merge. The thesis will focus
on assessment of third-party components, however chapter 4 deals with the issues in
merging in-house software systems after a company merger. This situation has properties
similar to a component-based developed with third-party components especially when it

comes to the familiarity of developers with the components.

From now on the term component will be used synonymous with third-party compo-
nent as defined above, and similarly compatibility will be used in stead of architectural
compatibility.

1.3 Contribution

Current research provides techniques for detecting and sometimes resolving incompati-
bilities between components on one hand and process framework for selecting suitable
components on the other. However the proposed techniques are research prototypes and
have not been tested in practise, while the processes are high-level and do not integrate

with existing practise or with the proposed techniques.

This thesis aims to unify state-of-the-art research into both techniques and processes
with current established practises in industry. Naturally the unification of two such vast
areas, the academic research into component based software engineering on one hand
and the accumulated experience and practise build up in industry on the other, cannot
be simply unified in one thesis. However this thesis will hopefully contribute a small
part to the unification.

To the unification this thesis contributes a state-of-the-art survey of techniques intended
to determine the compatibility between components and between components and the
system, including a discussion on the applicability of these techniques in practise. Fur-
thermore an existing process model for component assessment is evaluated and extended
based on experiences from two software engineers. Architectural compatibility is also
viewed from a different context, namely that of a in-house integration in recently merged
organizations. The contributions are not purely theoretical, rather they are based on
experiences from practitioners obtained through extensive case studies and a question-

naire.
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1.4 Research Method

Several methods and techniques are used in the research presented in this thesis. The
specifics are described in the research method section of each chapter. This section will
prevent an overview of the methods used.

The state-of-the-art described in chapter 2 is based on an extensive literature survey of
professional literature including magazines, conference proceedings, theses, and technical
reports. More details about the method used can be found in section 2.1.1.

Chapters 3 and 4 are based on multiple case studies | ] through semi-structured
interviews | ]. In chapter 3 two extensive case studies were performed, while in
chapter 4 consists of nine case studies. Details can be found in sections 3.2 and 4.2
respectively.

The validation described in chapter 5 was done through a survey in the form of an
electronic questionnaire, more details in section 5.2.

Because of the use of case studies, not only the validation of the outcome has to be dis-
cussed, but also the validity of the case study research itself, because of different kinds
of threats to its validity. These threats, and how they are addressed, based on advice
given by Yin | ], will be discussed here. The construct validity of the research is
guaranteed by establishing a chain of evidence in the form of documented interview notes
and the raw results of the questionnaire, both of which can be found in the appendices.
Also the interview notes were presented to the interviewees for correction and feedback.
Internal validity is addressed by separating the description of the data and its interpre-
tation is much as possible. In order to establish external validity a questionnaire was
created, which is described in chapter 5. All information necessary to repeat the study
is included in this thesis, allowing for independent verification and reproduction of the
research.

1.5 Outline

The remainder of the thesis, with the exception of the conclusion, have been written
in the style of a series of scientific conference papers. Therefore each chapter is self-
contained including introduction, research method, discussion, and conclusion. This
allows for reading each chapter independent of the others. In order to facilitate the
reader of the entire thesis each chapter is preceded by a short paragraph placing the
paper in the context of the overall thesis. Included in this paragraph are details about
contributions to the content by others and references to the conference where the paper
was published, if applicable.

The thesis is organized as follows: chapter 2 contains a literature survey into the current
state of the art of scientific methods for determining architectural compatibility between
components. The survey is divided into four sections, the first part collects the different
definitions of (architectural) compatibility, the second describes techniques for detecting
mismatches between components that could negatively influence the compatibility, and
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the third section describes techniques for solving the subset of mismatches that cause
architectural problems called conflicts. The fourth part can be found in section 2.5 and
contains a discussion about the encountered literature and its applicability to real-world
challenges.

Chapter 3 presents a process for assessing the compatibility of one or more components.
The process is an extension of an existing process based on two cases. The new process,
dubbed eXtended COTS Component Compatibility Selection Method (xCCCSM), ex-
tends the original process with an additional step and several new transitions, plus
detailed suggestions on implementing the two most important steps.

Chapter 4 is not about third-party components, rather it looks at architectural com-
patibility in a different context namely merging systems within a single organization.
As described in the chapter, although a quite different domain from component based
development, both have in common that compatibility has a major impact on the the
possibilities, risks, and changes of success of a project.

The assumptions about existing techniques made in 2.5 and the process presented in
chapter 3 remain unproven in practise until they are validated. The validation is de-
scribed in chapter 5, which describes five hypothesis and a questionnaire as a tool for
validation them. Naturally the results of the questionnaire are presented in section 5.5.

Bringing this all together is chapter 6 which states the conclusions of the thesis, based
on the research described in the previous chapters.

The appendices contain the WICSA Work-in-Progress paper which is a derivative of
chapter 4, the interview notes that form the bases of chapter 3, and the questionnaire
(appendix C) and results (appendix D) that form the foundation of the validation in
chapter 5.
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Chapter 2

Survey on Assessing
Compatibility

This chapter contains a state-of-the-art survey of academic methods of accessing compo-
nent compatibility, or rather on methods of finding incompatibilities between components.
The survey explorer the available techniques and possible usage in processes discussed in

the remainder of the thesis.

This chapter is based on a paper created as part of the university course Research
Methodology for Computer Science and Engineering (CT3340) at Mdlardalen Univer-

sity, Viasteras, Sweden.

2.1 Introduction

Research has shown that architectural compatibility between components or between a
component and the system is a major issue when developing software systems, causing
large delays, reduced quality and functionality, or even failure to complete such systems.
However much research remains before even the fundamental question can be properly
answered: “What is compatibility?”, “How can compatibility or the absence thereof be
detected?”, and “How can incompatibilities be solved?”. These are the questions this

state-of-the-art literature survey was aimed to find the answers to.

In order to get a better insight in the issues surrounding compatibility, they ways of
detecting them, and methods to solve them, the author has performed a literature survey
into the subject. The survey tries to answer the following questions:

1. How is compatibility defined?

2. Which methods are available to determine the level of compatibility between com-

ponents?

3. What methods exist to solve incompatibility?

7
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4. How applicable are these methods in the context of a real-word organization at-

tempting to integrate existing systems?

The survey follows the structure of the questions, with the result that sections 2.2,
2.3, and 2.4 will describe the answers current literature has to questions 1, 2, and 3
respectively. Section 2.5 will discuss question 4. Some approaches are mentioned multiple

times in different sections because they provide answers to multiple questions.

2.1.1 Research Method

The survey that is the bases for this paper had the goal to find the state of the art
regarding incompatibility, interoperability conflicts, and architectural mismatch on the
abstraction level of the software architecture | ]. This was done by screening
relevant conferences, such as, but not limited to WICSA, ICSE, and ESEC/FSE in the
past 5 years. From the articles that were deemed relevant the references were screened
and also using Google Scholar [goo] and CiteSeer [cit] other papers that referred to the
relevant paper were searched. Further more using the same services all references to,

what is considered to be, the first article about this field | | were screened.

This method of screening assumes that all publishing researchers in this area are part of
one or more networks that refer to each other’s work and that some of this works gets

presented at conferences in the field or published in well known publications.

The questions asked in the papers surveyed are characterisation and method questions,
such as “Which characteristics influence mismatch?”. Validation of the research pre-
sented in the surveyed papers is mainly through persuasion and in some cases through

a prototype implementation.

2.2 Defining Compatibility

In the context of software systems, compatibility means the ability of different compo-
nents to work together in a system that combines their functionality. Compatibility as
such is a difficult concept to define, because it has very many aspects making it hard
to say with confidence that two components are compatible. Rather researchers focus
on incompatibility, a concept that is much easier to define since identifying one incom-
patible aspect leads to incompatibility. Because of this no researchers will claim that
two components are compatible, rather they will claim that no incompatibilities have
been detected, which does not mean that they do not exist. Incompatibilities can occur
in many different areas including incompatibility of data, either in syntax or semantics,
or incompatibility of environment such as programming language, operating system or
hardware. These types of incompatibilities have been researched in the past resulting in

a better understanding and some solutions.
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2.2.1 Mismatch

This paper will focus on architectural compatibility, an area much less understood both
in research and practise. Architectural incompatibilities are caused by assumptions com-
ponents make about the way they interact with other components in the system. If these
assumptions are not compatible this results in a mismatch. However a mismatch does not
necessarily result in an incompatibility, although it is a strong indicator of one. This was
first observed by David Garlan et al. in a ground breaking paper entitled “Architectural
Mismatch or Why it’s hard to build systems out of existing parts” | ].

These assumptions, when separated from the functionality of the component, are dubbed
packaging by Shaw [ ]. In this paper she introduced the concept of connectors
between components in order to be able to better understand the issues surrounding
packaging. We will discuss connectors in more detail in section 2.4.2. One could ask
why not build all component according to one packaging standard so that all assumptions
are the same. Unfortunately, as the old quip goes, the best thing about standards is that
there are so many to choose from. Also software architecture research indicates that a
single standard will never be appropriate for all components | ].

2.2.2 PAI

Davis et al. refine the concept of mismatch by using the term Problematic Architectural
Interaction, or PAI for short | ]. They define this as follows:

Definition Problematic Architectural Interaction. An interoperability conflict that is
predicted through the comparison of architecture interaction characteristics and requires
intervention via external services for its resolution.

The method distinguishes four different interaction assumptions ranging from Compoment-
Component to Application-Application. Each interaction assumption has a number of
characteristics that need to be compared to determine if any PAIs exist. Examples of
such characteristics are: Blocking, Control Topology, and Synchronization. Values of
characteristic do not necessarily have to be different to cause PAls, identical values can
also lead to problematic interactions. Also the values of combinations of characteristics
can lead to PAIs even when the values of the individual characteristics would not.

2.2.3 Yakimovich

Yakimovich et al. have a similar definition, dividing problems into: syntax, first, second
and N-order semantic-pragmatic incompatibility. Where a first order semantic problem
is a problem with the component itself, e.g. component does not provide the required
functionality, a second order describes problem between the interaction of two com-
ponents. Incompatibilities caused by multiple components together are called N-order
semantic-pragmatic incompatibility | ]. Yakimovich et al. also distinguishes be-
tween different types of interaction. A component can interact with the platform, the
hardware, the user, and other software | ]
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2.3 Detecting Mismatch

It is important to detect architectural mismatch as early as possible in the development
process because the cost of changes to the design increases exponentially as the project
progresses | ]. Methods for detecting mismatch can be classified into two broad
categories, they are either attribute based or model based.

Attribute based techniques inspect the a set of critical assumptions or attributes of
a component, such as control structure, layering, and concurrency, and the structure
and connectors between components. These attributes are quite general and should be
available for commercial components. Some methods are also able to handle the lack
of information about certain properties. These methods requires only little information
and time and therefore is well suited for evaluating several design alternatives early
on in the development process. The disadvantage is that its mismatch detecting is
pessimistic resulting in the detection of mismatches that might actually not occur; this
is especially true when the values of certain attributes are unknown. A survey of the

methods available follows in section 2.3.1.

The other method of detecting mismatches is based on a model of the system. Such a
model can be either a description in a formal Architectural Description Language (ADL)
or in a suitable process algebra. Modelling a system requires detailed knowledge about
the system and is generally very time consuming. The advantage of this approach is that
the resulting mismatches are more accurate. Because of the time required this method
is best suited at the end of the architectural design phase to verify the decision for a
specific architecture and to identify problematic mismatches that will need to be solved
during implementation. A description of the methods available is presented in section
2.3.5.

2.3.1 Attribute

This section discusses three attribute based techniques: PAI, AAA, and Yakimovich.

2.3.2 PAI

The method identifies 13 PAIs divided into three categories: control transfer, data trans-
fer, and interaction initialization. The notation used to denote PAls is as follows:

CZ'.ST(Q) — T «— C]St(R)

Where C; and C; are categories, s, and s; are value, Q and R are components, and T is

a PAI. For example:

CS.Single — Thread(A) — {3} «— Bk.Non — Blocking(B)
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Figure 2.1: Bipartite graph showing potential Problematic Architectural Interac-
tions [ ]

indicates that component A has a single-threaded control structure while component B
is non blocking, this causes PAI number 3 (Inhibited rendezvous). Davis at al. provide a
formal definition of this notation [ ], which is symmetric, however not reflective

or transitive.

They introduce an union rule allowing the same value/component pair causing multiple
PAIs to be combined:

Cisr(Q) = T — Cijsy(R)NCi.5.(Q) — V — Cj.5(R) &
C,LST(Q)—? TNV «— Cj.St(R)

indicating that two characteristics cause multiple problems, where all could be solved if

the values of the characteristics are adjusted. And an addition rule:

Ci5-(Q) = T — Cjst(R)NCi5.(Q) — R «— Cj.5,(R) <
Ci.5r(Q) — T «— Cj.s5¢(R), Cj.50(R)

which indicates that multiple characteristics can lead to the same problem.

PAI comes with an eight step method for gathering and solving the problematic inter-
action. This method includes creating a bipartite graph of the PAls as shown in figure
2.1 and using the union and addition rule to reduce to number of PAIs. The 13 defined

PAITs are described in more detail in a later publication | ].

This process is rather tedious to perform manually, therefore a prototype tool called
Collidescope is provided to support this process | ] and can be found, free of charge,
on the internet [col]. The tool allows designers to input an architecture using a graphical
user interface, the tool will check this design for PAIs and also suggest a possible strategy
to resolve the problems. See Figure 2.2. More about resolution can be found in section

2.4. The easy to use nature of the tool makes it also suitable for exploratory scenarios.
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Figure 2.2: Screenshot of Collidescope showing an architecture, component characteris-
tics, and a PAT description

2.3.3 AAA

The method proposed by Egyed et al. is similar to the one described above, however
their set of attributes is quite different [F/G99]. The method also provides support for
components that follow a certain architectural style, in that case style specific attributes

are inherited from the style.

The authors also provide a prototype tool to support their process called AAA. Although
it does not provide a GUI, it can handle seven different types of connectors as opposed to
the two supported by Collidescope (uni-directional and bi-directional). The tool provides

a comprehensive list of the detected mismatches [ENMGO0].

2.3.4 Yakimovich

A third approach by Yakimovich et al. does not consider attribute values as conflicting
but rather as a partial ordering so that for a certain attribute value A is compatible
with value B, but not the other way around [YBB99]. For example a multi-threaded
component can call a component that have no concurrency or component that make no
assumptions about concurrency, such as certain libraries, however the other way around
is certainly more difficult, see figure 2.3. No detailed process or tool support is provided

by the authors.
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multiple processes

multiple threads
centralized control

no control assumptions

Figure 2.3: Ordering of types of control, a component can use another component at the
same or lower level [ ]

2.3.5 Model

When the design of a system is finalised a detailed model of the system can be built
using a formal modelling technique. The model can then be used by model checkers to
determine whether it is complete and complies with the assumptions made. In order to
be able to model a system detailed information about the design is necessary. A model
is always an approximation of reality, in order to be manageable the modeler needs to
use abstraction to model only the properties of the design that are relevant. Whether
or not a design property is relevant is difficult to determine. An incorrect abstraction
may make the model invalid.

Specifically for the purpose of modelling architectural design so called Architectural
Design Languages have been developed. General ADLs such as Aesop | ] and
Wright | ] can be used to model both the system and the architectural style it
needs to comply with. For certain architectural styles ADLs have been developed that
are especially suited for that style. Layered systems can be modelled using the GenVoca
ADL | ], event-based systems by Rapide | ], distributed systems using Dar-
win | ], and the C2 architectural style can be modelled using C2SADEL | ].
These ADLs can be used in combination with automatic model checking tools such as, in
the later case, SAAGE | ]. A description of the usage of C2SADEL and SAAGE
on an example can be found in | ]

Most mismatches occur in interaction between components, therefore process algebras
can be used to model these interactions. Process algebras are mathematical languages
designed to model and reason about processes. There are many different types of process
algebra allowing modelling of different aspects and domains. For example certain process
algebras can model timing making them suitable for modelling real-time systems. Other
PAs abstract from timing making them suitable for situations in which the actions of
the system are important rather that the timing. Research is ongoing in the area of
using PA to detect architectural mismatches. Including work by Bernardo et al. | ,
] and by Inverard et al. who use the liking to chemical reaction in their CHemical
Abstraction Machine (CHAM) to describe architectural interactions [ ]
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2.4 Resolving Conflicts

Once a mismatch is identified in a design it needs to be resolved. Resolution can be done
in two ways. The first way is to identify the components that causes the mismatch and
modify the design replacing one of them by a component that is compatible with other
components and the system. Certain components, however, may not be replaceable for
varying reasons. For example the offending component may be the legacy system in
an integration project, in that case it replacing that component would require building
the entire system from scratch which often is not a viable option. Another possibility
is that the component in question provides functionality essential to the system and no
other suitable component exists. In that case it may be possible to replace several other
components or modify the architecture of the system to resolve, or at least reduce, the
number of mismatches.

The second option to resolve mismatch is to use so called gluecode. Shaw was the first to
notice that the problem with component mismatch often is not with the functionality of
the component, but with the packaging of this functionality | ]. Or in other words
which type of connectors can be attached to the component.

2.4.1 Modify component

Possibly the first solution to come to mind is: if it doesn’t fit, make it fit by modifying
the source code. This strategy will only work in cases were the actual source code is
available for modification, which is not the case for many commercial components. Even
if the code is available it is sometimes questionable whether this approach is viable.
Modifying existing code means investing time and money into the modification and
requires retesting of the modified component. Studies show that extensively (> 25%)
modifying the source code results in the same amount of errors as when building the
component from scratch | ]. This reduces the increase in efficiency that is normally
associated with component reuse. In case of legacy systems it is also possible that there
is insufficient knowledge of the legacy component to be able to modify it.

Some authors suggest that the packaging of a component should be separated from the
functionality, allowing for easy adaption of the packaging to suite different architectures
and connectors | |. However this would require the components used to be written
according to such a strategy, which unfortunately, for many is not the case.

2.4.2 Wrap

Wrapping involves using additional gluecode around the component in order to solve the
architectural mismatch between the component and the rest of the system. In this ap-
proach the original component remains unmodified, however the overall system becomes
more complex because of the added code. There are several approaches to implement-
ing this strategy, which can be divided into three categories: adaptors, connectors, and
middleware [ ].
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An Adapter is a design pattern | ], also known as Wrapper, which acts as an
intermediate between the component and the rest of the system in order to solve ar-
chitectural mismatches. A mismatch that can be solved using an adapter is a type
mismatch between two components. An adapter can translate one type to the other.

In the mid-90s Shaw started describing connectors between components as an equally
important part of a system as the components themselves and elevating them to “first-
class citizens” of software architecture [ , ]. Other researchers have identified
connectors as important tools in connecting components in such a way as to resolve ar-
chitectural mismatch. Connectors are not independent of other techniques of describing
mismatch, in fact Adapters can very well be described in terms of connectors | ]

Deline describes eight connectors designed to resolve architectural mismatch | ].
These connectors are not newly invented concepts, but codify the experience of soft-
ware architects in the same way patterns codify programming techniques. The list of
eight connectors is by no means complete, neither is it intended to be. One year later
a paper by Mehta et al. attempts to classify connectors in a similar way as biology
classifies living organisms in order to get a better understanding about them [ ].
This classification framework contains eight main types of connectors with a total of
45 connector dimensions, which in turn have subdimensions. These subdimisions have
a value. A connector is a combination of values of the subdomains of a type. This
results, potentiality, in a huge number of connectors, with the possibility of even more
since the authors themselves do not consider their framework to be complete. In the
framework connector types are first divided into different services. For example a pro-
cedure call is part of communication and coordination. A type is then further divided
into dimensions. For a procedure call these include parameters, entry point, invocation,
synchronicity, cardinality, and accessibility. A dimension can be divided into subdimen-
sions, such as data transfer, semantics, return value, and invocation record in the case of
the parameter dimension of the procedure call type. Finally (sub)domains have values.
A type of connector (or species) is classified in one or more (sub)domains. For exam-
ple coroutine is a communication and coordination service of type procedure call with
multiple entry points.

2.4.3 Collidescope

Davis et al., who coined the term PAI, also introduced three integration elements | ]:
a translator, which translates messages between component which expect incompatible
formats, a controller, which coordinates the flow of information, and an extender, which
adds missing functionality. In their tool Collidescope they introduce a number of concrete
instantiations of these integration elements such as formatters, routers, buffers, etc.
Based on the PAIs the tool suggests a number of integration elements to resolve the
conflicts. An screenshot of Collidescope presenting a solution is shown in figure 2.4.

A category of solutions for mismatch is middleware. Middleware provides distributed
computing services that facilitate interoperation between components | ]. Mid-
dleware however tries to solve the symptoms of architectural mismatch not the cause.
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Figure 2.4: Screenshot of Collidescope showing a solution.

2.5 Discussion

The first three questions of this chapter (what is compatibility, how to detect mismatches,
and how to resolve conflicts) that form the basis of this survey have been answered. The
last question, whether this can be applied in an industrial context, cannot be answered
based on the literature study because there simply is no literature available to answer
it. None of the papers actually evaluate their proposed techniques in a real world en-
vironment, although some of the examples hint at being simplifications of real world
problems. Not a single paper includes a reference to an actual evaluation. Therefore
this section presents the author’s opinion about the applicability in industry.

Research has made significant progress to answer the question “What is incompatibil-
ity?”. A common understanding about the problem is required in order for a group of
engineers to solve it. However the vocabulary used in the various research groups dif-
fers, making it harder to combine findings from multiple sources. Common terminology
would make this easier, however as other fields have shown a single, universally agreed
upon vocabulary is a utopia.

Several methods exist to assess incompatibilities in a design at different stages of the de-
velopment process. Some of the methods provide tool support, making them easier and
less time consuming to implement. Two of the attribute based detection methods provide
decent prototype tooling, however they can only detect a limited number of mismatches
and often the methods make pessimistic predictions, especially when presented with
incomplete information, i.e. assuming mismatch where none exists. The model based
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approaches provide more detailed and accurate information about mismatches, however
it is very time consuming and different modelling languages, techniques, and tools are
required for different architectural styles and problem domains. This makes these ap-
proaches suitable for domain specific development organisations in which correctness is
critical (e.g. telecommunication), but makes them unsuited for software architecting in
general. Hopefully the newly developed UML 2.0 [uml] will provide engineers with a sin-
gle, standardised language, that will allow them to model every architecture. Providing
adequate education and tooling is available.

As with any engineering discipline every problem is unique and requires an unique so-
lution. That is not to say that solution patterns, as provided by some of the research
described in section 2.4, are not useful. However since most of the solutions are for-
mulated in terms of packaging and connectors that requires a paradigm shift from the
developers building the components and the engineers attempting to apply these solu-
tions.

In general several of the methods for both detecting and resolving mismatch are promis-
ing, however these need to address several issues in order to be useful to the general
software architect. These include improving tool support, better handling of incom-
plete, and possible incorrect information, and standardization of models and notations.

2.6 Summary and Future work

The fact that architectural mismatches exist is widely known now, there also exist several
classifications for the problems encountered, unfortunately none of them are widely
accepted.

Methods to detect mismatch at different stages in the development process are being
developed including the tools that make the assessments fast and simple. However none
of the methods have been tested in the real world and all tools are still in the prototype
stage.

Solutions to mismatches have start to appear described in the form of connectors, much
like the object-oriented community describes design patterns. The connectors are not
very specific, and much is still to be discovered about them.

2.6.1 Future work

As stated in the section on methodology none of the techniques described here, either for
detection or resolution, have been evaluated in the real world. Or at least no scientific
documentation is available describing such an evaluation. Therefore it would be of
interest to try to use one or more of the tools and techniques described on an actual
integration project in order to evaluate and build up experience with the proposed
techniques.

Engineers in industry have been working on integration project for decades and, as-
suming that some of them were successful, must have found practical solutions to these
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problems. Future work would include attempting to identify the engineers which such
knowledge and encoding this knowledge into rules of thumb or systems in order to spread
this information to the community at large and improve the overall quality of integration

projects.



Chapter 3

Case Study on Component
Assessment

Unlike the previous chapter, which deals with compatibility assessment in an academic
context, this chapter deals current practises of assessing he compatibility of components
in an industrial context. In this context compatibility does not only include technical
compatibility between components, but also includes compatibility with the requirements
and business.

3.1 Introduction

As more and more software COTS (Commercial Off-The-Shelf) components are available
on the marketplace, organizations are trying to exploit the advantages these components
provide by using them as part of their software products instead of developing the entire
product in-house. Not all projects using COTS are a success though. A number of them
suffer from problems with selecting the right components. Component may not fulfil
the desired requirements, or the assumptions made in the component’s design may not
be compatible with the overall architecture of the system. There are several published
methods and processes to evaluate software components and incompatibility. However
not much literature exists about large scale assessment processes in industry.

In order to obtain this knowledge we performed two case studies at two large multina-
tional companies, interviewing practitioners who had taken part in thorough assessment
processes, which were considered successful by the people involved (meaning efficient
and effective, i.e. the right decision was made). These cases are compared with two
published assessment methods, of which one (by Bhuta and Boehm) fits the events of
the cases and is further refined and extended.

The method of research is described in section 3.2. Section 3.3 describes the cases.
The two published methods for the assessment process and their relation to the cases
are discussed in section 3.4, including several extensions to the closest matching model.
Recommendations on how to implement the information gathering steps is described in

19
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section 3.5. Related work is discussed in section 3.6. Finally section 3.6 summarizes the

main conclusions and outlines future work.

3.2 Research Method

We performed a multiple case study [ ], where we gathered information from two
practitioners who were involved in a component assessment process. To collect the data,
people willing to participate in the interviews were found through personal contacts. The
interviews were held with one person in the each organization who had been directly
involved throughout the whole assessment process. Both are experienced engineers and
were partially independent because they came from outside the organization, in one
case from the organization’s research division in the other from a consulting company.
The questions were open-ended, focused around technical aspects and processes. The
interviews were recorded for the interviewer’s personal use in copying out the interview
notes, which were sent back to the interviewees for feedback and approval. The questions

and answers can be found in the technical report.

The information gathered in the cases is independently confirmed by two experienced
software consultants, referred to as C1 and C2, in the same respective domains as the
cases. Therefore the extended method described here is not only based on two large

cases but also on the accumulated experience of dozens of assessments.

3.3 The Cases

This section describes two cases of component assessment based on semi-structured
interviews with two engineers each involved in one project.

3.3.1 Case A

Background. The company develops real-time safety critical embedded systems and is
one of the largest in its domain. The interviewee is employed at the company’s research
division as a software engineer/researcher and was hired by one of its largest and most
successful business units as the project leader of the assessment.

Situation. The component under consideration is a GUI builder that allows customers
to customize the interface of a large system. The current system and components are
working satisfactory, however the GUI builder was build on top of a platform no longer
supported by the vendor. Therefore the goal of the project was to replace the component
by one built on the new platform by the same vendor. Developers in the business unit
preferred building the new GUI builder component in-house. Management, considering
the advantages of COTS, preferred a commercial third-party component. An assessment
project was initiated with the goal of determining whether an existing component or an
in-house development would best meet the requirements and constraints, including not
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only functionality and quality but also implementation characteristics such as short
time-to-market.

Assessment. The project team included the interviewee as project leader, three re-
searchers from the research division familiar with assessment processes, three developers
from the business unit, and several other persons providing services. The first two months
were spent on refining the requirements. The initial selection of components was based
on information gather from trade fairs by management. The next two months were spent
on assessing the components, reducing the 9 potential components to two viable ones,
plus the option to develop in-house. After the short list was created the team continued,
without the three researchers, by building prototypes using the two components and
also created a prototype for the in-house development. A complicating factor was that
neither of the vendors had a finished components based on the new platform, but were
still in the early development stages of creating one. The main problem encountered
during the prototyping was the incompatibility between the hierarchical way the system
was organized and the way the components were organized. However since both vendors
were in a very early stage of development and both were willing to cooperate with the
company there existed the possibility of a jointly developing a suitable component as a
separate product line.

Decision. Both vendors were willing to accommodate the specific requirements by in-
troducing a separate product line. However, the main question of the assessment team
was whether this would be an advantage over building the component in-house. Be-
cause the vendors were in an early stage of development themselves a shorter time to
market and other advantages associated with mature COTS components did not apply
here. Furthermore an external component would mean that core knowledge and partial
responsibility for customer support would lie outside the company. The team concluded
that the best course was an in-house development of the component.

Evaluation. According to the interviewee the challenge in this assessment was not so
much technical as it was to get a common understanding of the situation and the solution.
Both in the technical aspect and in creating consensus the assessment was very successful.
One of the main contributors to this success was the involvement of the developers from
the business unit.

3.3.2 Case B

Background. The financial institution is among the largest in the world. It hired the
interviewee from a large consulting company as part of a team of consultants specifically
for the purpose of gathering requirements, assessing viable components, and guiding
the integration thereof. The interviewee has more than 10 years experience in software
architecture and design on numerous projects in this domain.

Situation. There were a large number of systems loosely integrated with information
being both distributed and duplicated. In 1999 it was decided that, in order to bet-
ter serve their customers it was desirable to have uniform, coherent information about
customers throughout all systems. In order to achieve this, a uniform integration of
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all systems was required, an integration which is nowadays referred to as an Enterprise
Service Bus (ESB). The systems to be integrated communicated with each other in an

ad-hoc manner, both in a synchronous and asynchronous fashion.

The base of an ESB is a message bus. Since the market for message busses was considered
mature the financial institution wanted a COTS message bus component with additional

services built on top.

Assessment. The assessment process was performed by five to ten consultants with
experience in this area. The process started out with thorough requirements gather-
ing process based on the input from the institution and the experience from the team

members. The requirements were organized according to ISO 9126 [iso] and prioritized.

The initial selection of components was made mainly based on the knowledge of the
team members about the available components. Some were immediately discarded be-
cause they where considered not mature enough. This resulted in a long list of about
ten components. After comparing the product features with the requirements about five
components were still under consideration. The vendors of these components were in-
vited to give a presentation about their product providing more input to the assessment.

Based on the requirements this resulted in a short list of three components.

The vendors on the short list were asked to fill out a detailed questionnaire with open
questions based on the requirements. The answers to the questions where then graded
by the assessment team. The grading of the answers was discussed with the vendors, to
ensure correct interpretation. The scores assigned to the requirements together with the
priorities resulted in a clear ranking for the three components. The team recommended
the best of the components to the institution’s management.

Decision. There were existing ties between the institution and the vendor of the com-
ponent ranked second, and management considered this vendor more reliable (reliability
being very important in the financial domain). The management therefore strongly
urged the project team to reconsider the component ranked second. The assessment
team accepted this component as a sufficient replacement, as it also fulfilled most re-
quirements; the main difference between the two components being that number one
supported synchronous communication natively, while the number two did not. A pro-
totype was created for the now selected component to act as proof-of-concept. The
prototype fulfilled most of the requirements and the decision was made to build a syn-

chronous communication layer on top of the selected component.

Strictly speaking this ended the assessment process, however relevant for this paper is
that the attempts to build the synchronous communication layer ran into difficulties and
it was decided that this was not a viable option. Since the product had been selected
it was decided to change the scope of the project to include asynchronous systems only.
Evaluation. Although the project did not achieve its goal of providing an ESB for the
entire company, but instead was only used for integrating backend systems, and although
the costs were more than twice the budget, the assessment was considered a success, with

much lessons learned for improvements in the future.
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3.4 Method

Two published methods have been found which applies to the assessment processes in the
cases, these are the Compatible COTS Component Selection Method or CCCSM | ]
and Procurement-Oriented Requirements Engineering or PORE | ]. These are de-
scribed below, with emphasis on how the model and observed process deviate. The
description of the closest matching model, CCCSM, is then extended to better represent
what happened in the cases and most likely better suite assessments in general.

3.4.1 CCCSM

The Compatible COTS Component Selection Method by Bhuta and Boehm | ]
describes 11 steps and the transitions between them shown in figure 3.1 on page 24.
Based on the events of the cases, several extensions to the model are proposed, depicted
in figure 3.2 on page 25. The extensions to the original method are highlighted using
thick boxes and arrows. The names in Figure 1 are the original ones, the ones listed in
the following text are our own abbreviations.

Step 0: Identify OC&P. Both cases performed an extensive requirements gathering
effort before proceeding to the identification of the candidate components.

Step 1: Identify candidate components. The identification was made using infor-
mation gathered from trade fairs (case A), past experience, and publicly available
information on the internet (case B). Both aimed for finding as many candidates
as possible without regards for their viability at this stage.

Step 2: Classify into function groups. Both cases were assessing a single compo-
nent, therefore step 2 is not applicable here.

Step 3&4: Evaluate alternatives & Gather information. The gathering of infor-
mation for the evaluation was not done by buying information as proposed in the
original method. In stead the vendors provided detailed, customized informa-
tion to the assessment free of charge because of the attractiveness of acquiring a
contract with the assessing organization. The way in which the information was
solicited was different between the cases. In case A the bulk of the information
was gathered during face-to-face meetings between developers from the organiza-
tion and the vendor, this was called for because the vendors were still in the early
development stages of their respective components.

Case B invited presentations/demonstrations from the vendors that were consid-
ered viable, which were followed by a detailed questionnaire, based on the require-
ments, send to the vendors that gave a good impression during the presentations.
The answers to the questions were reviewed by project members and discussed
with the vendors.

Additionally case A asked the vendor to fill out a standardized supplier ques-
tionnaire enquiring about the financial stability of the vendor. Case B requested
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Figure 3.1: Original Compatible COTS Components Selection Method (CCCSM) | ]

references from the vendors on the short list and interviewed them about extra-
functional properties such as reliability. Discussions with independent consultant
C1 in a large company in the same domain as case A confirms that vendors are
willing to provide the requested information, although some react surprised to
these requests because other customers tend to not request such information.

Step 5: Filter out alternatives. This step resulted in two viable components for case
A and a short list with three potential candidates (with a clear preference for one)
for case B. All other components were discarded because they did not meet the
requirements, either functional or extra-functional such as maturity and reliability.

At this stage the case B management intervened and expressed their strong pref-
erence for the number two on the short list. Subsequently the preferred choice was
changed.

Step 6&7: Evaluate & Prototype. Additional information for the evaluation step
was obtained through prototyping in both cases. However in case A for both vi-
able components as well as for an in-house development a prototype was created.
In case B only the selected component was prototyped. In case A the prototyping
of both components led to the conclusion that neither would meet the require-
ments, especially those regarding interacting with the existing system, because the
structure was too different.

The prototype in case B was a success confirming that the component could fulfil
the requirements that it had expected too fulfil, which does not include the native

support for synchronous communication.

Step 6b: Filter out alternatives. This step is an extension to the original model.
This step takes as input the results from the evaluation in step 6 and determines
whether or not one or more viable components exist. This step is similar to step
5 which filters components based on the evaluation of gathered information (step
3 & 4). If one or more viable components are found the model continues to step
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8 (Preserve), as it would have done in the original model. However if no viable
components are found the assessing organization should ask itself whether the
requirements (OC&P) can be adjusted.

In case A the results of the prototypes and evaluation thereof clearly conclude
that none of the components is acceptable and thereby following the path to the
question whether requirements can be adjusted.

In case B the decision made here is less clear. The component was selected with
the knowledge that it would not be able to fulfill the requirement of being able
to handle synchronous communication without an additional layer to manage this.
Parts of the assessment team were skeptical about building such a layer. However
it was decided to continue with this component and the additional layer. So strictly
linearly speaking the decision in step 6b was that there was one viable component.
However during the assessment and the attempt to build the layer that followed it
was realized that the layer would not be able to fulfill the synchronous requirements
and the decision in this step was revisited and changed towards considering whether
the requirements could be changed.

Step 8&9: Preserve option & Decision making. Neither case explicitly preserved

the information from the process to facilitate future changes. In case A preserving
the information may not have been useful because of the rapidly changing market
situation.

Decision: Can adjust OC&P? This question was asked in both cases once it was

realized that none of the components were viable (as a result from step 6b).

In case A the requirements could not be changed because this would mean changing
the existing system the component had to integrate in which was explicitly not
allowed. Therefore the decision was made to build the component themselves.

The question of whether the requirements could be changed was raised in case B
after the decision to select the component was made because step 6b was revisited.
At this point it was undesirable to start a custom development and it was possible
to change the scope of the project to only include asynchronous systems.
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Step 10: Renegotiate requirements. This step was taken in case B when it was de-
cided that the requirements needed to be changed when the decision to select a
component was revisited. The negotiations let to a reduction in the scope of the
project so that the requirement that the ESB should handle synchronous commu-
nications could be dropped.

Unlike the original model the process did not return to step 0, in stead the process
returned to the evaluation step (step 6) preceding the filter step (step 6b) that
let to the exclusion of all components. Because of the changed requirements the
component did fulfill all requirements now and the decision to select it was recon-
firmed.

From this it logically follows that if this step had been reached from the first filter
step (step 5) the process would have returned to the evaluation in step 3 without
re-identifying candidate components and classifying them. Although it might be
desirable to re-identify candidate component when the requirements have under-
gone a major change the authors believe that in actual processes this likelihood of
this happening would be small.

Step 11: Develop a custom component. Since no viable components were found
in case A the only option left open was to start an in-house development of the
component with the desired functionality.

3.4.2 PORE

The PORE (Procurement-Oriented Requirements Engineering) method | ] describes
an iterative process in which initial requirements are defined, components are evaluated
and filtered based on these requirements, and the remaining candidates are explored to
find new requirements. This process starts out with a number of high-level requirements
and numerous potential components. After each iteration the number of components
is reduced and the depth of the requirements is increased, till finally this results in an
extensive requirements description and a single (or possibly a few) components that
comply with these requirements.
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Neither of the cases has defined their requirements in the iterative way described by
the PORE method, in stead requirements engineering process was more like described
in the waterfall model. However both cases did evaluate the potential components in
an iterative manner. Starting with the highest priority requirements and the basic
information provided by the vendor unsuitable components were removed early (case A)
or were considered but did not make it onto the long list (case B).

Especially in case B this iterative process continued by inviting vendors to present their
component, removing several from consideration, requesting vendors to fill out detailed
questionnaires based on the requirements, removing even more, and discussing the an-
swers with the vendors resulting in a short list containing three components with a clear

number one.

3.5 Implementation

The cases suggest implementing several of the steps differently from the way proposed
in the model. In particular step 4 and 7 are handled quite differently.

3.5.1 Step 4: Acquire information

In our extended model we rename step 4 to gather information in stead of buying it.
We suggest that organizations try to request as much information from the vendor as
possible, and use their leverage over the vendor (if any) to obtain this information. In
case A the direct access to developers, and possibility of a cooperative development
effort, allowed for a very direct and detailed exchange of information.

Furthermore requesting interviewing references is a good way of ascertaining difficult
to assess properties such as reliability and responsiveness. Although it should be noted
that vendors will only provide references with positive experiences and that references
have a limited amount of time available to answer questions. Finally, if the assessing
organization has a procedure for assessing suppliers in general this might very well apply
to software component vendors also.

The fact that the cases had this extend of free access to information may very well be due
to the fact that they were potentially very lucrative customers to the component vendors.
In other circumstances, where the assessing organization is smaller, vendors might not
be as inclined to provide this kind of information free of charge. The willingness to
provide information may also depend on the payment terms. If payment depends on
customizations made to the component by the vendor the vendor might be more willing
to provide information than if the payment is done once or is based on royalties.

This is confirmed by an informal discussion with independent consultant C1 working for
a large company in the same domain as case A, which describes the reaction of the vendor
to their requests for detailed information as surprised but willing. Surprised because no
other customer has ever requested that extend of detailed information, willing because of
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the size of the company and willing because the company in question is a very lucrative

customer.

In both cases the interviewees were asked how accurate the information provided by the
vendor during this step turned out to be. Both confirmed that the information provided
turned out to be accurate and complete. Neither considered the possibility that the
information provided by the vendor was anything but accurate and complete.

In the assessment stage of case B vendor developers were not directly involved. However
the interviewee describes the information provided by the vendor as part of a contract like
construction in which promises made should be upheld by the vendor if his component
was selected.

The trust the interviewees placed in the component vendors turned out to be well placed.
However it should be noted that there is not guarantee that information provided by
a vendor is both complete and accurate. Besides the attribute and the value also the
credentials should be considered. The information provided might not always be accurate
or complete therefore for every property the credentials | ] should be considered.
For important properties the values should be verified, not just taken on faith from the
vendor.

Case A treats this assessment as any other assessment of a product offered by a supplier
and therefore the company’s standard procedure for assessing the financial stability of

the suppliers is performed.

Both interviewees also mention that past experience either with assessments (case A) or
with the components being assessed (case B) is an important aspect in the assessment
and that the assessment team is constructed to include members with this experience.
When assessments are performed regularly within the same domain it may be beneficial
to determine common problems with component integration and document these for use
in future assessment. This could take the form of a checklist containing categorized and

prioritized questions which should be answered in order to assess a specific risk [ ].

3.5.2 Step 7: Prototype

Both cases show that prototyping is essential to assessing components. The cases also
show that prototyping is not necessarily an activity employed by the assessing organi-
zation alone.

In case A the developers had direct assess to the unreleased version of the components
and their developers for building the prototype. In case B several experienced integration
engineers from the vendor where hired during the construction of the prototype. Unlike
case A this service was paid for.

Having close cooperation with engineers from the vendors is not uncommon within this
type of large integration projects. Informal discussions with a independent consultant C2
working in the same domain as case B indicates that vendors may even invite assessing
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companies to their labs to build a prototype with assistance from the vendor’s engineers
free of charge if the potential benefits for the vendor are large enough.

This leads us to the conclusion that prototyping is essential in assessing a component
and that vendors tend to be willing to invest in assisting the development of such a
prototype providing the potential sale is lucrative enough. And even if they do not,
hiring vendor’s engineers for assistance in the prototyping could improve the quality of
the prototype and thus the quality of the assessment greatly.

3.6 Related Work

There is a maturing component-based software engineering discipline, and although
much literature and research focus the technical foundations | , ], many
textbooks discuss both technical and managerial issues [ , , ] and/or
include industrial case studies putting component-based systems in a larger context | ]
Only little concrete and validated research can be found on component-based processes;
typically such literature describe at a fairly high level the difference between, and non-
trivial combination of, processes for building components and building with compo-
nents [ ], or there are very detailed methods for particular aspects of assessment,
such as for reliability | ], without a larger process context. However, there is a
noticeable lack of concrete advices concerning the crucial task of component selection
and requirements engineering when building systems with third-party components. As
described earlier in the paper, we have found two such suggested processes, the Compat-
ible COTS Component Selection Method by Bhuta and Boehm | ] and the PORE
(Procurement- Oriented Requirements Engineering) method [ |. The first one, that
fits the cases presented in the present paper best, has not been independently validated
before but should be seen as a suggestion based on experience. The PORE method has
been applied rather successfully in at least two reported cases.

In order for a component to be successfully integrated it needs to fulfil the functional
requirements. However it also needs to be compatible with the system architecture. A
seminal paper published in 1995, first identified and labelled the problem of architectural
mismatch [ |, resulting in integration problems. Among the publications that fol-
lowed where papers detailing methods for assessing compatibility between components.
These methods can be divided into two categories. The first uses basic attributes of the
components, such as control structure and data topology, to determine potential mis-
matches quickly, examples are [ , , ]. The other category includes
more formal modelling approaches, in which components are modelled in order to detect
mismatches, these methods are more time consuming, but also more precise, and include
the use of process algebras [ | and ADLs | ]

3.7 Conclusion

Based on the information gathered we conclude that using the extended CCCSM (xC-
CCSM) model in combination with the incremental assessment of components, which is
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part of PORE, leads to a thorough component assessment process with a high likelihood
of selection the most appropriate component. The original CCCSM method can be used
to describe the process in both cases well. However it needs to be extended in some
areas: adding a prototype evaluation step and shorter iterations after requirements have
changed. Based on the cases we also provided recommendations for implementing the
two assessing steps.

Companies gather information in a number of ways where buying it, as suggested by
the original model, might be one. Other ways include requesting more information from
the vendor, or interviewing references. Both the original method and the cases emphasis
the importance of prototyping. However, unlike the original method, in the cases the
prototyping was actively supported by the vendors. Moreover prototyping could result
in none of the components being considered viable, if this happens the assessing orga-
nization should take similar steps as when no viable components are found after the
initial information gathering step: The organization then has to consider whether the
requirements for the component can be changed, and either change them or develop a
custom component. After changing the requirements it is not likely that an organization
will again assess the available components on the market. In stead it is more likely that
it will return to the assessment step which let to the exclusion of all alternatives.

The PORE method proposes an incremental method of obtaining requirements, select-
ing components, and then refining the requirements and selection. Although neither
of the cases obtained the requirements incrementally, both assessed components in an
incremental way in the evaluation phase. Incrementally gathering requirements might
however be very appropriate for smaller organizations that do not have the resources to
build the component in-house if none of the available components exactly matches the
requirements.

The details of the information gathering and the support from the vendors might be
different depending on the size of the company. Smaller companies may not have the
resources and/or get the support from the vendors to perform a very detailed assessment
of each component. However as one of the interviewees mentioned, a less thorough
though complete assessment does not necessarily lead to a lesser result.

The interviews also quite clearly indicate that an assessment process is not purely tech-
nical, but that a range of political, strategic, and organisational factors affect it. In case
A the primary goal of the assessment was to independently determine whether the com-
ponent should be developed in-house, as preferred by the developers, or bought from
a third-party, as preferred by management. In case B management was instrumental
in the final selection of the component, a decision that had significant impact on the
scope of the project. Engineers involved in an assessment process should not underesti-
mate the importance of these non-technical factors on the direction and outcome of the
assessment.

3.7.1 Future Work

Validating whether xCCCSM is beneficial can be done in two ways. One is to sys-
tematically apply the method in a number of assessments and evaluating the outcome.
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However we do not have the necessary resources to perform this type of validation. The
other way is to extend this case study to more cases. For that purpose we are currently
developing a questionnaire to be distributed to a large number of companies to ascertain
whether their way of working matches that of the cases and whether their results and

experiences are similar.
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Chapter 4

Case Study on In-House
Software Integration

This chapter deals with merging two or more software systems with overlapping function-
ality within a single organisation. Although the original, unmerged, systems (or parts
thereof) can usually not be considered components, the context of the merge exhibits sig-
nificant similarities with component-based development, especially when it comes to the
need for assessing compatibility. The situation, however, has several unique challenges
one of which concerns the ‘retireability’ of one or more of the existing systems.

This chapter is based on the conference paper entitled “Software Systems In-House Inte-
gration Strategies: Merge or Retire - Experiences from Industry” written by Rikard Land
in cooperation with the author of the thesis. The paper was presented at the Fifth Con-
ference on Software Engineering Research and Practice in Sweden, Visteras, 2005 and
also published as a short paper at the Fifth Working IEEE/IFIP Conference on Software
Architecture (WICSA), Pittsburgh, 2005.

4.1 Introduction

Organizations have spent large sums of money on development of software systems as
part of their core business and want to capitalize on their investment. At the same time
reorganizations and mergers force the organizations to integrate their software systems.
This leads to a variety of problems such as functional overlap and architectural and

platform incompatibility.

The software may be the core products of the companies, or a support systems for the
core business. If the software systems are mainly used in-house, performing further
evolution and maintenance of two systems in parallel seems wasteful. If the software
systems are products of the company, it makes little sense to offer customers two similar
products. In either case, the organization would ideally want to take the best out of the

existing systems and integrate or merge them with as little effort as possible.

33
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The available published experience on integration does not directly address this con-
text, where the existing systems are developed separately but now completely controlled
within a single organization. We have chosen to label integration in this context in-house
integration in contrast to other types of integration found in literature: integrating third-
party components or systems, and interoperability based on standards in open systems.
These approaches might be applicable also in the situation when an organization has
full control over the development and evolution of the systems to integrate, but there
are other options as well, such as modifying arbitrary parts of the existing systems in
order to be able to merge them, starting a new development effort based on the previous
experience, or selecting one of the existing systems and evolve it in order to replace all
existing systems. To collect all the existing experience from organizations that have faced
this challenge we have performed a multiple case study, consisting of nine integration
projects in six organizations.

Based on the case study we present four integration strategies and two concerns that are
crucial to address when selecting a strategy, which we have labelled compatibility and
(lacking a better term) retireability. The audience this paper aims for consists of both
researchers and industrial architects.

The paper is organized as follows: section 4.2 describes the methodology. Section 4.3
presents a model of four integration strategies which is used to classify the cases, which
are described in section 4.4. The cases are further analysed in section 4.5 in terms of
strategies and concerns. Section 4.6 presents related work, and section 4.7 concludes the

paper.

4.2 Research Methodology

The multiple case study | ] consists of nine cases from six organizations that have
gone through an integration process. Our main data source has been interviews. To
collect the data, people willing to participate in the interviews were found through
personal contacts. The interviews were to be held with persons in the organization who:

1. Had been in the organization and participated in the integration project long
enough to know the history first-hand.

2. Had some sort of leading position, with first-hand insight into on what grounds
decisions were made.

3. Is a technician, and had knowledge about the technical solutions considered and
chosen.

All interviewees fulfilled either criteria 1 and 2 (project leaders with less insight into
technology), or 1 and 3 (technical experts with less insight into the decisions made). In
all cases, people and documentation complemented each other so that all three criteria
are satisfactory fulfilled. There are guidelines on how to carry out interviews in order
to e.g. not asking leading questions | ], which we have strived to follow. The
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questions were open-ended, focused around architecture and processes, and the copied
out interview notes were sent back to the interviewees for feedback and approval. The
interviewees were asked to describe their experiences in their own words, as opposed
to answering questions, however we used a set of open-ended questions, to ensure we
got information about the history of the systems, problems, solutions, and more. The
questions are reprinted in the Appendix. Due to space limitations the answers are not
reprinted. They can be found however in a technical report | ], together with further
details regarding the research design. In some cases, the interviewees offered documents
of different kinds (system documentation as well as project documentation), which in
our opinion was mostly useful only to confirm the interviewees’ narratives. In one case
(F1) one of the authors (R.L.) participated as an active member during two periods (fall
2002 and winter 2004-2005).

The research can be considered to be grounded theory | ] in the sense that we
collected data to build models for previously un-researched questions, as contrasted
to validating a pre-defined hypothesis. Strictly, there is no external validity in the
traditional sense (of course the data fits the model, because the model is built from the
data); validation would mean repeating the case study and comparing the current model
with the new data. On the other hand, the new data would probably be used to modify
or refine the model, leading to the same validity problem. It has been argued that for
grounded theory research, the validation that can be achieved is a proper understanding,
which can only be judged by other researchers [ , ].

We have deliberately avoided commenting the outcome of the cases as being good or bad,
as the criteria as to how to do this are not at all obvious and are practically difficult to
determine. Problems in answering this question include: how many years need to pass
before all effects of the integration are known? How can the quality of the resulting
systems be evaluated, if at all? Or is the competitiveness and financial situation of
the company a certain number of years a more interesting measure? And by making
case studies, it is impossible to know what the result of some other choice would have
been. All value statements therefore come from the interviewees themselves, based on
their opinions based on their perception of e.g. whether time and money was gained or
spoiled.

4.3 Strategies

In order to classify the decisions made in the cases we present a model dividing the
numerous possibilities for integration into four strategies that are easily understood
analytically: No Integration, Start from Scratch, Choose One, and Merge. In reality, we
can expect that these strategies are not strictly independent; some real cases can be seen
as a combination of two, or as something in between. However we find it useful to use
this model as a framework for discussion. The strategies, especially the Merge strategy,
are discussed in more detail in section 4.5.1.

No Integration (NI) Develop existing software systems in parallel, which clearly will not
result in an integrated or common system. However it is mentioned for the sake of
completeness.
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Organization System Domain Goal Information Resources

A | Newly merged inter- | Safety-critical systems | New HMI platform to be | Interview: project leader for “next generation”

national company with embedded used for many products | development project (I,)

software
B | Organization within | Administration of Rationalizing two Interview: experienced manager and developer (Ig)
large international stock keeping systems within

enterprise corporation with similar
purpose

C | Newly merged inter- | Safety-critical systems | Rationalizing two core Interviews: leader for a small group evaluating
national company with embedded products into one integration alternatives (Ic,); main architect of one of the
software systems (Icp)
D | Newly merged inter- | Off-line management | Reusing HMI for Data- | Interviews: architects/developers (Ip,, Ipp)-
national company of power distribution Intensive Server
systems
E1 | Cooperation defense | Off-line physics Creating next generation | Interview: project leader and main interface developer
research institute and | simulation simulation models from | (Ig;)
industry today’s Document: protocol from startup meeting (Dg;)
E2 | Different parts of Off-line physics Possible rationalization | Interview: project leader and developer (Ig)

Swedish defense simulation of three simulation Documents: evaluation of existing simulation systems
systems with similar (Dg;»a); other documentation (Dgay, Diae, Deads Dres
purpose Drar)

F1 | Newly merged inter- | Managing off-line Possible rationalization | Participation: 2002 (R.L.) (Pgy,); currently (R.L.) (Pgyp).
national company physics simulations by using one single Interviews: architects/developers (Igy,, Ipin); QA
system responsible (1)
Documentation: research papers (Dgy,); project
documentation (Dgyp,)
F2 | Newly merged inter- | Off-line physics Improving the current Interviews: software engineers (I, Lpob, Lpor); project
national company simulation state at two sites manager (Ig,.); physics experts (I, Ipae)
F3 | Newly merged inter- | Software issue Possible rationalization | Interview: project leader and main implementer (Ig;)
national company reporting by using one single Documentation: miscellaneous related (D3, Dr3p)
system

Table 4.1: Summary of the cases

Start from Scratch (SFS) Start the development of a new system, aimed to replace the
existing systems, and plan for discontinuing the existing systems. In most cases (parts
of) requirements and architecture of the existing systems will be carried over to the new
system. This strategy can be implemented by buying a commercial solution or building
the new system.

Choose One (CO) Evaluate the existing systems and choose the one that is most sat-
isfactory, officially discontinue development of all others and continue development of
the selected system. It may be necessary to evolve the chosen system before it can fully
replace the other systems.

Merge (M) Take parts from the existing systems and integrate them to form a new
system that has the strengths of both and the weaknesses of none. This is, of course, a
very idealized strategy and as it will turn out the most complicated and broad strategy
of the model.

4.4 The Cases

The cases come from different types and sizes of organizations operating in different
domains, the size of the systems range from a maintenance and development staff of a
few people to several hundred people, and the demands on extra-functional requirements
are very different depending on the system domain. What the cases have in common
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though is that the systems have a significant history of development and maintenance.
The cases are summarized in Table 4.1. They are labelled A, B, etc. Cases E1, E2, F1,
F2, and F3 occurred within the same organizations (E and F). This paper focuses on
architectural issues; for processes the reader is referred to | ].

The remainder of this section describes the cases in some more detail illustrating how
strategies were considered and how one was chosen. Due to space limitations this is done
in a very brief manner.

Case A Each of the previous separate companies had developed software human-machine
interfaces (HMIs) for their large hardware products (I4.1,2). To rationalize, it was
decided that a single HMI should be used throughout the company, that is, there
was a wish to discontinue at least all but one of the existing HMIs. The two existing
systems with the highest influence had a very different underlying platform: one
was based on open source platforms and the other on commercial solutions. The
differences were maybe largest when it came to the cultural clash associated with
the platforms excluding the possibility of a Merge. As resource constraints were
not a major influence, the decisive factor when choosing between the remaining
strategies was the new consolidated set of requirements, especially larger config-
urability of the system, and the availability of new technology. Therefore, Start
from Scratch was desired by the architects over Choose One and thus selected.

Case B Two existing systems with similar functionality had to be merged in order
to reduce cost. One system was used throughout the company the other only
in one daughter-company. Discontinuing of the large system was not considered
thereby excluding Start from Scratch. The smaller system was built on the tight
integration paradigm, while the large system was build as a loose integration of
many subsystems. The difference in approach made Merging the systems infeasible,
therefore the Choose One strategy was chosen.

Case C The systems and the development staff of the organization is the largest among
the cases: several MLOC and hundreds of developers. Two such systems with very
similar functionality were being developed within the now merged company and
both were nearing release. Management did not want to retire either of them, but
wanted the best parts of both systems to form the new system within six months,
i.e. Merge. The systems were similar in many ways, but there were differences
as well: some technology choices, framework mechanisms such as failover, sup-
porting different (natural) languages, and error handling, as well as a fundamental
difference between providing an object model or being functionally oriented. The
differences prevented Merging the systems in a short period of time, but allowed
for Merging over a longer period. The architects reported to management that
the Merge would take 2 years, much longer than desired, and that a better option
was to Choose One. Eventually management changed its position so that either
(but not both) could be discontinued, allowing for the Choose One strategy which
was implemented. However the decision was not made until both systems were
independently released and deployed at customers. This caused an estimated loss
of one year of development effort of a team of several hundred developers, confu-
sion to the customers who did not know which of the two products to choose, and
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required addition effort in migrating the customers of the retired system to the
chosen one. One of the interviewees points out that although the process seems
suboptimal it is difficult to say whether other approaches would have been more

successful.

Case D The two systems, both consisting of an HMI and a server, have a common an-

cestry, but have evolved independently for 20 years. Five years before the merger
the HMI of one of the systems was decomposed into components and significantly
modernized. The other system built on more aged technologies, and around the
time of the merger the customers of this system considered that HMI to be out-
dated; it was therefore decided that the dated HMI should be replaced by the
modern one, thus Choose One. In order to do this the server that used to be con-
trolled by the dated HMI had to be changed, but thanks to the common ancestry
it was relatively easy to make the same modifications to the server that had been
made five years ago when the modern HMI was developed. The servers themselves
have not been integrated yet; they both implement the same industry standards
and the plans are to perform a gradual Merge but there are no concrete plans. In
the summary and analysis of the cases we will therefore discuss the integration of
HMIs and servers separately.

Case E1 The goal in this cooperation project was not only to integrate several exist-

ing systems, but also to add another, higher level of functionality. Retiring the
existing systems was possible since all parties would benefit from the new system.
Many of the existing systems (but not all) were written in the same language.
However, a new language was considered better suited for a higher level of system
complexity and would also bring a number of additional benefits such as reusable
code, robustness, commonality within the organization. Thus Start from Scratch
strategy was chosen.

Case E2 A certain functional overlap among three simulation systems was identified.

The possibility of retiring any, but not all, of these systems was explicitly left open,
partly because of limited resources and partly because (some of) the functionality
was available in the others. Two systems were somewhat compatible, but due to
limited resources the only integration has been reuse of the graphical user interface
of one into the other, although this was more complicated than anticipated. We
thus have some reuse but no Merge, as there are no resources and no concrete
plans for integrating these two systems into one. Although not directly replaced
by the others, the third system has in practice been retired and we consider this
case to be a Choose One strategy (actually Choose Two out of three).

Case F1 After the company merger, there has been a need to improve and consolidate

management and support for certain physics simulations with data management
mechanisms and user interfaces. Initially, three systems were considered for in-
tegration or replacement; the two possibilities outlined were a tight merge with
a result somewhere between Merge and Choose One and a loose integration in
an Merge manner, which became the decision. However, the many incompati-
bilities indicated a very long development time. It was not considered possible
to discontinue development on the existing systems before a full replacement was
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available and the limited resources and other local priorities in practice resulted
in no progress towards a common system. Currently, stakeholders are favouring
Choose One, but the scope is unclear and integration activities still have a low pri-
ority; some participants have seriously begun to question the value of integration
altogether and the result so far, after four years, has been No Integration. This
apparent lack of results is not due to lack of will or effort, throughout these years
there have been numerous attempts to identify a proper integration strategy.

Case F2 The two systems both consist of four programs run in sequence, with very sim-
ilar roles, communicating via input and output files: pre-processor, 2D simulator,
post-processor, and 3D simulator. To create a common system, it was consid-
ered possible to discontinue the first three parts, as long as there is a satisfactory
replacement, although the simulators need to be validated which makes time to
release longer. The 3D simulator is considered very large and complex to replace,
so this is not realistic within the next few years. So far there are common pre-
and post-processors; they have been rewritten, i.e. Start from Scratch, although
the post-processor started as an attempt to Choose One of the post-processors
and evolve it, but due to insufficient analysis of requirements it had to be almost
completely rewritten . Although the 2D simulators are branched from a common
ancestor, they are no longer very similar, and one of the 2D simulators is currently
being evolved to replace the other, i.e. Choose One. Parts of the 3D simulators
have been re-developed commonly, i.e. Merge. Due to the different states and
choices of integration of the four parts we will treat them separately.

Case F3 Three different software systems for tracking software issues (errors, requests
for new functionality etc.) were used at three different sites within the company,
two developed in-house and one being a ten-year old version of a commercial sys-
tem. The two systems developed in-house where somewhat compatible. All in-
volved saw a value in a common system supporting the best processes within the
company, and apart from the fact that a transition to such a common system
would mean some disruption at each site, independently of whether the common
system would be completely new or a major evolution of the current system used
there was no reluctance to the change. Being a mature domain, outside of the
company’s core business, and realizing the effort required to creating a new issue
tracking system from scratch themselves, the decision was to Start from Scratch
by acquiring a commercial system.

4.5 Analysis

Many aspects affect the choice of strategy, which will be discussed in this section.

4.5.1 Refining the Model

In section 3 we presented a model to assist us in the discussion of the cases. Based on
the cases we extend the Merge strategy, introduce two concerns that aid exclusion of
strategies, and discuss influences on the selection of a final strategy.
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Subdividing the Merge Strategy

To aid the discussion, we first present two types of Merge, labelled Instant and Evolu-
tionary, only distinguished by their associated time scale. By introducing them, some
events in the cases and some conclusions are more easily explained, although there is
no strict borderline between them. These two types of Merge should not be understood
as two strategies with distinct identities in the same sense as the four originally pre-
sented. Instant Merge (IM) With “instant” we mean that the existing components can
be rearranged with little effort, i.e. basically without modification or development of
adapters. How to evaluate and select components is the responsibility of the architect.
This strategy was desired in case C, but could not be implemented.

Evolutionary Merge (EM) Continue development of all existing systems towards a state
in which architecture and most components are identical or compatible, in order to allow
for Instant Merge sometime in the future. The architects in case C asserted that if a
Merge was desired an Evolutionary Merge was the only possibility. Case F2 clearly
demonstrates this strategy. Indications are that case Dgeryer Will also follow this path
in the future.

Concerns

Strategy selection in the cases was influenced by many factors of many different kinds,
including the current state of the existing systems, both technically and from a manage-
ment perspective, both in themselves and in relation to each other; the level of satisfac-
tion with existing systems, among users, customers, and the development organization;
the completeness or scope of the existing systems with respect to some desirable set of
features; development resources; desired time to market; the impact of retiring any or all
of the systems. To suggest a systematic procedure for selecting a strategy, one starting
point would be to identify issues that would not only suggest one or more strategies as
appropriate, but also exclude some strategies as inappropriate. Of the concerns listed, we
identified only two of these as being able to, when properly addressed, exclude strategies:
the architectural compatibility of the systems and the retireability of the systems.

Compatibility Architectural mismatch can make integration hard if not impossible | ].
In order for (parts of) systems to be integrated they therefore need to be compatible
to some extent. Also when systems are not based on components or clearly defined
interfaces, differences in the framework used can also have a negative impact on com-
patibility. Ideally systems are compatible to such an extent that it is possible to pick
the best components from both resulting in an Instant Merge. However this situation
has not been observed among the cases even though some systems share a common
ancestry or are based on common standards. In reality systems may be somewhat com-
patible possibly allowing for an Evolutionary Merge, but there are also the options to
also Choose One or Start from Scratch. If systems are totally incompatible neither Evo-
lutionary Merge nor Instant Merge is possible. We want to emphasize that compatibility
is a greyscale and there is no universal compatibility measure. Similar structures seem
to be a necessary condition as well as similar in the sense of environment that defines
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components | ]. What compatibility may mean in every new situation must be
evaluated by the architect.

Retireability Stakeholders may consider retiring a system unfeasible for various reasons,
such as market considerations, user satisfaction, or potentially the loss of essential func-
tionality. If all systems can be retired, all integration strategies are possible. If not all
systems can be retired, it is not possible to Start from Scratch because this would require
discontinuing all systems. If none of the existing systems can be discontinued, both of
the integration strategies Choose One and Start from Scratch are excluded. Table 4.2
summarizes the exclusion of strategies based on these concerns, where black denotes
exclusion of a strategy. Although compatibility is a continuous scale, for the sake of
discussion it is divided into three classes: High, Modest, and None. “High” means that
the systems are compatible to such an extend that components can be picked from ei-
ther one and combined into a new system with very little modification, “None” means
that the systems are fundamentally different, and “Modest” is somewhere in between.
Retireability is divided into All, Not all, and None. “All” means that it is possible to
retire all systems, “Not all” means that out of the two or more systems one or more
systems can be retired, but at least one can not, and “None” means that none of the

systems can be retired.

We note that evaluating compatibility mainly involves finding information and facts
about the current state of the systems, which is not the case for statements about
retireability. To what extent a system is retireable is not solely determined by the
architect, but involves the opinions of other stakeholders such as management, users,
and marketing. This also means that retireability is not a static property, but that
it can be renegotiated with involved stakeholders. This is especially true when this
concern excludes a strategy that is for other reasons considered desirable. Although
many influences on the decisions made were found in the cases, these two are the only
ones that result in the exclusion of strategies. It appears as other influences, such
as satisfaction with the existing systems, scope, available development resources, and
availability of commercial products, can not be considered in isolation to exclude some
strategies, but taken together they can motivate the choice of one strategy over another,
and also influence retireability considerations. General influences found are discussed in

section 4.5.3.

SFS | CO | EM | IM

High

Compatibility | Modest
None

All
Not all
None

Retireability

Table 4.2: The exclusion of possible strategies based on concerns (black indicates exclu-
sion)
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Retireability Compatibility
A All None
B Not all None
C (initial) None
C (final) Not all Modest
Dumvi Not all None
*Dgerver (7) Modest (?)
E1 All Modest
E2 Not all Modest
F1 (initial)
F1 (final) No None
F2pe All None/Modest (?)
*F2,p All Modest
F2post All None
*F23p None Modest
F3 All None/Modest (?)

Table 4.3: Concerns per case (question mark indicates that the information was not
available)

4.5.2 Revisiting the Cases

Table 4.3 summarizes the concerns for all cases. Table 4.4 combines tables 4.2 and 4.3 by
showing which strategies are excluded, marked with black, based on the concerns, which
was desired and (where applicable) eventually chosen, which is indicated with a circle.
Three rows in the tables (Dgerver, F22p, and F23p) are marked with an asterisk (“*7),
indicating that the systems are not yet integrated and the information summarized is
preliminary. A question mark indicates that the classification is unsure, but we have
chosen to show the interpretation that could falsify our proposed scheme, i.e. excluding
the most strategies. In case C retireability was clearly renegotiated, and in case C and
F1 the decision changed, illustrated in Table 4.4 with multiple entries for these cases
showing these iterations.

4.5.3 Strategy Exclusion and Selection

In section 4.5.1 we presented two important concerns for selecting a strategy and pro-
posed that these concerns can exclude the selection of certain strategies (e.g. if systems
are not compatible they can not be instantly merged). Table 4.4 shows that most cases
have selected a strategy that, according to this model, is not excluded. In these cases
integration was successful or is making progress. There are three rows (C’, F1’, and
F17) where a strategy was desired that was excluded, and there have in fact been sig-
nificant problems due to that: in case C the decision had to be changed, and in case
F1 all alternatives are still excluded, and no significant progress has been made. Thus,
two cases directly support our premise that the concerns compatibility and retireability
exclude certain strategies, and the other cases do not contradict it.
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A

B

C (initial)
C (final)
Dumn
*Dserver
E1l

E2

F1 (initial)
F1 (final)
F2pre
*F25p
F2post
*F23p

F3

Table 4.4: Possible and desired strategies, per case (black indicates exclusion, circle
indicates selected strategy)

The rest of this section describes observations concerning architectural compatibility,
followed by a number of influences to retireability and the final choice of strategy.

Compatibility

Compatibility, unlike retireability, is not a concern that can be negotiated or modified
because it is a static property of a collection of systems. Given an assessment of architec-
tural compatibility, it cannot be changed only because it gives a dissatisfactory answer.
There are two things however that can be done to improve the compatibility in order
to make a merge possible. First, if a subset of the candidate systems (or some subsys-
tems) is considered compatible it may be possible to change the scope of the integration
project to include only these subsystems, thus enabling the possibility of a Merge. Case
F1 exemplifies a change in scope, but unfortunately no suitable set of systems to merge
have been found. Second, it is possible to evolve one or all systems towards a state in
which they are compatible, i.e. performing an Evolutionary Merge. However, given the
time required, some other strategy may be considered preferable, as shown by case C.

A definition of architectural (in-)compatibility would be subject to the same semi-
philosophical arguments as definitions of architecture, and we will not attempt to provide
one. Exactly what aspects of compatibility are the most important to evaluate will ar-
guably differ for each new case. Some observations from the cases are provided in the
following, which can be a complement to other reports of architectural incompatibil-

ity [ I
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Similar high-level structures seem to be a pre-requisite for a Merge, i.e. if there are
components with similar roles in the existing systems. In case D, both systems consisted
of an HMI and server, which made it possible to reuse the HMI from one system into
the other. In case E2 two of the existing systems consisted of a graphical user interface
(GUI) and a simulation engine, loosely coupled, which made reuse of the GUI possible.
In case F2, the two existing pipe-and-filter structures were strikingly similar. Reuse of
components and architectural solutions into a common system in the cases is analysed
in depth elsewhere | ].

Similarity of frameworks could also be one measure of compatibility. In case F2, the
framework can be said to describe separate programs communicating via input and
output files. Two of the existing systems in case F3 were developed in Lotus Notes,
and they were, with the words of the interviewee, “surprisingly similar”. In case C,
the hardware topology and communication standards define one kind of framework.
One common source of incompatibility in systems is differences in the data model. Both
syntactical and semantically differences can require vast changes in order to make system
compatible. This has been a recurring problem in case F1. In case F2, a new data model
was defined and the existing systems adapted. In case F3, the three existing systems all
implemented similar workflows, however the phases were different.

Some systems in the cases shared a common ancestry (cases D and F2) or were based
on common standards (C and D), but in no case were the systems compatible enough to
allow for an Instant Merge. This indicates that these factors in themselves do not guar-
antee total compatibility. As compatibility is not re-negotiable, and has such profound
impact on the possible integration strategies, it must be carefully evaluated and com-
municated prior to a decision. Obvious as this may sound, the cases illustrate that this
is not always the case. In case C, management insisted on an Instant Merge, although
considered impossible by the architects resulting in several hundred person-years being
lost. In case F1 an Evolutionary Merge was decided upon because the systems could not
be retired, even though the systems were incompatible, resulting in no progress after 4
years of work. The decisions were, when considered in isolation, perfectly understand-
able: it is easier to not bother about the complexities associated with retiring systems,
and it is easier to assume that technicians can merge the systems. This is a typical
trade-off situation with no simple solution.

Retireability

Retireability, unlike compatibility, can be reevaluated or renegotiated. While all cases
considered the retireability of their existing systems this is an integral interwoven part
of the decision process and is often not done explicitly. However it appears that cost
plays an important role in the decision on retireability. Cost has many aspects; we will
discuss several of them.

Existing systems represent a value to the company. Throwing away something that is
known to work is often not an appealing option because it would mean discarding part
of the investment. Some of the systems discussed represent hundreds of person-years
of development. Also discarded parts would have to be replaced, requiring another
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investment. The organization, at present, may not have the necessary resources to do
this. In case F2 implementation and validation of a 3D simulator (Start from Scratch)
would take the better part of 10 years, while an Evolutionary Merge, even though the
systems were not totally compatible, was estimated to take less time and therefore
preferred.

Another aspect that affects retireability is satisfaction. Satisfaction is very broad and
can involve many stakeholders (architects, users, management, etc.) and many aspects
(functionality, architecture, performance, modifiability, etc.). When one or more of the
existing systems are considered dissatisfactory there is a tendency to favour replacing
the dissatisfactory system(s). If some of the existing systems are considered aged, they
are candidates for retirement, i.e. Choose One or Start from Scratch, as was the case
for the HMIs in case D (Ipp:3).

Selection of a Strategy

Start from Scratch can be implemented as either build in-house or acquire an external
system. If the domain is mature and the software systems are not core products but
supporting the organization, it may be well worth to transition to a commercial or open
source solution. This was the case in case F3, where a commercial software issue tracking

system was acquired.

Most organizations have formalized processes for development, evolution, and retirement
of software systems, and these strategies can be cast in these terms. No Integration
means the existing systems are evolved independently. If Choose One is possible to im-
plement, it appears to be the simplest strategy as it only involves retiring some systems.
Start from Scratch means planning the retirement of the existing systems while starting
a new development project. Evolutionary Merge cannot readily be expressed in terms
of existing processes, which might indicate that it is more difficult to implement, espe-
cially since it often involves a long time scale. Once again though, the costs must be
weighed against other influences. Availability of resources, such as time, money, people,
and skills, has a big influence on the choice of strategy. Fundamentally, the architect
and the organization must ask whether a certain strategy can be afforded. Even if the
expected outcome would be a common, high-quality system, the costs could simply be
prohibitive. In case E2, resource constraints resulted in some integration of two existing
systems, and the retirement of the third system without replacement.

The question ‘Do we want one common system?’ is a very fundamental question and a
positive answer to this is usually the starting point of the integration project. One fun-
damental reason we do not have an example where No Integration was selected explicitly
is that the selection of cases was based on their actually trying some sort of integration.
However, case F1 illustrates the situation when the existing systems are incompatible
and cannot be discontinued, which leaves only strategy No Integration. In this situation,
either retireability has to be reconsidered (together with the associated costs, assignment
of resources, etc.) or the fundamental question about the value of integrating at all has
to be revisited (Ip1p:3, IF1c9)-
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4.5.4 Feedback

There are numerous sources of influences both on whether any of the existing systems
can be retired and on the selection of a strategy. It is almost impossible to distinguish
between how the factors mentioned influences the retireability decision, which is often
not made explicitly at all, and how these factors were re-evaluated given the resulting
set of possible strategies. In case C, this feedback was fairly explicit: faced with the time
needed for an Evolutionary Merge (the only available possibility), it was decided that
retiring one system would cause less harm, and the decision could be changed to Choose
One. However this decision took quite some time to reach resulting in a cost of at least
several hundred person-years. Although is it impossible to predict what the outcome
would have been if the decision to retire was taken earlier it is likely that it would
have saved a lot of time and thus money. In many other cases analyses, decisions, and
reconsiderations were more interleaved. We believe that all influencing factors involved
in this feedback should be based on a proper analysis, documented explicitly, and made

in a timely manner.

4.6 Related Work

Existing research in related areas is presented below, starting with software integra-
tion, continuing with software architecture and architectural evaluation methods, and
strategic planning.

4.6.1 Software Integration

In our previous literature survey | ], we found that there are two classes of research
on the topic of software integration:

e Basic research describing integration rather fundamentally in terms of a) inter-

faces | , , ], b) architecture | , , ], architectural
mismatch | ], and architectural patterns | ) ) ], and
¢) information/taxonomies/data models | ]. These foundations are directly

useful in this context.

e There are three major fields of application: a) Component-Based Software En-

gineering | , , , ], including component technologies, b)
standard interfaces and open systems | , ], and ¢) Enterprise Applica-
tion Integration (EAI) | , ]. These existing fields address somewhat

different problems than ours:

— Integration in these fields means that components or systems complement
each other and are assembled into a larger system, while we consider systems
that overlap functionally. The problem for us is therefore not to assemble
components into one whole, but to take two (or more) whole systems and
reduce the overlap to create one single whole, containing the best of the
previous systems.
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— These fields typically assume that components (or systems) are acquired from
third parties controlling their development, meaning that modifying them is
not an option. We also consider systems completely controlled in-house, and
this constraint consequently does not apply.

— The goals of integration in these fields are to reduce development costs and
time, while not sacrificing quality. In our context the goals are to reduce
maintenance costs (while not sacrificing quality).

There is no existing literature that directly addresses the context of the present research:
integration or merge of software completely controlled and owned within an organization.
While we certainly can and should utilize the knowledge and approaches of these fairly
mature fields, our research fills an apparent gap.

The architect is considered being the person who understands the language and con-
cerns of other stakeholders [ , ], and/or the person who monitors and decides
about all changes being made to the system to ensure conceptual integrity and avoid
deterioration [ , ]. The academic focus of software architecture has been the
(static) structure of the system, in terms of “components” (or “entities”) and “connec-
tors” | , , ]. The present paper describes many important issues an
architect needs to consider during in-house integration, which only partly involves the
structure of the existing systems.

There are several proposed methods for architectural analysis, mainly designed to be
used during new development, such as the Architecture Trade-Off Analysis Method
(ATAM) and Cost-Benefit Analysis Method (CBAM) | ]. Closely related to our
description of compatibility is the seminal “architectural mismatch” paper, which points
out many issues to be assessed as part of the architectural compatibility [ ]. Also
related to assessing architectural compatibility are architectural documentation good
practices | , , ]. Tt has been observed that a similar structure of the
existing systems is a necessary but not sufficient condition for compatibility | ].
There exist catalogues of generally useful structural patterns, however these are specifi-
cally intended for use during new development | , , ].

Many issues are not purely technical but require insight into business, and many deci-
sions require awareness of he organization’s overall strategies. Strategic planning (and
strategic management) is known from business management as a tool for this kind of
reasoning, that is to systematically formulate the goals of the organization and compare
with the current and forecasted environment, and take appropriate measures to be able
to adapt (and possibly control) the environmental changes [ , ]. In our case,
investigating retireability clearly fits within the framework of strategic planning, by ex-
plicitly considering the money already invested, existing (dis)satisfaction, risk of future
dissatisfaction, estimated available resources, and weigh this based on the perceived
possible futures. In fact, the whole process we have described, and perhaps much of an
architect’s activities should be cast in terms of strategic planning such as the PESTEL
framework or the Porter Five Forces framework [ ]. (It should perhaps be noted
that our term “integration strategy” is a plan, which is not synonymous to a company
strategy in the sense of strategic planning.)
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4.7 Summary and Conclusions

In this paper we present strategies an organization may select when faced with two
or more systems with similar functionality, of which the source code is available and
changes can be made. The strategies are based on actual integration projects and are:
No Integration, Start from Scratch, Choose One, and two types of Merge: Evolutionary
Merge and Instant Merge.

No Integration describes the situation in which no process towards a common system is
made. Start from Scratch involves either a new development process or the acquisition
of a commercial product while retiring the old systems, Choose One means selecting one
system to replace the others, and Merge will see components from both existing systems
combined into the new system that replaces them. Evolutionary Merge seems to be the
most complex strategy to implement, and Instant Merge seems to be theoretical, possible
only in the rare situation of systems with very similar structures, built using the same
or very similar technologies, standards and other conventions. Instant Merge strategy
was the only strategy not observed in the cases, although it appears this sometimes is
what management has in mind when demanding a merge of the existing systems into

one.

There are two concerns to consider which will limit the set of strategies that can possibly
by selected, namely architectural compatibility and retireability.

There is no exhaustive definition of architectural compatibility, but some observations in
the cases are that the structures, data models, and environment that defines the compo-
nents must be similar. Standards and a common ancestry can make systems somewhat
compatible, although it is not a guarantee for total compatibility. Besides that compati-
bility is very system specific and should be thoroughly analyzed by the architects before
choosing a strategy to avoid problems during integration. With somewhat compatible
systems, Evolutionary Merge is possible but Instant Merge is not. If the systems are not
compatible at all neither of the Merge strategies are possible.

Determining the retireability of the existing systems depends on numerous factors. Major
influences found in the cases were investments made, cost, satisfaction, time to market,
and available resources. Typically there is a tight feedback loop between evaluating
these influences and the resulting possible strategies. Hurdles in this feedback loop,
either because architects are unable to communicate their findings to management or
because management delays taking decisions, cause the integration cost to increase. If it
is not possible to retire all existing systems this excludes Start from Scratch as a possible
strategy. If some of the existing systems can be retired, it is possible to Choose One. If
none can be retired this leaves Merge as the only possibility.

The worst case scenario is that the existing systems are considered impossible to retire
and are also incompatible. This leaves no strategy left but No Integration, which of
course brings none of the potential benefits from integration. This was observed in one
of the cases.

Drawing on the experiences from the cases, we suggest that future architects together
with other stakeholders make these influences explicit thus making strategy selection
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faster, better founded, and decrease the cost associated with uninformed decisions. The
message to management is that delaying a decision comes with a cost.

4.7.1 Future work

We have also analysed the reuse of components and architectural solutions into a com-
mon system elsewhere [ ], as well as good practices for the strategy selection
process | ]. We would like to compile a more complete catalogue of different as-
pects of architectural compatibility, for example by investigating structural patterns and
styles [ , , | suitable for Merge, the environment defining the
components, and the impact of cross-cutting concerns whose implementation is scattered
throughout the system. This would also provide insight in how to make Evolutionary
Merge closer to the desired Instant Merge.
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Chapter 5

Validation of Research

This chapter describes the validation of the research described in the previous three chap-
ters by means of a validating questionnaire among software engineers/architects in in-
dustry.

5.1 Introduction

Previous research has resulted in several unanswered questions. First several methods for
assessing compatibility between component based on either attributes or formal models
exist. Some of them include a prototype tool to assist in using the method. However
whether these methods are or can be used in real-world software engineering remains
open.

Second a process model for a component assessment has been proposed. It is called
eXtended Compatible COTS Components Selection Method (xCCCSM) and based on
a model by Bhuta and Boehm (chapter 3) extended using the experience from two case
studies. However the validity of the process model can not be established based on these
two cases.

This chapter describes a questionnaire aimed at answering the two questions above and
validating the research in the previous chapters by researching whether the informa-
tion found is representative and therefore can be generalized to software engineering in
general.

This chapter describe the goal of the research, the method used to perform the research,
the design of the questionnaire, and the results. The method used is described in section
5.2. The goal of the research which led to the questionnaire is described in section
5.3. The design of the questionnaire is import to demonstrate its validity, however
readers interested only in the outcome can skip its description in section 5.4 and continue
with section 5.5 which contains a detailed description of the results obtained from the
questionnaire. The results are summarized and discussed in the conclusion in section
5.6.

o1
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5.2 Research Method

The validation is done through a questionnaire distributed among software engineers.
Since the questionnaire aims to validate the research, the questions are formulated in a
neutral, non-leading way, as to not influence the respondents.

From the conclusions of the previous chapters a number of hypotheses were created.
Based on the hypotheses the questionnaire was constructed. The first part of the ques-
tionnaire deals with the respondent’s background and company in order to allow the
results to be put in context. The other parts contains questions about different aspects
of a component assessment.

The questionnaire and the raw results are included as appendix C and D in order to
allow for independent verification of the conclusions.

5.3 Goal

The state-of-the-art survey in chapter 2 and the xCCCSM method in chapter 3 are
founded on theoretical research, and although the xCCCSM method is based on in-
terviews with practitioners, neither the surveyed techniques or the proposed method
necessarily has a relation with real-world software engineering.

In order to establish the relationship between this research and real-world software engi-
neering a validation of at least xCCCSM is necessary. In order to do that I first present
a number of hypotheses based on the previous chapters.

Hypothesis 1 Prototyping can lead to the conclusion that the component(s) under
study are unsuitable.

This hypothesis validates the addition of step 6b in the xCCCSM, which states that
the results from the prototyping should be evaluated and that this can lead to none
of the components being considered suitable. Rather then the original CCCSM where
prototyping is assumed to always result in a suitable component.

Hypothesis 2 Published techniques to assess compatibility between components are
not used.

This hypothesis states that none of the techniques found in the survey described in
chapter 2 are used in software engineering in practise. Although it would be nice if this
hypothesis was proven wrong, the interviews with the two engineers and two consultants
in chapter 3 suggest that that is not the case and that this hypothesis is very true not
just for the techniques surveyed, but for published techniques in general.

Hypothesis 3 The information provided by vendors about components does not con-
tain the information necessary to establish compatibility.
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In order to analyse of compatibility, either in a formal or informal way, certain infor-
mation is required. This information includes the architecture of the component, or
at the very least its design, and often also requires non-functional properties, such as
performance. The hypothesis states that such information is not provided by vendors
and thus architectural compatibility is difficult to assess from the information provided.

Hypothesis 4 The formality of the assessment process depends on the importance of
components to the organization

The formality of the assessment process is indicated by the amount of effort spend on
the process of requirements analysis, gathering information, assessing and testing com-
ponents. Indications for a formal process are documented and prioritized requirements
containing not only functional aspects but also non-functional once such as performance,
the use of guidelines, methods, and external expertise. The opposite of a formal process
is a more ad-hoc process in which requirements are refined informally, based on the
available components.

The hypothesis states the higher the risks for the organization are in case the assessment
results in an incorrect decision the more formal the process will be. Examples of high
risk related to components are a major product of the organization depending on the
success of a single component, or a product which uses a large number of components,
or for which a large part of the functionality is implemented by components.

Hypothesis 5 Vendor support depends on how lucrative the deal is for the vendor

All interviewees in chapter 3 indicates that vendor support depended on how lucrative
the potential deal with the assessing company would be when their component was se-
lected. The increased vendor support was noticeable in the speed the vendor responded,
the extend of the extra information provided, the extend to which the vendor partic-
ipated in prototyping, and the price the vendor required for these additional services.
In one interview a very lucrative deals were supported with free access to customized
information, in another with assistance in prototyping free of charge.

5.4 Design

The initial idea was to validate the research by the author performing a small integration
project testing the compatibility assessment techniques and assessment method. How-
ever many of the hypotheses can only be fully assessed when tested in a larger project.
Especially those about the responses by vendors towards larger companies can not be
verified by a small one-person project. Instead a questionnaire specifically aimed at
validating the research is a better way of validating the research.

In order to be properly validate the research the questionnaire needs to be specific and
answered by a large differentiated group of software engineers. To make answering the
questionnaire as easy as possible it was decided to construct an digital questionnaire,
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easy to fill out, and fast to return. The added bonus is that data entry is not necessary,
excluding a possible source of errors and reducing time required.

Traditionally digital questionnaires have used web forms to ask questions, however this
requires the participant to actively go to the website and identify himself in some way.
These additional steps for a barrier, which can reduce the response rate to the question-
naire. In stead the questionnaire was designed as an Acrobat PDF file, which has the
possibility to embed interactive form fields, and to return the answers by mail in a very
transparent way to the user.

The full questionnaire can be found in appendix C.

5.4.1 Questions

General

The first 11 questions are designed to give a general overview of the respondent and the
company he works for. They include questions about the number of years of experi-
ence, (1, 2) the respondents current position (3), the size of the company in number of
developers (4), the domain(s) the company is active in (5), the percentage of projects
that succeed within reasonable time and budget (6) and whether they use third-party
components (7). If the answer is positive he is asked how much of the end products
consists of such components (11). If they do not use third-party components the respon-
dent is asked whether he uses internally developed components (8), why he does not use
third-party components (9) and asked whether he has considered using them (10). If the
answer to the latter is positive he continues with the remaining questions, if it is not he
is asked to skip to the last question and submit the form.

After that, through out the questionnaire the respondent is asked how much time is
spent on an activity and how successful he considers himself/the company to be at this
activity. These two questions are asked for the following activities: gathering information
(36, 37), component assessment (44, 45), testing (54, 58), and integration (63, 64). For
integration the respondent is also asked to judge how successful projects are on average
(62).

The respondents have the possibility to add comments in specifically designed comment
boxes at the end of every section. At the end of the questionnaire the respondent is
specifically asked to add any additional information or comments (65).

Hypothesis 1

Prototyping can lead to the conclusion that the component(s) under study are unsuitable.

The main extension of the original CCCSM in xCCCSM is the addition of the evaluation
step after the prototyping stage. This step is necessary because in the cases prototyping
let to more information then was uncovered while gathering information and let to the
conclusion that the components were not suitable. This hypothesis aims to support
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that assumption. Questions 56 and 57 are designed to confirm the hypothesis by asking
whether testing in general, including prototyping, has let to the a promising component
being considered unsuitable. The questions leading up to 57 (specifically 46-50, 55) are
designed to gather specifics about the kind of prototyping and testing that is performed.
Finally questions 59 and 60 inquire whether problems are encountered during integration
and whether they could have been prevented with more testing and/or prototyping.

Hypothesis 2

Published techniques to assess compatibility between components are not used.

In a general questionnaire aimed at a diverse population it is difficult to ask whether
developers use formal methods, since the definition of what constitutes a formal method
might not be known, or uniformly understood. Therefore questions 39 and 40 ask
whether the engineer uses methods and/or techniques to assist in the assessment and if
so which ones to provide the widest possible range of answers, which will hopefully be
understood to include formal methods if they are used in the company. The risk with
asking such an open question is that respondents do not know what to answer or skip
to question more easily then they would a closed question. However considering the
circumstances no more specific question can be included.

Related to this hypothesis is question 38, which asks whether respondent use guidelines
for performing the assessment, which might indicate that the company mandates some
kind of process, technique, or tool.

Hypothesis 3

The information provided by vendors about components does not contain the information
necessary to establish compatibility.

In order to determine whether the information provided can actually be used for architec-
tural compatibility analysis several questions are asked intended in obtaining the type,
source, and quality of the information that comes with components. Question 26 asks
where the initial knowledge of the existence of the component is obtained. Question 27
asks about the type of information provided with the component, suggestion several al-
ternatives and providing a large input field for additional information. Questions 28, 29,
and 30 ask for the quality, completeness, and correctness of the documentation provided.
Finally questions 35 inquires to additional sources of information.

Hypothesis 4

The formality of the assessment process depends on the importance of components to the
organization.

The questionnaire contains 19 questions about the process followed while assessing com-
ponents.
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Starting off the respondent is asked how much of the end product consists of third-
party components (11). Concerning requirements the respondent is asked whether he
compiles an extensive requirements specification before searching for components (12).
The next question they need to answer depends on whether they do or not, but the
questions are essentially the same, but asked from a different perspective. Questions
include whether requirements include non-functional requirements (14, 21) and whether
requirements are changed during development (16, 17, 22). If a detailed specification is
created the respondent is asked whether requirements are prioritized (14) and whether a
less thorough process would suite better (18). If no detailed requirements are specified,
but some basic requirements exist (19) the respondent is asked whether they are written
down (20) and whether requirements are evolved while selecting components (22, 23).
Also the respondent is asked why no detailed requirements specification is created (24)
and whether he feels writing a requirements specification would improve the process
(25). The latter two are also asked when no requirements exist.

The four questions about the process of assessing components include whether guidelines
exist (38), which methods and/or tools are used (39, 40), if the processes is iterative (41)
and whether non-software related expertise is involved (42, 43).

Finally question 61 asks whether the requirements and/or scope of the project change
based on problems encountered during integration.

Hypothesis 5

Vendor support depends on how lucrative the deal is for the vendor

Determining whether an organization is lucrative for a component vendor is difficult to
determine in a general survey like this one. However we assume that this can be deferred
from the company size (4) and the amount of components used (11).

In order to determine whether the company size has influence on the vendor the ques-
tionnaire contains 7 questions, 4 about gathering information and 3 about prototyping.

We would like to know whether more information then provided is necessary to make
the initial assessment (31), if so how often is this the case (32), how willing is the vendor
to provide this additional information (33), and how fast is it provided (34).

Regarding prototyping the questionnaire inquires as to whether vendors assist in proto-
typing (51), and if so whether this service is provided free of charge (52), and whether
this results in additional information (53).

5.4.2 Distribution

The questionnaire is distributed to two distinct groups of people. The first group are per-
sonal contacts of the author including architects, researchers and developers at companies
developing embedded system for industrial use or consumer electronics, and consultants
either working at a consulting firm or independently. In total this group consists of 19
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people, several persons in key positions were also asked to distribute the questionnaire
to people they thought would be interested in filling it out.

The second group consists of companies in the IT sector of Teknikbyn, Vésteras Tech-
nology Park. These are in total 23 companies and the questionnaire was send to email
addresses gathered from the respective websites, in total 38 emails.

5.5 Results

5.5.1 General

Questions 1 though 6 where designed to obtain information about the respondents and
his company. A large majority of the respondents (74%) has 10 years of more in software
development. The other six have between 1 and 10 years of experience, none of the
respondents have less than 1 year of experience. When looking at the number of years
a respondent has been in his current position this is fairly evenly distributed over the
categories up to 10 years. Only 2 respondents have been in their current position for
over 10 years, however both work as consultants in fairly different organizations.

Figure 5.1 shows the respondent’s positions. The total number of responses is higher
than the number of respondents because multiple answers to this question were possible.
The results show that most respondents are working as architects. This is most likely
due to the fact that most questionnaire were distributed to people which are known
software architects as described in section 5.4.2. Although the respondents clearly do
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not represent a cross-section of software engineers the fact that they are familiar with
software architecture and the fact that most of the respondents have also occupied
other jobs in the past should allow for generalization of the results. The most common
jobs combined with architect are manager (7 times), designer (6), programmer (6), and
requirements analyst (5). Under “Other” the following professions are listed: researcher
(4 times), security specialist (2), and process improvement change agent (1).

The company size in number of software developers is plotted in figure 5.2, showing
that a large majority of respondents (65%) are either working in very small or very large
companies. This is again caused by the means of distributing the questionnaire. Because
only very few medium sized companies are reflected in the responses to the questions this
potentially makes it difficult to generalize all results to companies of all sizes. However
in some cases we argue that a result that holds for both small and large companies also
holds for medium sized companies. The size of the company the respondent works for
is not always representative for the company he performs the assessments in. At least
one respondent works for a one-man consulting company but exclusively consults for
very large organizations. The other way around, in which architects working for larger
companies are mainly involved in projects for smaller companies, might also be possible,
but there is no know occurrence of that among the respondents.

As shown by graph 5.3 the respondents work in all domains of software engineering.
Almost all respondents indicated that they worked in multiple domains. Two indicated
that they work in all domains. Common combinations are, not surprisingly, real time and
embedded (7 times), and business systems and consulting (5 times). The combination
business systems and either real-time or embedded occurs 3 times. Only one respondent
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did not find any of the domains matching his field, which is developing software for
simulations to support quality of the core product of his company.

Question 6 was designed to determine the maturity of the organization by asking how
many projects were completed within set time and budget. Since only very few projects
actually are, the questions was formulated to ask how many projects where completed
within twice the time and twice the budget. About 1/3 is unknown, in over 1/3 of the
cases 75 to 100% of the projects are completed within the specified time and the other
third less than 50% of the projects are completed within the specified time and budget.

Of the 23 two respondents filled out that they had Never used or considered using
components, the other 21 did use components. The remainder of this section will deal
with the answers from those respondents that did use components.

Figure 5.4 shows on average how much of the end product consists of third-party com-
ponents. The answers vary greatly, and several respondents note in a comment that it
is difficult to say because it varies much between projects. It is worth noting that the
respondents that implement an end product with more than 50% third-party compo-
nents all work for very large organizations (> 500 developers) that have recognized the
importance of components and have developed specific expertise in this area. The re-
spondents that use between 0 and 10 percent third-party components all work for small
(< 50 developers) companies. However this can not be generalized because the survey
also shows small companies using between 25 and 50% components and large companies
using between 10 and 25% components.

The pie chart in figure 5.5 shows how many respondents write requirements before search-
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ing for components and what kind of requirements. About one fourth write detailed
requirements and three fourths basic requirements. These basic requirements are more
than Often documented. None of the respondents starts looking for components without

at least a basic idea of the requirements.

5.5.2 Testing the Hypotheses

Hypothesis 1

Prototyping can lead to the conclusion that the component(s) under study are unsuitable.

Out of the 21 respondents that use third-party components, all but two test these com-
ponents. Of the remaining 19 all but one uses prototyping to do so. Three fourth uses
prototyping Often or Always, only 3 use is Sometimes. Respondents tend to favour pro-
totyping of combination of components over prototyping individual components, about
44% scores individual as rarely while scoring combined as Often. The median response
for individual prototyping is Sometimes (3), and Often (4) for the combination, see
figure 5.6.

When asked whether testing, including prototyping, changes the respondents opinion of
the suitability of the components the majority of respondents answer Often or Always
(74%), none of the respondents indicate Never as shown in figure 5.7. Over 50% scores
Sometimes when asked whether testing leads to the conclusion that the component does
not meet the requirements. Only one person scored Never, which could be explained by
the small size of the components the respondent use and the fact that they tend to not

interact with each other.

The fact that the questionnaire shows all respondents have had their opinion about the
suitability of the component changes because of testing and the fact that the overwhelm-
ing majority (95%) of the respondents that do test use prototyping, strongly supports
the hypothesis.

The results would most likely be even higher if testing was used more often or more
extensively, as indicated by the responses to question 60: over 80% of the respondents
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indicate that this could prevent problems during integration. Something all experience

sometimes, and a large minority (38%) Often or Always.

The results clearly support the hypothesis and thus we can state the prototyping does
lead to new insights and can lead to the conclusion that the component is unsuitable

after all.

Hypothesis 2

Published techniques to assess compatibility between components are not used.

Eleven (52%) answer that they never use methods and/or tools to assist in component
assessment. Three (14%) use them Often, in all three cases the methods used are com-
pany mandated checklists or guidelines. All other (33%) use them Rarely or Sometimes.

So although one of the respondents mentioned a scientifically based technique for as-
sessing economical tradeoffs in components none mentioned any technique related to
assessing compatibility. Therefore we can conclude that the hypothesis is strongly sup-
ported and no techniques such as the ones described in chapter 2 are used among the

practitioners that were surveyed.

Hypothesis 3

The information provided by vendors about components does not contain the information

necessary to establish compatibility.
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Question 27 was specifically designed to answer this question by asking which kinds of
information are provided with a component and allowing the respondents to score this 1
(Never) to 5 (Always). The differences for the types of documentation are significant as
shown in figure 5.8. For both interface description and usage examples over 80% scores
either Often (4) or Always (5), the remaining respondents score Sometimes (3). For
architectural description, design documents, and non-functional documentation over half
the respondents score Rarely (2) or Sometimes (3). For design documents this number

is even over 80%.

The questionnaire also contained a number of questions about the quality of the docu-
mentation provided and other sources of information besides documentation. The quality
of the documentation could be scored bad (1) to excellent (5).

Two-thirds of the respondents indicate that the quality of the provided documentation
is average (3), only 3 respondents (14%) indicate the quality as above average, notable
is that two out of these three also scored Often on the availability of architectural
documentation. The scores on the completeness of the documentation are even lower,
here all respondents score either below average (2) or average (3), with only slightly more
than half (61%) scoring average. The correctness of the documentation is considered to

be better, here 85% scores either average (3) or above average (4).

When asked where initial information about components is obtained Internet scores very
high with an Often or Always in all but 4 cases (81%), professional literature scores quite
high as well with half the respondents consulting it Sometimes or Often. Slightly less
used it word-of-mouth which scores an average of Sometimes. Trade fairs score the lowest
with only most people using the Rarely and only four Often. The results are plotted in
figure 5.9.
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Once a component is selected for assessment the sources of information consulted other
then documentation include information from colleagues which is used Sometimes or
Often in over half the cases. References are uses less often, but still half the respondents
use them Sometimes or more. Commercial evaluators are used the least with an average
of Rarely.

The results of the questionnaire support the hypothesis that high level documentation
such as architectural or design descriptions and non-functional properties are only sel-
dom available. Since these contain the information necessary to establish architectural
compatibility beforehand the hypothesis that the information necessary to establish com-
patibility is not provided by component vendors. Instead practitioners seem to rely heav-
ily on experience from colleagues, either from within the organization, or as mentioned

explicitly several times through the internet.

However there are five notable exceptions, that do indicate that architectural description
are Often available. What three out of these five have in common is that they work for
very large companies (500+ developers) and all of them indicate that the end product
consists of between 50 to 75 percent third-party components.

Hypothesis 4

The formality of the assessment process depends on the importance of components to the
organization.

The measure of formality used in the analysis is a summation of the scores of the ques-
tions that indicate formality minus the scores of the questions that indicate the opposite.
Questions that are answered Yes/No as assigned a score between 1 and 5 depending on
their impact to formality. The questions that contribute positively to the summation
are (with in between brackets the assigned score for Yes/No questions): 12 (5), 13, 14,
19 (2), 20, 21, 38 (5), 39, and 42. Questions contributing negatively are: 16, 22, 41, and
61.

The formality score is set against a number of questions that are thought to have a
relation with the importance of the components to the organization. These questions
are:

e Company size (4)

e Percentage of third-part components in end product (11)

The assumption underlying the choice of these two variables is that larger companies
have larger products, tougher quality requirements, and more demanding customers and
therefore finding correct components is of more importance to them. Similarly organi-
zations that use a large number of components rely heavier on the correct assessment of
these components then companies that use fewer component. In both cases in order to
reduce risk, it is expected that the organization uses a more formal approach.

In order to detect whether the formality depends on other aspects then mentioned in
the hypothesis it is also checked against:
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e Experience of respondent (1)
e Existence of architectural information (27)
e Vendor support (33, 34, 52)

e How good respondents consider themselves at integration (45)

The formality of the requirements gathering process and the assessment process itself
were also considered separately.

From the above variables the only one that shows a positive relation with the formality
of the process with a correlation coefficients of 0.5 or higher is the relationship between
formality and percentage of third-party components used, which has a correlation coeffi-
cients of 0.81. None of the other variables including company size show a distinguishable
correlation with the formality.

The hypothesis is supported, providing the assumptions that percentage of third-party
components is a good indicator for the importance of correct components to the organi-

zation.

Hypothesis 5

Vendor support depends on how lucrative the deal is for the vendor

The questionnaire deals with vendor support when it comes to providing more assistance
then normal when it comes to providing additional information (questions 31, 32, 33
and 34) and support during prototyping (questions 51, 52 and 53). As stated before
the lucratively of the deal between a company and vendor is difficult to assess in a
general survey like this one. However we assume that company size and percentage of

components used are indicators.

Out of the 21 respondents 19 required more information from the vendor then initially
provided. Of these respondents 74% needs additional information Often or Always.
And only 11% needed it Rarely. The willingness of the vendor to provide additional
information is considered by 79% to be average (3) or above average (4). Only 16%
judges this as below average. The speed with which the information provided is not
considered this high, in stead 84% considers this either below average (2) or average (3).
When set against the company size or the percentage of components used there is no
clear correlation between the indicating for the lucratively and the indicator for support
of the vendor which is a summation of the willingness and the speed.

When looking at vendor support during prototyping the answers vary considerably be-
tween respondents but also no correlation can be found between this and either the
company size of the percentage of components used.

The fact that the data does not support the hypothesis could be caused by several
factors. First of all the company size and the percentage of components used might not
be a good indicator for the relationship between the company and the vendor. A better
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measure would be the relative size of the assessing organization compared to that of the
component vendor and the amount of money involved compared to the vendor’s turnover.
However such data can not be obtained in a general questionnaire, only through specific
case studies such as the interviews described in chapter 3.

Another aspect is that the scale used in the questionnaire is rather subjective, it could
very well be that developers at smaller companies have lesser expectations from compo-
nent vendors and therefore score the willingness higher.

5.6 Conclusion

The results from the questionnaire confirm the first four out of five hypotheses. Indicat-
ing that the research that the questionnaire was aimed to validate is indeed valid, i.e.
the process as described is actually useful, or already partly being used, in practise.

The results once again underline the importance of prototyping, especially prototyp-
ing multiple components to learn more about their interactions. All respondents indi-
cate that prototyping has led them to change their opinion about the suitability of a
component. So although the information gathered about the component did indicate
compatibility, the results from the prototyping indicate the opposite.

As assumed in chapter 2 scientific techniques for assessing compatibility of components
are not used. This is most likely due to the fact the the information necessary to assess
the compatibility, which includes architectural description, design document, and non-
functional properties, is not available as indicated by over half the respondents scoring
either Rarely or Sometimes when asked whether this kind of information was available.

The formality of the assessment process can be linked to the importance of third-party
components in the organization, however the importance does not depend on the size
of the company, rather on the percentage of third-party components used in the end
product.

The fifth and last hypothesis (Vendor support depends on how lucrative the deal is for
the vendor) is not supported by the response to the questionnaire. However we believe
that this is due to inability of the questionnaire to ascertain the lucratively of the vendor
organization relationship, rather then because the hypothesis is untrue. However still
the hypothesis cannot be confirmed based on the available data, therefore more research
is necessary to establish its validity.



Chapter 6

Conclusion

A stated in the introduction on page 3 the goal of this thesis is to:

“[...] unify state-of-the-art research into both techniques and processes with
current established practises in industry.”

This goal has been achieved through the Extended Compatible COTS Components Se-
lection Method (xCCCSM), a process model that describes the process of assessing (sets
of) components. The model is based on work by Bhuta and Boehm and extended in
order to fit current practise better based on the experience of two software engineers.
Furthermore the model has been validated through a questionnaire answered by over 20
software engineers.

The model proposed a number of steps of which the most important ones are gathering
information about the component(s) and prototyping the (set of) component(s). Both
steps are iterative in nature. After each iteration the results are evaluated based on the
requirements. Eventually this will result in either zero, or one or more sets of components
being considered compatible with the requirements, each other, and the system. In case
no suitable component can be found the organization will have to decide to either change
the requirements or develop a component in-house. This model is depicted in figure 6.1.

Ideally one would like to assess compatibility as soon as information about the com-
ponents is available. Two sets of techniques exist to facilitate this. The first group
uses attributes from the different components to determine possible mismatches. This
technique can handle incomplete information, however this is done in a very pessimistic
way causing numerous false positives when presented with many unknowns. This is
a major issue because, as the questionnaire has shown, the information necessary to
determine these attributes, e.g. architectural description, design documentation, and
non-functional properties, are very often not available. The second group of techniques
attempts to find incompatibilities by modelling the component using a formal modelling
approach depending on the architecture type of the system. The downside of this method
is that it requires even more information than the attribute based techniques, for which
not enough information is available as is, it requires complete modelling of the system

67
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Figure 6.1: Extended Compatible COTS Components Selection Method (xCCCSM)

and all components, has a high learning curve, very limited tool support and is there-
fore very time consuming. These disadvantages mean that in practise these techniques
will only be used in domains that traditionally spend a large effort on formal methods,
domains that require very high safety or availability.

Because of the limited possibilities to evaluate components early on prototyping is often
the most important step to exclude components that are incompatible. As indicated by
the very high number of respondents to the questionnaire that use prototyping (95%)
and the fact that all encounter situation where prototyping results in new information
about the suitability of the component.

Architectural compatibility is not only an issue when assessing third-party components.
In-house developed components can also benefit from compatibility assessment when
several components that need to be integrated are developed in independent development
organizations within the same company. An intermediate form is when companies out-
source the development of parts of the software to other organizations to be developed
as components. In that case the requesting organization can dictate the architectural
constraints, however it will need to be fully aware of the attributes of its own components
in able to do so.

Overall this thesis presented a method for assessing compatibility which combines the
available theory with common practise in a way that can be used in practical software
engineering.

6.1 Future Work

Although the xCCCSM method was constructed based on experience from software
engineers and validated through the questionnaire, the only way to test its effectiveness
it to collect more information about about what is done in each step today and to
implement the method in a real-world situation under such conditions that the results
can be reliably measured and evaluated.
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Although the thesis shows that the techniques for assessing compatibility as early as the
information gathering stage are not viable because they are still in an prototype stage
and the information necessary is not available. In order to create mature techniques
more research is required as is more experience in implementing them. The lack of infor-
mation this can resolved be improving the handling of unknowns and the extraction of
attributes from the documentation that is available could greatly benefit the detection
of mismatches early on and thus the efficiency of the assessment. Alternatively compo-
nent certification should require vendors to provide the necessary information. Such an
approach is attempted by Predictable Assembly from Certifiable Components [pac].
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1. Introduction

Consider the scenario where two or more software
systems have been developed in-house, for different
purposes. Over time, the systems have been evolved to
contain more functionality, until a point where there is
some overlap in functionality and purpose. The same
situation occurs, only more drastically, as a result of
company acquisitions and mergers. A new system
combining the functionality of the existing systems
would improve the situation both from an economical
and maintenance point of view, and from the point of
view of users, marketing and customers.

To investigate this problem of in-house
integration, we carried out a multiple case study,
consisting of nine integration projects in siX
organizations from different domains (here labelled 4-
F). For details on methodology, a presentation of the
data sources, and the complete copied out interviews,
see [3]. Elsewhere we have analyzed the case study
data from a process point of view [4], and discussed
the possibilities for reuse in this context [2]; the
present paper investigates issues of importance to an
industrial architect [5] and focuses on how to select a
high-level integration strategy.

2. Selecting a Strategy

The following in-house integration strategies have
been identified:

No Integration (NI) Do nothing — this requires no
extra effort or resources in the short term, but can
consequently not give any return on investment.

Start from Scratch (SFS) Discontinue all
existing systems and initiate the implementation of a
new system. The new system will likely inherit
requirements and architecture from the existing
systems [2].

Choose One (CO) Evaluate the existing systems,
choose the one that is most satisfactory, and

discontinue all others. The chosen system will likely
need to be evolved before it can fully replace the other
systems.

The fourth option is to reuse parts from more than
one existing system and re-assemble them into a new
system, and we present two such types of merge,
distinguished by the time required to implement them:

Instant Merge (IM) The existing components are
rearranged with only minor modifications or develop-
ment of adapters.

Evolutionary Merge (EM) Continue develop-
ment of all existing systems towards a state in which
architecture and most components are identical or
compatible.

Selecting a strategy is naturally influenced by
many factors. A reasonable starting point would be to
early focus on questions and issues that could rule out
some strategies. The two concerns we have found are:

Architectural Compatibility The notion of
architectural mismatch is not new [1]. If the
architectures of the existing systems are not very
similar, Instant Merge can be excluded, and if the
systems are very dissimilar also Evolutionary Merge.
In reality, compatibility is not so easily categorized
and must be assessed in each new situation.
Compatibility issues found in the cases were:
similarity of component roles and high-level structures
[2]; data models (cases FI, F2, F3); similarity of
underlying frameworks, i.e. how components are
defined, for example ‘processes communicating via
files’ (F1), certain hardware topologies (C), and
identical development and deployment environments
(F3). Similar ancestry and standards may imply a
certain amount of compatibility (C, D, F2) [2].

Retireability Retiring a system may be considered
more or less feasible, based on influences such as:
investments made (B, FI, F2) and the satisfaction of
various stakeholders: architects (4, C, El, F2), users



and customers (B, C, D, F2, F3), management (4, B,
E2, Fl, F2, F3). Affection to ‘ones own’ system also
influences the will to retire it. If only some or none of
the systems are considered possible to retire, the
strategies Start from Scratch and Choose One can be
excluded. Retireability is typically re-evaluated given
the resulting set of possible strategies, until an
acceptable balance is found between the estimated cost
of integration and the problems caused by retirement
(4, B, C, E2).

Table 1 summarizes the exclusion of strategies
based on these concerns (black denotes exclusion).
Table 2 shows the results for Architectural
Compatibility and Retireability in the cases, and Table
3 the resulting exclusion of strategies (black
background) and the chosen strategy (circles).

3. Discussion and Future Work

The proposed scheme, with five strategies and two
concerns to exclude strategies, may seem trivial and
self-evident. It seems that some of the cases however
were not aware of this, and unnecessarily spent time
and energy without significant progress (cases C and
F2 in the tables). These concepts should therefore be
useful for the software architect to focus analysis and
discussions.

There are several research directions for the
future. First, the strategies are not so distinct in reality
and could be further refined; for example, although the
overall strategy may be Start From Scratch or Choose
One, some parts may still be reused from several
existing systems. Second, we would like to further
investigate the notion of (in)compatibility: further
studying problems reported from practice would form
a basis for how compatibility can be assessed, and also

Table 2: Concerns per case

suggest specific patterns or mechanisms to overcome
incompatibilities. Third, we would like to see
guidelines on when and how to involve different
stakeholders in order to negotiate retireability and
finally select a strategy.

We would like to thank all interviewees and their
organizations for sharing their experiences and
allowing us to publish them.
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Table 1: The exclusion of possible strategies

SFS | CO | EM | IM
Architectural [—veyhigh
o1 10 Modest
Compatibility [ ‘
All
Retireability | Notall
None

Table 3: Possible and desired strategies, per case

Retireability Compatibility
A All No
B Not all (One) No
C (initially) None
C (final) Not all (Either) Somewhat
Dymt Not all (One) No
*Dserver (7 Somewhat (?)
El All Somewhat
E2 Not all (One) Somewhat
F1 (initially)
F1 (final) No No
F2p, All No/Somewhat (?)
*F2,p All Somewhat
F2post All No
*F23p None Somewhat
F3 All No/Somewhat (?)

Notes: For cases C and F1, there are two rows each to describe how decisions changed over time. Cases D and F2 has been
divided according to subsystem boundaries. An asterisk indicates that the integration is still at the planning stage.
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Interviews

B.1 Case A
Date: 2005-11-21 08:15 - 09:45

1. What is your background? When did you join the company? What kinds of work
are you involved in? What was your position in this project?

Interviewee studied in a joined electrical and computer engineering program spe-
cializing in electrical engineering. He joined the company in 1999 in corporate
training program for Software Developers and was offered a job at Corporate
Research. Before the project interviewee performed a competitor study for the
product and become familiar with the working details, therefore he was selected as
project leader on the assessment project. Research interest includes user interface
design and usability.

2. Who were involved in the assessment? What were their backgrounds? How much
time was spent on the assessment?

One full-time project leader (interviewee), 3 50

The people from corporate research where hired for two reasons: their experience
with assessments and the fact that they are unbiased towards an internal develop-

ment.

The first 2 months were spent on clearly stating the requirements, another 2 months
to filter out unviable options reducing the possible options from 9 to 2. After
this initial assessment the team was reduced to the project manager and the 3
developers. The remaining 6 months were spend on evaluating the 2 alternatives
plus the option of developing the component in-house

3. What is the main system the project was concerned with? What kind of component
were you looking for? Why were you looking for a component?

The system is a large scale control system including a GUI builder that allows for
customisation of the control interface by the customer.
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The sought after component had to be a replacement for the current GUI builder.
The reason to look for a new component was that the current builder is based on
technology that is no longer supported by the vendor and in order to guarantee
the future-proofness of the main system it had to be replaced by a future-proof

component.

The idea held by management was that acquiring a third party component as
opposed to developing a new version in-house would be cheaper and have a better
time-to-market. This assumption is part of the current trend in this industry.
However the option to develop a component in-house was explicitly left open.

. How did you formulate the requirements for the component to be selected? How

complete and formal were these requirements? How were they documented?

The requirements were based on the user requirements for the current system and
the system requirements derived from those. The new system should fulfil all
the requirements of the current system. New requirements were gathered through
informal discussions with product management and developers of the current sys-
tem. However the requirements were at such a high-level that they were not
directly usable for the assessment and the first 2 months were spend on refining
the requirements though talks with product management and developers.

One of the major requirements was that the new component should fit in the
existing system, without having to modify the system itself.

. How did you make the initial selection of components to assess? What criteria did

you use? What is the likelihood that this selection did select the component with
the highest potential?

The initial select was made in a brainstorm with different stakeholders from both
corporate research and the division. Input about the available components on the
market was provided by the product managers based on information gathered at
trade fairs. Out of the 9 products initially suggested 3 were immediately ‘discarded’
because they did not fit the basic requirements or the desired functionality was
part of a much larger component with undesirable and irremovable features.

. What characteristics of the component and the system do you consider when deter-

mining whether they are compatible? How did you come to these characteristics?
Which characteristics where not include but should have been in retrospect?

Characteristics divided into 3 sections: technical, market and business.

The technical requirements consisted of requirements on what the builder should
be able to due such as move, rotate, align, etc. and also included requirements
on the fact that the editor had to be compatible with the hierarchical way the
components to be represented are handled in the main product.

The main market requirement was a fast time-to-market.

Business requirements included cost of licensing, type of licensing, division of sup-
port responsibility for final product, priority of support by component company
etc.
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7. How do you obtain the information about the characteristics of the component

necessary to determine the compatibility between the component and the existing
system? Confidence?

Since the main requirements was that the product had to be future-proof and
therefore based on the new platform technology from a vendor that is about to
replace the older technology. The fact that the platform is relatively new means
that none of the 2 vendors had a finished component, or even an Alpha version.
Therefore no documentation, including requirements documents, existed for the
new products in-development based on the new technology. Documentation did
however exist for the old products but that was not considered useful since the
underlying technology would change completely.

Therefore information was obtained from meeting with the companies, with both
marketing people and developers. Also the assessment team where provided with
binary prototypes of the product in development.

Information about the time-to-market was particularly hard to obtain because
none of the components was close to be completed.

Although the component companies were very keen on selling their product or part-
nering with the company the information they provided was considered realistic
with a considerable confidence.

Furthermore for both components and the internal development prototypes were
created to obtain additional information.

Finally a standardised survey was filled out by the component companies inquir-
ing about their financial situation, including size, and past revenues in order to
establish whether the component company is financial stable.

Once the characteristics are known how do you compare them with the existing
system? Can they differ and still be compatible? If so in what way can they differ?

Characteristics where compared during meeting between developers of the system
and the component.

What trade-offs were encountered during the assessment? How were the trade-off
decisions made? Which characteristic is most important?

Since both the components were in a very early stage of development, one of
the main trade-offs to be made was whether to use a third-party component or
internally develop a new component. The major advantage of selecting a third-
party component as this early stage of development is that the development can be
influenced in favour of compatibility with the existing system. However this also
causes two major disadvantages, one is that core knowledge of part of a product
would lay outside the own company, the second is the risk involved in committing
to an unfinished component.

Another problem is that the structure of the existing product is rather unique and
that the third-party components did not comply with this structure, making it
necessary to considerably modify (> 25% modification of code) the components or
require a separate product line from the companies. Such a construction causes
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all kind of complications regarding support agreements and responsibilities for

problems.

Considering this the common advantages of using third-party components did not
exist in this case.

What other aspects influence they choice of a component?

The developers of the division were in favour of developing the component in-
house, while the product management was in favour of a third-party component.
These different views caused communication problems between management and

developers.

Which component was selected? And for what reasons?

Four of the 6 component did not implement the functionality themselves but pro-
vided a class library that could be used to implement the functionality. However
none of them were written using the desired platform and therefore not consid-
ered future-safe and discarded. This left 2 component under consideration and the

possibility of developing the component in-house.

Neither of the two components under consideration fulfilled the technical require-
ments completely, although one more than the other. However both would require
significant (> 25%) modification. Neither of the components was in a state that

is was, or would be in the short term, mature enough to be used.

Therefore both components were rejected and it was decided to develop the com-

ponent in-house.

How correct were the characteristics found during the selection process? Did the
integration encounter unforeseen incompatibilities? Where they caused by charac-
teristics that were not considered or by characteristics for which the information

was incorrect or incomplete?

N/A

What is the current status of the integration effort?

The company is about to release an internal alpha after 11 months of development.

Final release is expected in another 5-6 months.

However in the mean time the vendor has announced yet another big upgrade to the
underlying technology requiring a partial rewrite of the component to incorporate

the new technology.

What is your evaluation of the assessment and consequent integration process?

The challenge was not so much technical as it was to get a common view between
management and developers about the product. The assessment succeeded in

getting this common view and was therefore a success.

One of the success factors was involving the developers in the assessment process.
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B.2 Case B

Date: 2005-12-23

1. What is your background? When did you join the company? What kinds of work
are you involved in? What was your position in this project?

Interviewee has been working as software architect for a consulting company for
over 10 years and in that capacity has been involved in numerous software projects
in financial, energy, transport industry and public sector. Before the start of
the project the interviewee had been involved in a large project for the financial
institution in question. So he is aware of the internal structure and infrastructure

of the company.

2. Who were involved in the assessment? What were their backgrounds? How much
time was spent on the assessment?

The assessment was performed in 1999. Besides the interviewee a group of 4 to 9
other architects, all from different consulting companies, made up the architecture
team. The team was lead by project leader from the financial institution. The
different members of the team all had architecture knowledge and experience. This
type of architecture team with exclusively external consultants is not uncommon
in this domain.

The total assessment, including drafting requirements, initial selection, final selec-
tion, and prototyping, took approximately 2 person years.

3. What is the main system the project was concerned with? What kind of component
were you looking for? Why were you looking for a component?

The goal of the project, called the Multi Channel Platform (MCP), was to provide
an infrastructure for integrating services in a uniform way in the business of retail
banking (high volume, high availability). This in order to support the business goal
of providing information in a multi-channel fashion, e.g. through a bank office and
the internet. In order for that to work there needs to exist a single customer view
between all (mainframe and other) systems containing and handling data. Hence
the need for a uniform way of (re)integrating them. This is nowadays referred to
as an Enterprise Service Bus.

The scope of the project, i.e. which systems were going to be (re)integrated using
the Enterprise Service Bus, was not clearly defined at the outset of the project.

The field of messaging busses, which is a major part of an Enterprise Service Bus,
was considered mature and building such a complex piece of middleware by the
company itself was considered undesirable from a financial and maintenance point

of view.
4. How did you formulate the requirements for the component to be selected? How
complete and formal were these requirements? How were they documented?

The requirements were formulated by the architecting team with the help of people
within the financial institution. The process was a fully “featured” requirements
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gathering process which were organized according to the categories defined in ISO
9126. The total number of requirements was several 100. Every requirement was
prioritized which turned out to be one of the more difficult aspects of the process.
The metrics in the requirements were estimates based on information from the

institution.

The requirements process was done very thorough in accordance with the culture
in the institution.

The requirements did not explicitly state which systems were going to be (re)integrated
using the Enterprise Service Bus, in other words the scope of the project was not
clearly defined.

. How did you make the initial selection of components to assess? What criteria did
you use? What is the likelihood that this selection did select the component with
the highest potential?

The initial selection was made based on the experience of the architecture team
and possibly searching the internet. This resulted in a long list of approximately 10
products including BEA Tuxedo, DEC MessageQ, IBM MQ Series, IONA Orbix,
and Tibco Rendezvous.

The long list was reduced to a short list based on the assessment of the architectural
of whether the component was suitable for the task and whether the company that
behind the component would be a stable and reliable partner. Especially the latter
was very important for the financial institution to make sure that the selected
product was “future-proof”.

The short list contained 3 products: BEA Tuxedo, IBM MQ Series, and Tibco
Rendezvous.

. What characteristics of the component and the system do you consider when deter-
mining whether they are compatible? How did you come to these characteristics?
Which characteristics where not include but should have been in retrospect?

The systems that were to be integrated using the Enterprise Service Bus used
both asynchronous and synchronous communication. In order for the ESB to
function properly it would need to support both types of communication. This
did not necessarily mean that the messaging bus component needed to support
both, however if it didn’t an extra layer would need to be added to implement the

missing feature.

Another characteristic which was considered important was installability /configurability
of the component.

. How do you obtain the information about the characteristics of the component
necessary to determine the compatibility between the component and the existing
system?

Initially the suppliers on the short list and several from the long list were invited
to give a presentation to inform the architecture team about the capabilities of
their product.
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Characteristics of the components were obtained by sending the suppliers an ex-
tensive questionnaire with open questions based on the list of requirements. The
suppliers responded in detail to the questionnaire because the financial institution
was potentially a very lucrative customer. The answers to the questionnaire were
considered a commitment by the supplier to actually fulfil their claims.

The answers to the open questions were scored 1 to 5 (highest) by the architecture
team and assigned to the respective requirements. After that the scores were added
up weighing them using the requirement’s priority. The results of this scoring can
be influenced by flaws in the translation from the textual answer to a score and by
the incorrect assignment of priorities to requirements. However because the large
number of requirements these “flaws” were assumed to be “compensated”.

The answers to the questionnaire were then discussed with the suppliers.

Another source of information were the references to other customers, provided by
the three suppliers, whom where interviewed about their experience with the com-
ponent. This provided some additional information, however since only a limited
time was available from the references this process was not extremely detailed.

Once the characteristics are known how do you compare them with the existing
system? Can they differ and still be compatible? If so in what way can they differ?

There was not really an existing system in the sense of a single, clearly identifi-
able component that provided the functionality to be replaced. In stead ad-hoc
integrations existed between systems.

What trade-offs were encountered during the assessment? How were the trade-off
decisions made? Which characteristic is most important?

Main trade-off issues included handling of synchronous communication, mainte-
nance, and reliability of vendor. The trade-offs were made based on the priorities
assigned during the requirements gathering.

As will be clear from the answer to the next question reliability of vendor was the
most important characteristic.

What other aspects influence they choice of a component?

After the recommendation to select BEA Tuxedo was made the financial insti-
tution’s management indicated that IBM should be given another chance, clearly
indicating their preference for this supplier. The main reason for this was the exist-
ing relations with IBM and the fact the IBM’s PR management and responsiveness
was better than that of BEA giving a more reliable impression, which is a very
important quality to a financial institution since a commitment to a component is
usually very long term.

The architecture team re-invited IBM to give their presentation and changed their
recommendation to IBM MQ series.
Which component was selected? And for what reasons?

The component that was recommended by the architecture team was BEA Tuxedo
because it could handle both synchronous and asynchronous communication well,
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because its solutions were considered more elegant, and because ease of installing,
configuring, and maintaining it.

However because of other aspects mention in question 10 IBM MQ Series was
eventually selected. MQ Series was the second choice and was not far behind
Tuxedo from a technical point of view, however the main disadvantage was that it
did not support synchronous communication.

How correct were the characteristics found during the selection process? Did the
integration encounter unforeseen incompatibilities? Where they caused by charac-
teristics that were not considered or by characteristics for which the information

was incorrect or incomplete?

After the selection of the component a proof-of-concept/prototype was made so
test a large number of requirements. During the building of the prototype and
later on during the building of the system approximately 2 IBM engineers were
employed. There was also contact with the IBM development lab that developed
MQ series.

During the prototyping no unforeseen properties, including incompatibilities, were
found. What was found was the expected difficulties with the complex API and
the complexity of the configuration.

During the building of the system it was found that building a synchronous com-
munication layer on top of MQ Series was not viable and the idea was abandoned.
This meant that it was more difficult to use the bus to integrate systems that work
with synchronous communication, see also scope change in next question.

What is the current status of the integration effort?

The project was completed successfully, however the scope was scaled back from a
company wide Enterprise Service Bus to a messaging bus to integrate the backend
mainframes with the business and application tiers.

What is your evaluation of the assessment and consequent integration process?
Positive and negative points? Main success/failure factors?

The interviewee was not involved in a formal evolution of the project. However he
would grade the entire process, minus the management decision to select IBM, with
8 out of 10. Especially thorough was the requirements process and the following
selection process, indicated by the fact that the requirements list was suitable for
(partial) reuse in several later projects.

A less successful point was the attempt to build synchronous messaging function-
ality including marshalling on top of the already complex API. This part was
eventually abandoned.

In order for the message bus to function as ESB several functions needed to be
added, these were added, in retrospect, although that functionality wasn’t available
at the time the decision was made, it would have been better to use a commercial
solution for this.

The conclusion by the interviewee is that at the time of the project there were
no possibilities to improve it, however later projects learned from the experiences
with assessing products in this project.



Appendix C

Questionnaire

This appendix contains a facsimile questionnaire as it was sent to the respondents. The
original documented contained interactive elements allowing the respondent to fill the
questionnaire using Adobe Acrobat and returning it by pressing Submit.
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Questionnaire

The goal of our research is to improve the methods used for selecting third-party software
components to be used in software systems. Third-party software components are self-
contained pieces of software developed by an external party. The components can be either
commercial or open-source. In order to do improve current methods we are interested in the
current state of practise, therefore we ask you to fill in this questionnaire about the use of
third-party components by you and your company.

This questionnaire contains between 11 and 55 questions and should take between 10 and 30
minutes to fill out depending on your answer to certain questions. The answers to the

questions will be treated confidentially and used exclusively for this research.

The questionnaire can be submitted electronically by email or in printed for using postal mail.
The text at the last page of the questionnaire will guide you through the submission.

We very much appreciate you filling out this questionnaire even if you feel you have limited
experience working with software components.

General

The following questions are intended to provide us with a general background of you and the
company you work for.

1. How many years have you been O 0—1 year
working with software development? O 1 -2 years

O 2 — 5 years
O 5—10 years

O 10 — 20 years

2. How many years have you been in your O 0—1 year
current position? O 1 -2 years

O 2 — 5 years
O 5—10 years

O 10 — 20 years

O 20+ years




3. Which function(s) describe your
current position best?
(Multiple answers possible)

Requirements analyst

|:| Programmer

|:| Tester
|:| Manager

|:| Other:

4. How many people work in software
development in your company?

1 — 10 developers

10 — 50 developers

50 — 100 developers
100 — 500 developers
500 — 1000 developers
1000+ developers

O
O
O
O
O
O

5. What kind of domains is your company
active in?
(Multiple answers possible)

Real-time systems
|:| Business systems
D Embedded systems
D Industrial systems
|:| Office automation

6. What percentage of the software
projects in your company is completed
within fwice the budget and within
twice the time originally planned?

O 0—10%

O 10 —25%
O 25 -50%
O 50 — 75%
O 75 —100%

O Unknown

7. Do you use third-party components in
your software?

O Yes, please continue with question 11
O No, please continue with question 8

Please continue either with question 11 or 8 depending on your answer to question 7.




8. Do you use internally developed
components in your software?

O O O O O

Never Seldom  Sometimes Often  Always

9. Why do you not use third-party
components?
(Multiple answers possible)

Too expensive

D No components available

|:| Quality not good enough
D Conflicts with company policies

|:| Bad experience

D Other:

Comments:

10. Have you considered using third-party
components?

O Yes, please continue with question 12
O No, please continue with question 65

Please continue either with question 12 or 65 depending on your answer to question 10.

Answer this question if you use third-party components:

11. On average, how much of the end
product is consists of third-party
components?

O 0—-10%

O 10 —25%
O 25 -50%
O 50 — 75%
O 75 — 100%

Comments:




Specification

This section contains questions regarding to what extend you write a component specification
or component requirements for the component(s) you are looking for.

12.

In general do you start writing a
detailed specification before searching
for available components?

O Yes, please continue with question 13
O No, please continue with question 19

If you answered no to the previous question please jump to question 19, otherwise please
continue with the next question.

13.

Do the requirements include non-
functional requirements such as
performance, security, reliability, etc?

O O O O O

Never Seldom  Sometimes Often  Always

14.

Are the requirements prioritized?

O O O O O

Never Seldom  Sometimes Often  Always

15.

How much of the total development
time do you, on average, spend on
writing the specification?

O 0—5%
O 5-10%
O 10 —20%
O 20 — 50%
O 50-100%

O Unknown

16.

Are the requirements evolved/refined
during the assessment?

O O O O O

Never Seldom  Sometimes Often  Always

17.

In case of no suitable component, is it
possible to modify the requirements?

O O O O O

Never Seldom  Sometimes Often  Always

18.

Do you feel having no or only general
requirements would make the search
for a component easier?

O O O O O

Never Seldom  Sometimes Often  Always

Comments:

Please continue with question 26.




Please only answer the following questions if you do not write a specification before

searching for components:

19. Do you have a set of basic requirements
before starting to search for suitable

O Yes, please continue with question 20
O No, please continue with question 24

components?
20. Do you document these basic
requirements? O O O O O
Never Seldom  Sometimes Often  Always
21. Do the basic requirements include non-
function requirements such as O O O O O
performance, security, reliability, etc?
Never Seldom  Sometimes Often  Always
22. Do you refine the requirements based
on the components you encounter? O O O O O
Never Seldom  Sometimes Often  Always
23. Do you use refined requirements for
excluding components that are not
excludin O O O O O
Never Seldom  Sometimes Often  Always

24. Why do you not write a (detailed)
requirements specification before
searching for a component?

Not enough time

D Requirements not known

|:| Other:

25. Do you feel having (detailed)
requirements would make the search
for a component easier?

o O O O O

Never Seldom  Sometimes Often  Always

Comments:

Please continue on the next page.




Assessment

This section contains questions about the assessment of the components. The first set of
questions relates to how you gather information about components.

26. Where do you obtain information about potential components?

a) Trade fairs or conferences
O O O O O

Never Seldom  Sometimes Often  Always

b) Professional literature

(E.g. magazines, conference O O O O O

proceedings, and books)
Never Seldom  Sometimes Often  Always

¢) Word-of-mouth

O O O O O

Never Seldom  Sometimes Often  Always

d) Internet

O O O O O

Never Seldom  Sometimes Often  Always

e) Other source of information:

27. What kind of documentation is provided with the component?

a) Architectural description
O O O O O

Never Seldom  Sometimes Often  Always

b) Design documents (e.g. UML)

O O O O O

Never Seldom  Sometimes Often  Always

¢) Usage examples

O O O O O

Never Seldom  Sometimes Often  Always




d) Interface description

O O O O O

Never  Seldom Sometimes Often Always
e) Non-functional documentation (e.g.
performance characteristics) O O O O O
Never  Seldom Sometimes Often Always

f) Other kinds of documentation:

28. What is the general quality of the
information provided with a O O O O O
component?
Bad Average Excellent
29. What is the general completeness of the
information provided with a O O O O O
component?
(Includes information on all aspects you | Bad Average Excellent

are interested in)

30.

What is the general correctness of the
information provided with a
component?

O

Bad

O O

Average

o O

Excellent

31.

Do you need more information from
the vendor than initially provided?

O Yes, please continue with question 32
O No, please continue with question 35

32.

How often do you need more
information from the vendor than
initially provided?

O O O O O

Never Seldom  Sometimes Often  Always
33. How willing are vendors, in general, to
provide additional information? O O O O O
Bad Average Excellent
34. How fast are vendors in providing
additional information? O O O O O
Bad Average Excellent




35. What other sources of information do you use?

a) References provided by the vendor

O O O

Never  Seldom Sometimes

o O

Often  Always

b) Information provided by colleagues

O O O

Never Seldom Sometimes

O O

Often  Always

¢) Information from commercial
reviewers

O O O

Never  Seldom Sometimes

o O

Often  Always

d) Other

36. How much of the total development
time do you, on average, spend on
gathering information?

O 0-5%
O 5-10%
O 10— 20%
O 20-50%
O 50-100%

O Unknown
37. How good do you consider
yourself/your company to be at O O O O O
gathering information about
components in your company? Bad Average Excellent

Comments:




The following questions relate to how you use the information gathered to make a judgement
on the component found.

38.

Does you company have guidelines for
assessing software components?

O Yes
O No

39.

Do you use methods and/or tools to
assist you in the assessment?

O O O O O

Never Seldom  Sometimes Often  Always

40.

And if so, which one(s)?

41.

Do you assess components in an
iterative manner?

(E.g. by gathering information, discarding
some components, gathering more
information, discarding more, etc.)

O O O O O

Never Seldom  Sometimes Often  Always

42.

Do you involve non-software related
expertise from your company in
assessing components?

O O O O O

Never Seldom  Sometimes Often  Always

43.

If so, which expertise?

44.

How much of the total development
time do you, on average, spend
component assessment?

O 0—5%
O 5-10%
O 10 — 20%
O 20 - 50%
O 50 — 100%

O Unknown
45. How good do you consider
yourself/your company to be at making O O O O O
assessments of components?
Bad Average Excellent

Comments:




Testing

The next questions relate to testing of third-party components.

46. Do you test third-party components
before integrating them into your
system?

O Yes, please continue with question 47

O No, please continue with question 59

Please only continue with the next question if you do test third-party components, otherwise

jump to question 59.

47. Do you use prototyping to determine
whether or not a component is
suitable?

O Yes, please continue with question 48

O No, please continue with question 54

48. How often do you build prototypes?

O O O O O

Never Seldom  Sometimes Often  Always
49. When you build prototypes do you
build them for each component O O O O O
individually?
Never Seldom  Sometimes Often  Always
50. When you build prototypes and when
using multiple components, do you O O O O O
build a prototype to see how they
interact? Never Seldom  Sometimes Often  Always
51. Does the vendor of the component
assist in prototyping? O O O O O
Never Seldom  Sometimes Often  Always
52. Does the vendor of the component
provide assistance free of charge? O O O O O
Never Seldom  Sometimes Often  Always
53. Does prototyping provide you with
information about a component not O O O O O
included in the information gathered
before? Never Seldom  Sometimes Often  Always
Comments:

Please continue with question on the next page.




Please answer the questions below when you do test third-party components.

54. How much of the total development
time do you, on average, spend festing

(and prototyping)?

O 0—5%
O 5-10%
O 10 —20%
O 20 — 50%
O 50-100%

O Unknown

55. What (other) kinds of testing of third-
party components do you use?

56. Does testing (and/or prototyping)
change your opinion about the
suitability of a component?

O O O O O

Never Seldom  Sometimes Often  Always
57. Have you ever come to the conclusion
after testing (and/or prototyping) that,
although a component seemed O O O O O
promising, it does not meet your Never Seldom  Sometimes  Often  Always

requirements?

58. How good do you consider
yourself/your company to be at testing
(and prototyping) components?

O O O O O

Bad Average Excellent

Comments:

Please continue with question 59.




Integrating

These questions are related to integrating components into a product.

59. Do you encounter problems when
integrating components?

O O O

Never  Seldom

Sometimes

O O

Often  Always

60. Could these problems have been

prevented by (better) testing (and/or

prototyping)?

O O O

Never  Seldom

Sometimes

o O

Often  Always

61. Are the requirements and/or scope of

the project changed based on
experience/problems during
integration?

O O

Seldom

Sometimes

o O

Often  Always

62. In general, how successful are

integration projects in your company?

O {0

O O

o O

Excellent

63. How much of the total development
time do you, on average, spend on
integrating components?

64. How good do you consider
yourself/your company to be at
integration?

Bad Average
O 0—5%

O 5-10%

O 10 —20%

O 20-50%

O 50-100%

O Unknown

o O O
Bad Average

o O

Excellent

Comments:




65. Would you like to add additional information or comments?

The answers to the questions will be treated confidentially and used exclusively for this
research. The answers, or references to you or your company will not be shared with third
parties in anyway without your explicit consent.

We would like to contact you in the future regarding this type of research, however if you do
not want to be contacted again please check the box below:

|:| Please do not contact me again regarding this type of research.

When clicking the submit button Adobe Acrobat will attempt to compose a
mail with the answers to the questionnaire using your preferred email program.

The answers are attached to the mail in an XML file. The mail does not contain
any information other then the answers to the questions and the email address
you send it from.

Alternatively you can click the print button. This will print out a copy of the
questionnaire including the answers on a printer of your choice. Please send
the printed questionnaire to:

Modlardalens hogskola
Laurens Blankers

Box 883

721 23 VASTERAS

Sweden
Thank you very much for filling out this questionnaire!

Laurens Blankers
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Appendix D

Questionnaire results

The raw results of the questionnaire (see appendix C are included here. Some of the
comments by respondents have been removed or abbreviated in order to guarantee re-

spondent’s anonymity.
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1 approached by salespeople

2 Industry analysts (e.g. Gartner), Vendor presentations and briefings specific to our
organization, User groups

w

Developers’ Forums

N

Existing relations

5 Direct contact with vendors.

=}

cost /benefit analysis, e.g. CBAM

J

Our quality management system [...]
8 [...] Checklist for Third Party components
10 checklists

11 Guidelines and methods do exist but they are not always easy to find when needed
nor very well kept up-to-date.

12 Commercial testing of the vendor. Strategic assessment.

13 Unit testing, Integration testing , Load and Stress testing to test non functional
characteristics

14 Self-created components, existing test-suites (both self-created and -the-shelf).

15 what do you mean?
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