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Abstract

Background. Developing software for complicated systems is often done by collab-
oration and consists of deliverables by a multitude of organisations. The deliverables
can range from smaller devices and commercial-off-the-shelf software components, to
larger systems. This is the situation during the development of the embedded sys-
tem for large vehicles or machines. Many companies within the embedded industry
are transitioning to using Service-Orientation to develop high-quality software and
reduce costs. However, when integrating different external systems with an internal,
service-oriented system there may arise difficulties since the communication patterns,
i.e. interface, cannot be changed to fit the internal system.

Objectives. This study aims to develop a design solution that can be used to
integrate different external systems with an internally developed service-oriented
system in an entire software product line, including the handling of variability by
parametrization. The solution is evaluated by software developers at a company in
such a situation.

Methods. To develop the design solution design science methodology is applied,
which is an iterative process that continuously improves the candidate solution until
satisfactory according to various stakeholders.

Results. The resultant design solution includes the use of wrappers-based interac-
tion between systems, where so-called adapters are used when the internal system
acts as a client to an external system, and using gateways for when the internal sys-
tems acts as a server to an external system. We also observe the need for a system
integration view to describe the relations and available communication mechanisms
between systems, i.e. the gateways and adapters.

Conclusions. We conclude that to integrate a service-oriented software system with
non-service-oriented systems, there can be benefits to using an abstraction layer be-
tween systems to protect the internally developed software architecture from being
affected by the nature of the external system. Attempting to integrate external sys-
tems with an internal system as if also developed internally may become troublesome
in terms of defining and upholding an appropriate service-oriented architecture. This
is especially important when considering variability of the complete system, where
different external systems are used or replaced in specific variants.

Keywords: Service-oriented, integration, abstraction, software architecture
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Chapter 1

Introduction

1.1 Context and Problem Statement

Developing a large embedded system, such as an automotive system, is and has been
a task requiring collaboration between many suppliers of hardware and software
components for many years. Without dividing responsibilities between numerous or-
ganisations, the scope would become unmanageable and likely result in poor quality.
At a high level, the division of responsibilities between departments of an automotive
manufacturer are often divided based on functional domains [18,33]. Typically these
have been the power train-, chassis-, body-, HMI- and telematics domains. Each
functions as a sub-system with its own API used by other subsystems when needed.
It is also common that a sub-system is reused over multiple products, meaning that
the same interface is also reused. Structuring the division of responsibilities in this
manner, separating the concerns by functionality domain, enables departments to
focus on one particular subset of full system functionality. In addition, manufactur-
ers of original equipment utilize many third-party solutions in their products. These
may range from simple sensors and actuators, to complete highly intelligent systems.
Third-party solutions are often called commercial-off-the-shelf (COTS) components.
There is also a possibility that during the development of new software, old legacy
systems may be reused and incorporated into the new product to decrease time-to-
market and development costs.

While working with software development of any organisation involved in the de-
velopment of such a large system, one can determine one important common feature
of these systems. The interfaces and how the systems communicate to perform some
functionality, usually cannot be changed. Suppliers of software of functional domains
may reuse the software for multiple products and/or have finished the development
of the software’s responsibilities. The interface to a COTS component is not change-
able, as it comes with the purchase of said component. Legacy systems are already
defined in their entirety. However, a development organisation with responsibilities
to develop a part of the complete embedded system must have a strategy to integrate
its system with these third-party systems. Hereafter, these will be called external
systems, as described in Figure 1.1.
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Figure 1.1: Embedded System-of-Systems

It is common that these systems communicate on a Controller Area Network (CAN).
In addition to reuse, software systems may be subject to handle variability to vary-
ing degrees [4]. These variations can range from changes that appear small, such as
a button being installed or not, to larger changes, such as having a combustion or
electrical engine installed. Many other forms of variability exist, for example how
the software shall control the behaviour of the system to achieve a specific goal. This
variability must be handled suitably by some strategy, to avoid unnecessary work
during software development, and to avoid improper software being deployed to a
customer. Developers of products with variability often apply Software Product Line
Engineering (SPLE) in order to manage variability. SPLE may be used both during
requirements definition and software development in order to facilitate e.g., reuse
and scalability of requirements and software.

Recently, Service-Oriented Architectures (SOA) have become increasingly popular
within the software domain. It has been shown to be utilized successfully to develop
embedded systems, including automotive systems [16,33]. One can obtain high qual-
ity, such as flexibility, interoperability, scalability, reuasability while also reducing
complexity [22]|. Selecting a particular architecture style may however limit the in-
terfacing capabilities between systems. This can prove difficult when integrating
different external systems, such as a reused legacy system or a COTS component.
The interface to such systems or components is already defined, and usually cannot
be altered to fit the principles of e.g. SOA.

In an entire product line, there can be different legacy systems or COTS that are uti-
lized to complete different products in the line. Some purchased components may be
included in one product but not the next, where perhaps a different component, from
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a different supplier is used instead, with a completely new interface. This adds a new
dimension to variability that also must be managed, since using different components
may also mean that the allocated responsibilities between systems will change. This
leads to that the structure and relations of the software elements can be affected, i.e.
that the software architecture differs between products in a product line.

1.2 Aim and Objectives

Embedded software systems must be able to integrate different external systems into
a distributed system, or system-of-systems. How this can be achieved over an entire
product line is not sufficiently established, as is described in Section 3. The aim of
this research is to investigate how variable third-party software components can be
integrated into a software product line of embedded systems, using Service-Oriented
Architectures.

The research objectives of this study are:

1. Develop a general design solution that can be used to integrate any third-party
software component in a service-oriented embedded system that uses primarily
CAN-based communications technology.

2. Determine how different third-party software components can be integrated
into a service-oriented software product line.

3. Evaluate the solution by gathering empirical data from software engineers and
other stakeholders that are likely to use and implement it.

1.3 Scope and Limitations

The scope of this study is limited to research on embedded systems. The primary
communication between systems allocated to Electronic Control Units is done using
CAN bus technology. The software variability due to differently installed hard-
ware is realized by configuring the system using parametrization at compile-time.
The selected architecture style is Service-Orientation, or specifically Service-Object-
Oriented Architectures.






Chapter 2

Background

This section will briefly cover topics that are necessary to understand how the objec-
tives and aims may be reached. These include Software Product Line Engineering,
Service-Oriented Architectures, Service Identification, how relations between services
are often defined in embedded systems, Service Identification is used to modernize
legacy systems and how to configure services.

2.1 SPLE and Variability

Software Product Lines Engineering has been and are extensively explored within
academia and industry [4]. The reason to adopt Software Product Lines (SPL) in an
organisation is often to support the reuse of software over a long time-span [20]. By
treating the product offerings as a line (or family) instead of multiple single products,
long-term reductions of development costs and time to market may be obtained. One
can decompose the features of a product line into three categories: first, all features
which are common for all products, i.e., the commonalities; second, one can find
certain features that should not be equal in all products, i.e. the variabilities; third,
some features may be only found in only one product. These product-specific fea-
tures can be requested by individual customers and not necessarily offered to the
general market, but must still be supported, meaning that these are a form of vari-
able features. Describing how a product will include or not include some features
may be done using variation points, where one point determines which alternatives
or options can be present in the product. After setting the variation points, one
individual product variant is described.

The variability of a software system determines its ability to adapt to changing cir-
cumstances. A software product line may include different types of variability. These
may be decomposed into three different types: (1) variability as a result of varying
operating environment, (2) differently installed hardware or (3) varying mission of the
product [12]. To achieve the variation of the software, i.e., to make software adapt to
some new circumstances, configuration mechanisms must be used [4]. Many imple-
mentation techniques can be used to realize a variation point specified in the product
line requirements, which enables a configurable platform. One of the methods used to
configure the platform to a specific product is parametrization. The software system
can use the parameters to adapt at design-, compile- or runtime. The choice of the
binding times should be made depending on the situation. For instance, configur-
ing a system following hardware installation should preferably be done early, as the
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hardware generally does not change during runtime. Other forms of adaptations,
such as calibration, often must be able to occur during runtime.

2.2 Service-Oriented Architectures

As a result of rapidly changing environments, requirements, and generally greater ex-
pectations of software, Service-Orientation has become increasingly popular among
many different lines of business. Service-Oriented Architectures are constructed by
services that encapsulate certain functionality and inter-operate to fulfill some busi-
ness goal or task. Services are typically autonomous and platform-independent that
may be described, published, discovered and potentially dynamically assembled to re-
alize some end-to-end service [28]. Services are by definition loosely coupled, enabling
their reuse for different business goals, as well as software flexibility and resilience
to technology shifts. A service is described by a service contract, showing how the
service is used [36]. In the process of combining services, there are a number of
different roles. A service that requires another service and makes some request is
called the service consumer. The service that makes the called service available is
denoted as the service provider, in this particular exchange. Services can be both
consumers and providers in different situations. A service that wishes to provide
services to others may do so by registering itself and its available capabilities at a
service orchestrator. The orchestrator, also called the broker, can then orchestrate
the relations between service consumers and providers dynamically during run-time.
What has been described here is also shown in Figure 2.1. This aspect of SOA can
be realized on any network, although it is viewed as specifically applicable for the
internet, but also where different network technologies are used [20]. However, the
more dynamic the system is in terms of the emergence of new service consumers
and providers, the more one can gain by applying this mechanism, realizing the self-
adaptation of a distributed system. This particular aspect of SOA makes it suitable
for implementing the adaptive software necessary in dynamic software product lines,
as it facilitates scalability, reusability, flexibility, and interoperability [22].

2.3 Service Identification

To build a system that conforms to the principles of a Service-Oriented Architecture,
an important procedure to understand is "service identification". It involves how
different functionality shall be grouped in order to establish the different services
that are e.g., reusable, flexible, and autonomous. This is particularly important
during the early stages of the life-cycle of a service-oriented system. An important
aspect of service identification is to use a suitable level of abstraction with the right
granularity [22].
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Service Broker

Find Register

Service Consumer Service Provider

: . Service
Client Service Contract

Figure 2.1: Service broker design pattern.

2.4 Relations Between Services in Embedded Sys-
tems

Usually, when discussing Service-Oriented Architecture, one often assumes that dy-
namic binding between services is possible. This is often the case when working with
web services, where it is possible to perform service discovery over the internet to
find usable service capabilities. It is common to use a Service bus that is used by a
broker to connect service providers and consumers, as shown in Figure 2.2. However,
for closed systems like an embedded system, this is often not achievable. A closed
system with a specific hardware configuration that does not change during run-time
has a limited need for dynamic service discovery. Relations between services of such
systems can be configured at design time and be static from that point on. Service
Object-Oriented Architectures (SOOA) or Service-Component Architectures (SCA),
can be used for that purpose, where services are represented in the application by
different objects that have relations to and from other objects which are used to
request service operations. In other words, the service orchestration is not performed
by the application at run-time, but by the engineer at design-time [34].

2.5 Service Identification to Modernize Legacy Sys-
tems

Recently, service identification has been used as a method to re-engineer and reuse
legacy systems. A legacy system can be integrated into or used by a new system that
is built using SOA. Many approaches to this modernization exist [1|. These methods
may include using functional breakdown [22] of the legacy system as well as analyz-
ing the interface [8]. The range of different methods to modernize, or re-engineer
legacy systems that exist is a result of that legacy systems are naturally different,
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Figure 2.2: Service broker pattern realized using a service bus.
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Figure 2.3: Static relations between services.

and different methods for different situations have been required. Generally, service
identification and implementation can often be done by software developers without
any formal process to follow.

An identified service should represent a capability to perform some task, with a
suitable level of abstraction and can have different degrees of granularity. It can
represent a complete service in the service-oriented system, or be a smaller compo-
nent of a service, more resembling a micro-service. To re-engineer a legacy system,
one may use different approaches. Employing a "top-down" approach means first
performing a high-level decomposition of domain artifacts, modeling and implement-
ing the needed services, and lastly implementing an orchestration of the services. A
"bottom-up" approach may start by identifying dependencies to the legacy system,
then finding reusable functionality by analyzing the applications that can be regarded
as services. Services are then formed by removing the dependency on the legacy in-
frastructure [1|. Lastly, applications are adapted to use the newfound services. If a
bottom-up or top-down approach is not suitable, a third approach to re-engineering
by using a "hybrid" strategy [1]. A commonality of most strategies to modernize
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legacy systems using service identification is that some wrapper will likely have to
be used. The wrapper may for instance convert the interface of a legacy system to
an appropriate abstraction of a service or service operation [6].

Y

Legacy System Wrapper —O

Figure 2.4: Legacy system wrapper.

2.6 Configuration of Services

When configuring a service-oriented system, several methods can be employed. Ser-
vice Prioritization and Selection are central terms when describing how the system
shall adapt to changing circumstances [23]. Service selection regards which service
should be invoked at some time based on some conditions, which leads to the con-
figured software system. Configuration is necessary for both static and dynamic
services, where static services shall not change during run-time [19]. Different con-
figuration techniques that use service selection can be divided into "Predefined",
"Constrained" and "Unconstrained" selection, depending on the level of flexibility [2].






Chapter 3

Related work

We conducted a literature study to find related work of integrating third-party com-
ponents in an embedded or automotive, Service-Oriented Architecture product line.

To find suitable literature, the following search parameters were used, with different
permutations:

service-orient™ )

config* OR variab® )

(

(

( embedded OR automotive )

( predefined OR "design-time" OR "compile-time" )
(

"commercial-off-the-shelf" OR "cots" OR legacy OR re-engineer OR mod-
erniz* )

The goal was to find articles that regard service-oriented software systems within
embedded or automotive industries. As well as including descriptions of configuration
mechanisms or software variability handling, that primarily is done during design- or
compile-time. Some changes to the search string were also made to find additional
articles, such as removing keys. Both forward and backward articles snowballing was
also used. Table 3.1 summarizes notable related articles reviewed.

Table 3.1: Summary of related work following literature review.

Article Summary

Model-Based Design of Service-
Oriented  Architectures  for
Reliable Dynamic Reconfigura-
tion [26].

Describes a way to model (re)configuration of services in an au-
tomotive system during operation (run-time), including different
components used during reconfiguration. The method is evaluated
by applying it to an example of configuration of brakes. Does not
describe how to integrate third-party components.

11
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Model-based resource analysis
and synthesis of service-oriented
automotive software architec-
tures [17].

Chapter 3. Related work

Discusses that certain functionality is static from design-time,
while others may be configured during run-time. Seeks to de-
velop a method to analyse the installed hardware resources and
from that form a service-oriented software system bound at a late
time, such that a software component does not need to be tightly
coupled to a specific location in the network /distributed system.
With late binding, an optimized system and software architec-
ture can be defined. I.e., this study aims to introduce to auto-
motive systems the dynamic service discovery and orchestration
commonly found in e.g. SOA’s of the web, but not in embedded
systems.

Open and Collaborative Micro
Services in Digital Transforma-
tion [27].

Evolves legacy systems to be integrated into a SOA, based on
the “Informatics System of Systems” concept. This is similar to
the system (of systems) that constitutes an automotive software
system.

Interoperability for Industrial
Cyber-Physical Systems: An Ap-
proach for Legacy Systems [13].

Describes how to use an interoperability layer to make legacy de-
vices function in a configurable SOA. How to configure the system
is not described, e.g. if to configure during design, compile, or
run-time.

Integration of a Legacy Automa-
tion System into a SOA for De-
vices [11].

Describes how to use an abstraction(/integration) layer to pro-
vide services that can be reused in a SOA. Discusses how not
all production systems are “SOA-ready” and therefore there is
a need for integration techniques. A service is defined by its
interface — “design by contract”. Focuses only on devices, i.e.
hardware abstractions, and not general systems(domains) or ser-
vices(provider/consumer). Describes different components of a
device: service, interface, and implementation. Uses service dis-
covery to register services, i.e. not at design/compile-time.

Service-Oriented Control Archi-
tecture for Reconfigurable Pro-
duction Systems [21].

Reconfiguration of production systems, using dynamic service dis-
covery.

Migration of industrial pro-
cess control systems to service-
oriented architectures [7].

Reconfiguration of production systems, using dynamic service dis-
covery.

Migration of a Legacy Plant Lu-
brication System to SOA [24].

Similarly using a broker and a service bus to orchestrate composite
services. Requires certain network capabilities often found in web
computing.

Towards runtime adaptation
in AUTOSAR: adding Service-
orientation to automotive

software architecture [37].

Released as the software architecture standard AUTOSAR was
being fitted with the potential use of Service-orientation. De-
scribes that AUTOSAR, today AUTOSAR Classic, would have to
be changed to be compliant with runtime adaption. AUTOSAR
Classic is built upon using a federated architecture, whereas dy-
namic runtime adaption usually requires an integrated architec-
ture.

Moving From Federated to In-
tegrated Architectures in Auto-
motive: The Role of Standards,
Methods and Tools [9].

Describes challenges when a distributed system shall be imple-
mented by an integrated instead of a federated architecture.
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3.1 Research Gap

From reviewing the mentioned articles, many interesting topics can be noted. For
more than 10 years, there has been a large effort made into researching Service-
Oriented Architectures within the embedded and automotive industries. In [11], a
method to reuse legacy software systems in a dynamically adaptive system was de-
scribed in detail, where an abstraction layer is used to convert the communication
interface of industrial devices to fit into a SOA. How to use service-oriented architec-
tures to build a runtime adapting system that may be self-configuring has been deeply
covered [17,26] within the automotive and embedded domains. One area where this
behaviour is highly beneficial is the industry of production systems, where a system
is composed of a large variety of different devices, such as robots, belts etc. However,
of all literature found, none describes how to reuse devices or legacy components in
a configurable system without applying modern Service-Oriented mechanisms such
as a service broker and a service bus. Having such technologies is not the reality
for many within the embedded or automotive industries. For example, it requires
the use of ethernet communication, whereas CAN-bus technology is still prevalent in
many of the products developed today. Still, there are many potential benefits of us-
ing a service-oriented architecture style, e.g., attained by implementing autonomous
software components which may increase flexibility, scalability, and reuse. To enable
software development of such systems, there is a need for further research on how to
get the most out of service orientation when not having all the prerequisites. Such is
the case of the problem described earlier, where dynamic adaption is not suitable as
the variations are limited and known as they are coupled with an external software
component, e.g., a legacy system, device, or domain. High-performance communica-
tion technology such as ethernet is not used. This means that the dynamic adaption
possible with runtime service discovery and orchestration is not necessary, nor is it
available.






Chapter 4

Research Methodology

4.1 Research Questions

Based on the currently available literature and the scope of this study, the following
main research question is established:

"What is an effective way to integrate external systems in a Service-Oriented
embedded system when high-performance (ethernet) communication is unavailable?"

This can be decomposed into two sub-questions, as follows.
Research Question 1:

What is an effective way to make a Service-Oriented embedded system adapt at
compile-time using parametrization to a specific configuration of external systems?

Motivation: A system that is one part of a distributed embedded system, com-
posed of several installed sub-systems, needs to be configured to inter-operate with
said installed external systems. Based on the current research, this is primarily done
in a SOA by a service broker at run-time using a service bus and ethernet com-
munication. However, how this adaption can be done without such a mechanism is
not clearly defined in the available literature. In this study, a delimitation is to use
parametrization that configures a system at compile time.

Research Question 2:

What is an effective software design that can be used to integrate identified services
of external systems into a Service-Oriented embedded system?

Motivation: Based on available research, external systems are commonly integrated
into a Service-Oriented system by employing the Service Consumer and Provider de-
sign pattern. Service provider interacts with a service broker which can make them
available for service consumers. Without the possibility of implementing this design,
services must be integrated in another way. To answer this question, a software
design that can be used to perform the corresponding functionality of the service
consumer /provider pattern without a service broker and a service bus is required.

15
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4.2 Research Design

First and foremost, the term "effective" from the research questions needs to be de-
fined. In this setting, a solution is deemed effective if it successfully satisfies different
stakeholder needs and goals. Stakeholders may range from developers to end-users
of a certain product. Thereby, a stakeholder analysis should be included at some
point during the research execution to be able to motivate if a software design or a
different solution is effective or not.

The research method chosen to develop a possible design is Design Science (DS),
as primarily established for Software Engineering by Wieringa [39]. To answer the
research questions, a practical example of a company that develops software will be
used. This problem is to be solved and thereby finding information that may answer
the questions. Design Science has been found to be an appropriate method to do
this while also discovering knowledge to answer research questions [10]. Alternatives
to DS could be e.g. conducting an intervention (experiment)- or feasibility study. To
perform any of these methods one must have a possible solution ready to apply and
then observe the effects, which may be used to evaluate if the solution is effective.
However, a solution is not prepared at this time. This applies to a simulation study
as well, where a simulation model is needed. The focus of this study needs to be put
on the development and probable effects of a solution itself, not only how it functions
when deployed.

In Design Science research, an artifact (solution) is investigated and improved in
a specific context. This can be implemented in programming code, a structural de-
tail, an electronic system, or some other designed object. In this study, an artifact
that is a software design solution is investigated. The artifact can be implemented in
the Unified Modeling Language (UML). DS also recognizes that the social context,
consisting of a number of different stakeholders, should influence the design solution.
At the core of DS research, there are problem conceptualization, solution/artifact
design, and wvalidation. Problem conceptualization regards how to understand the
problem that needs to be solved by a design. A solution design candidate can then
be created that addresses the problem previously established. The candidate is then
empirically validated to check if it can be applied to the context and solves the
problem. If the candidate is deemed to not be satisfactory during the evaluation,
the process is repeated and a new cycle of the process starts. During these cycles,
new knowledge is systematically found and used to build the complete artifact. This
methodology is described in Figure 4.1 [31]. Central to DS is also the differentia-
tion between design problems and knowledge questions. Design problems require a
change in the world in order to be answered, which is done by meeting the needs
of real stakeholders. A knowledge question can be answered only by retaining new
information. It is common that a problem is at first formulated as a knowledge ques-
tion, and then a design problem is solved by a design solution. Depending on the
problem type, different methods can be applied as specified by Wieringa [39].

In order to be able to use design science research to answer the research questions, the
problem is formulated into a certain context. In this case, a problem is conceptualized
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at a software development department at a construction equipment manufacturer,
based upon a current practical problem. The engineering cycle framework is initiated
by investigating the problem in its context. As the cycle is underway, a number of
knowledge creating activities are performed to move the process between domains,
e.g. from a problem construct (formulation) to a design candidate [31|. These activ-
ities can be both context/practice-dependent or theoretical. At the final step of a
cycle, an empirical validation attempt is done to determine if the solution does solve
the conceptualized problem, originating from the research questions.

Problem domain Solution domain
Theory
Solution
Problem Design
conceptualization ® Create design pattern
in UML
= Research
questions
Problem .
. T Design construct .
Implementation evaluation | construct Solution
/ Problem investigation | Validation

= Stakeholder = Motivate design

analysis Probl choices

i roplem . . = Sensitivity analysis

*  Problem analysis . Solution instance | _ 70 f:y e
= Focus group instance Trade-off analysis

method
= Empirical data .

an;fvsm Solution

Implementation
Practice = Implemeént in

context using UML

Figure 4.1: Research design.

4.3 Engineering Cycle Framework

In practise, Design Science research is conducted using five phases in a cyclic manner.
This cycle is called The Engineering Cycle. These phases are presented as follows [31,
38]:

1. Problem Investigation: During the first phase of a cycle, the focus is to
understand the problem at hand and to describe the problematic aspects.

2. Solution Design: A design candidate is created by using the knowledge from
the Problem Investigation phase.

3. Design Validation: At this phase, the created design is evaluated by investi-
gating if the design would help the stakeholders accomplish their goals.

4. Solution Validation: The design is implemented in the context.

5. Implementation Evaluation: During this last step, the artifact/design as
well as the process is evaluated to increase the knowledge and prepare for a
new iteration.
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During the development of a particular artifact, one may choose to use only the
first three phases of the engineering cycle. This is called the design cycle. If it is
deemed that the design candidate validated at that point is not satisfactory, it can be
appropriate to not proceed to solution validation but start a new cycle and continue
to investigate the problem. The following sections, 4.3.1 to 4.3.5, summarizes the
stages in the development cycle as found in [31] and chapter 3 of [38].

4.3.1 Problem Investigation

To solve the problem in its context, it is necessary to gain sufficient knowledge. Dur-
ing problem investigation, one seeks this necessary information but does not attempt
to solve the problem at hand; the goal is only to describe the problem and its context.
Important questions to answer are: what phenomena exist today, how and why do
they happen and how does the artifact relate to this? At this phase, an analysis of
stakeholders and their needs in relation to the current problem will be performed.
This information can then be used to identify the reasons that make the current
state ineffective and thereafter also how one should focus on the improvement of
the artifact. The ramifications of not solving the problem and leaving it untouched
will be investigated. Four different reasons to investigate a problem can be distin-
guished, where certain aspects are put more into focus than other aspects. One
can use a problem-driven investigation approach, a goal-driven, a solution-driven,
or an impact-driven investigation. These are not exclusive, as for instance, one
could choose to apply a problem-driven investigation and include some aspects of a
solution-driven investigation. The selection will depend on the nature of the problem.

4.3.2 Solution Design

During the solution design phase, the artifact is created or improved in an attempt
to produce a design solution. This should be possible due to the information gained
when investigating the problem. The goals and needs of the stakeholders to the prob-
lem should after this step be met, and the description of how to meet them is the
proposed solution. This includes specifying functional and non-functional require-
ments, and how these relate to the needs of the stakeholders. For the requirements, it
should also be specified how they may be evaluated by "indicators", which are some
measurable properties or other attributes that can be estimated. Design choices can
be made by researching available designs, for instance from the reviewed literature.
Changes may also be derived from collected data of the focus group or interviews.

4.3.3 Design Validation

The design is here evaluated by examining if the proposed design solution would aid
the stakeholders to get closer and meet their goals. During this phase, one should
investigate three knowledge questions. The first is the question of having internal
validity, i.e. that the implemented design would satisfy the problem specified dur-
ing problem investigations. This may be decomposed into a causal question, that
the solution implemented in the intended context would have sought effects. The
question of attained value is also asked, i.e. that the effects attained will satisfy



4.4. Data Collection 19

all stakeholder goals. After internal validity is examined, trade-offs between differ-
ent variations of design can be explored, and how the variations could satisfy the
stakeholders. External validity is lastly examined. Here, the ability of the design
implemented in a different context to solve the problem at hand is investigated. In
other words, how sensitive is the design to the current context, and can it function
as a general solution?

4.3.4 Solution Validation

The design is then implemented. This can be performed in many ways, where for
instance a software problem can be implemented in actual code in the intended
context, or in a prototype. Another alternative is to express the design in some
software model. In this study, design candidates are implemented in UML.

4.3.5 Implementation Evaluation

This step is sometimes regarded as a part of problem investigation, but the purpose
to include it as its unique step is to have a checkpoint where it is decided if a
new iteration of the cycle should be started. Here, the implemented solution is
evaluated in terms of how well it solves the problem and satisfies the stakeholders’
needs. If the stakeholders are satisfied and the problem is deemed solved, the research
questions shall also be answered. This includes generalizing the solution and building
a scientific theory from the contextualized problem and its solution. If the solution
is determined to not sufficiently solve the problem, a new iteration of the cycle is
started.

4.4 Data Collection

This section describes the methods used to gather the required data for the engi-
neering cycle.

4.4.1 Focus Groups

The focus group method is a general, cost-effective data collection tool [15]. It can
provide quick qualitative information and be used in several phases of a study and
in different research methodologies [15]. One possible flaw of the method is that the
attendees of a focus group are required to be knowledgeable of the subject studied.
Using focus groups is however particularly powerful when it comes to generating
feedback on a topic, or new ideas as well as finding potential problems. In this study,
focus groups can be formed by assembling a number of engineers or other practition-
ers at the company.

To apply the focus group method, one may use the following four steps [15].

1. Research planning: Select which topic and questions to study. One should
define the scope of the topic and what not to delve into, as well as define a
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potential hypothesis. The selected topic should be easy enough to understand
and interact with during a short session.

2. Focus group design: Decide on how many sessions to perform, how many
people in each session to involve, and who to invite. Typically, one session
can include four to eight people. Next, the questionnaire to use in the session
should be defined. It should also be decided on who to act as a moderator.
Group dynamics plays an important role when designing the groups, as for
instance age of attendees or knowledge of the topic should be considered. If it
is deemed unsuitable to mix people with varying knowledge in the same group,
segmentation may be used. If the knowledge of attendees will likely affect the
outcome of the focus group session, or if time is limited, one may consider using
pre-session questionnaires to asses how familiar the people are with the topic.

3. Conduct focus group session(s): The focus group session(s) are hosted.
The session should be structured and use a pre-defined schedule. There is an
option to ask additional questions during the session, e.g. to divert from the
prepared questions and explore new questions. The moderator should help
the group by opening deeper discussions in certain areas without affecting the
opinions of the group. However, the moderator will also be responsible for
keeping with the time of the schedule, ensuring that the allocated time will
suffice to go through all questions. It is also required to have a clear strategy
of data capturing. This may be e.g. recording audio, video, or taking notes.
Ideally, data capturing should not be done by the moderator if it requires
actively working with it during the session. One could also consider having a
post-session meeting, where interpretations of the sessions are clarified with the
group. During the sessions, a discussion is instigated by the moderator focused
at the design artifact(s) to find potential threats and points of improvements.
Data is collected during this discussion which are later used to proceed in the
design science cycle.

4. Data analysis and result reporting: Lastly, the data from the session is
analyzed. The method used for analysis is described in Section 4.4.4

Focus groups are used as a data collection method to gather empirical data. This
will be required during problem investigation, design validation and implementation
validation. To collect data from the focus group session, someone will be responsible
for taking notes. A follow-up email with open- or closed-ended questions are included
as support for the attendants to answer. Individuals are also asked to explore further
and explain certain remarks made during the session. The questions are formed based
on what stage at the engineering cycle is in focus during that session. For instance, to
gather data at the problem investigation, questions that regard involved stakeholders
and their needs are asked. The participants of focus groups are working with software
development, with different roles, at the company where the study is performed.

4.4.2 Interviews

Interviews may be used to collect qualitative data, where series of unstructured,
semi-structured or fully structures questions are asked to an interviewee. In this
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study, semi-structured interviews will primarily be used. The purpose of using semi-
structured interviews is to allow for spontaneous exploration, e.g. of the problem
description or design space. Similarly to the data collected from focus groups, the
empirical data collected by interviews are primarily required for problem investi-
gation, design validation and implementation evaluation. Informal Conversational
Interview can be used throughout the execution of the design cycle. However since
it does not follow a pre-defined structure the answers cannot be compared and are
therefore unreliable. Informal interviews will be avoided to some extent but are likely
to occur during the execution [32]. The use of interviews will be prioritized over focus
group sessions depending on the availability of attendees, or when a lengthy conver-
sation might be appropriate. In such cases one may prefer a smaller group to carry
the discussion.

4.4.3 Literature Review

Reviewing literature can be used during the solution design phase of the engineering
cycle. This can include finding potential design candidates, e.g. design patterns.
Especially the literature reviewed in related work are of interest, but also the work
cited in the background. It is less appropriate to use literature for data collection
during other phases, e.g. problem investigation, design validation and implementa-
tion evaluation as these often require empirical data from the specific context. The
applicability of data found through reviewing literature is dependent on how general
a research question, or problem, is. If the practical context dependent variables can
be excluded from a problem, then other sources of data not gathered in the same
context may be used. Runeson et al. describe this in [31], by describing a separation
of a problem- and solution domain, and a separation of theory and practice.

4.4.4 Data Analysis

The method to be used to analyze data will depend on the nature of the gathered
data, which in turn depends on which phase of the design cycle is currently ongo-
ing. Early in the process, primarily exploratory data will be gathered to seek new
knowledge about the problem and its context. This means that open-ended ques-
tions are used in favor over closed questions. The collected data will naturally be
unstructured and in that case, thematic analysis [5] will be used to find patterns and
themes which can be used to progress in the engineering cycle. As the exploratory
data is obtained and a solution begins to take form, the collection method used is
increasingly more close-ended questions that can be used to validate a candidate
design or implementation. The data should be less open for interpretation so that
the validation is reliable.






Chapter 5

Results

5.1 Cyclel

To gather data for the first cycle, interviews were used during problem investigation
and solution validation. A focus group session was held to collect data at the imple-
mentation evaluation. It was prioritized to select people with a background working
with software architecture to some degree since understanding software architecture
is a big part of the problem statement. It should also be noted that everyone included
has experience in working with software development in general, such as coding, as
well. Software architects and product owners at the company regularly code and
review code. During implementation evaluation, a larger group was chosen to be
included to gain more viewpoints on the design.

Table 5.1: Data gathering, 1st cycle.

Phase Collection method Person Role

Problem Investigation Interviews P1 Software Architect
P2 Software Architect
P3 Product Owner

Solution validation Interviews P1 Software Architect
P2 Software Architect

Implementation evaluation Focus group P1 Software Architect
P2 Software Architect
P3 Product Owner
P4 Software Developer
P5 Software Developer
P6 Software Developer

5.1.1 Problem Investigation

Firstly, we establish a baseline that describes the current state of software develop-
ment at the company of Volvo Construction Equipment in Braas, Sweden. Here,
articulated haulers are developed and manufactured that are to be used primarily
for construction and mining operations. In this study, we focus on the interaction
between the software system developed at the Braas site, and software systems that
it collaborates with to compose the full product functionality. The organisation in
Braas carries full machine responsibility, meaning that it is responsible for asserting
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that all systems have been integrated properly. The software system developed here
is thereby commonly an "integrator" in the machine system-of-systems. This inter-
nal system interacts with many other systems, but those systems rarely interact with
each other, instead they signal the internal system that relays data to other external
systems. The internal system of the Braas department interacts with the following
external systems:

1. A complete drive line system.

2. An inertia monitoring unit (IMU).

3. An engine system.

4. An electro-mobility system

5. A gear lever device.

6. An autonomous system that can control the machine and replaces a human
operator.

These external systems are very different, as some are strongly coupled with a hard-
ware device e.g. the gear lever and IMU, whereas some are complex systems. The
internal system can be a client (requesting data) or a server (providing data) in dif-
ferent situations,

Software architects at the department have decided to employ Service-Object-Oriented
Architectures to design the system. The architecture is composed of different Service

Objects that are reusable, autonomous objects that together realize end-to-end ser-

vices. A reference architecture for large vehicles, developed internally within Volvo

AB resulting from an object-oriented design analysis of a large vehicle, is used. From

this reference, service objects that have certain responsibilities are selected for use

in the developed system, i.e. architects migrate objects that hold some suitable

responsibilities from the reference to the actual software architecture. Along with

responsibilities, the relations between them are also carried over.

To integrate the external systems into the software architecture of the internally
developed system, software architects have decided to denote some service objects
as "external" service objects, and thereby incorporate the interactions between sys-
tems. External service objects can be both acting as a client or server in relation to
internal service objects, as shown in Figure 5.1. This originates from the fact that
external systems are required to be able to act as a client and/or server.
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Internal System External System
InternalService ExternalService
+ serviceOperation() +  serviceOperation()

Figure 5.1: Relations between internal and external services.

The architecture, i.e. the responsibilities of- and relations between service objects,
that is obtained by using the process of selecting parts from the reference architec-
ture, is not easy to realize and follow in practice. The responsibilities of external
systems are pre-defined, since the interfaces to the systems are set before acquisi-
tion of the external system, e.g. purchasing a commercial-off-the-shelf component.
These interfaces do not necessarily correspond to the division of responsibilities by
the service objects of the reference architecture. The responsibilities of one service
object from the reference architecture are often shared between the internal and an
external system. This is a result of the division of responsibilities between service
objects in the reference architecture, formed by object-oriented analysis, that was
not done with the various systems in mind. This leads to the creation of new service
objects, not included in the reference architecture, by splitting the responsibilities
of some service object from the reference architecture. While external services are
described in the software architecture as similar to internal ones, they differ in im-
plementation. Internal service objects are instantiated classes that contain often
complicated logic, functionality representing how some aspect of the product should
behave. The external service objects are realized as proxies or stubs, with no logic
more than perhaps interpreting CAN-signals. External service objects are a part of
the internal system, but only act similarly to a translator between the internal and
some external system. Proxies are used for all method calls/service operations where
an internal service object acts as the client. Stubs are used when the internal service
is the provider/server. This is described in Figures 5.2 and 5.3. One reason to use
this design pattern is to make the system agnostic to deployment and communica-
tions media, so that the internal service objects do not have dependencies to any
specific communication media data. This information is encapsulated in the proxies
and stubs.
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«signal»

CAN-signal

Figure 5.2: Implemented design of external service objects when providing services.

InternalService

+

serviceOperation()

Stub

+
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readOnCani): void
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wsignals
CAN-signal

Figure 5.3: Implemented design of external service objects when consuming services.

Next, we explore an example of having an installed combustion or electric engine.
This is one example of variants that the system shall manage, as shown in Figure 5.4.
It describes how two internal service object classes, CombustionEngine and Electri-
cEngine are used to interact with one specific external system each, represented by
one proxy and stub class per internal system class. These proxies and stubs hold a
subset of responsibilities of the service object established from the reference architec-
ture. The internal service object classes hold the remaining functional responsibilities
and a parameter that is used to configure the system at compile-time. Classes are
separated by interfaces. The proxies and stubs are communicating via CAN through

send and receive signals.
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Figure 5.4: Baseline implementation of installed combustion or electric engine.

This phenomenon may be generalized. A service object is either defined based on
some reference architecture or by an analysis of the complete product that results
in an object-oriented design. The results of either method are an object-oriented
design constituted by a number of service objects having certain responsibilities and
relation between these objects. In Figure 5.5, the responsibilities are denoted as
responsibilities X, Y and Z. The total responsibilities(and functionality) of a whole
product are often divided between several systems, e.g. when the development effort
is a collaboration between organisations. As a result of responsibilities of some
external system being pre-defined before development of the internal system, it entails
that the interface to the external system is already set. In SO terms, the interface
corresponds to available services provided by some system. For either of the variants,
it may require to both request and serve data between systems, leading to that a
proxy and stub will be implemented. The systems are denoted as the internal system
and external systems A and B.
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Figure 5.5: Architectural differences between products in a line.

Since the implementation of the internal service object and proxies and stubs are
dissimilar between variants, it has the effect that the structure of service objects
will be different between variants, i.e. the relations between classes. As explained,
it originates from the fact that the "split" of service object responsibilities between
systems is different depending on product variant. With the current way of working,
this effect will persist and a common structure reused between variants cannot be
defined by placing external systems in "external service objects". This also causes
the software to be less understandable for instance when debugging. Analyzing a
piece of functionality may be allocated to a certain service object in variant A, but
divided in one internal service object and one external service object in variant B. We
can also see that the internal implementation is heavily reliant on the CAN-interface
obtained from external systems.

The system is a federated distributed embedded real-time system, where each system
is deployed on a dedicated ECU that is connected to a CAN. The software binary
deployed is one monolithic component per ECU. Only static memory allocation is
used, meaning that all objects are instantiated regardless of whether they are neces-
sary during run-time or not. Testing is done on several levels, including unit-testing
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(L0), simulated binary testing (L2), Hardware In the Loop-tests (L4) and complete
machine testing (L5).

The problem described in Section 5.5, originates from attempting to follow a reference
architecture, or a certain object-oriented design, when developing a software system-
of-systems that is composed of systems from different organisations. In short, the
reference architecture cannot be realized in the embedded object-oriented system
since responsibilities of single objects found in the reference are shared between
multiple organisations. We now identify three stakeholders that are affected by this
problematic phenomenon. First, the software architects and developers that are end
users of the design solution and who implement the code. A fitting design would
for instance decrease work load as reuse of software components is enabled. The
engineering project client is another important stakeholder. He/she has a vested
interest in that the development time and cost is reduced as much as possible. The
results of a stakeholder analysis is described in Table 5.2.

Table 5.2: Stakeholder needs analysis.

Stakeholder Need
Software architect Reduce work of architecture definition
Software developer Reduce work of code implementation

Understand system

Test system

Integrate different systems
Use system in several products

Software project client Reduce cost
Reduce time-to-market
Sufficient time behaviour
Sufficient functional safety

5.1.2 Solution Design

We formulate requirements based on the problem investigation. Table 5.3 and 5.4
describe functional and non-functional (i.e. quality attributes) requirements, as well
as a motivation for their inclusion and which design decision that follows as a result.

Table 5.3: Functional requirements specification.

Functional requirement Motivation Design Decision

The design shall include a soft- Configuration of the system by Keep parameters in Service Ob-
ware element that can adapt at parametrization is a constraint jects used to configure system.
compile time to different config- from the current way of working
urations using a parameter value. at the company. This must still

be possible.
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The design shall include a soft-
ware element that can convert
CAN-signals to identified exter-
nally provided services.

Software developers have de-
scribed that the current integra-
tion of external system is very
coupled with the used interfaces
to external systems. It limits
and constrains the development
and implementation of the inter-
nal system. This appears to be
due to use of the proxy-stub de-
sign pattern used to communi-
cate with "external service ob-
jects".

Chapter 5. Results

Use a wrapper-based design to
define identified services of exter-
nal systems

The design shall include a mech-
anism for the internal system to
request external services.

The internal system is required
to be able to act as a client, and
request data or actions of exter-
nal systems.

The service objects of the inter-
nal system can request services
found in the wrapper(s)

The design shall include a soft-
ware element that make inter-
nal services available for external
systems on the CAN-bus.

The internal system is required
to be able to act as a server, and
acting upon requests of external
systems.

A wrapper based solution is used
for this case as well. Here, a
component that makes requests
of the internal system based on
signals on the CAN is created.

Next, the stakeholder needs are formulated as non-functional requirements, ac-

companied by indicators.

Table 5.4: Non-functional requirements specification.

Quality At- Stakeholder Indicator(s) Design Decision

tribute need /Motivation

Reusability of ar- Reduce work of Reused software  Adhered to by using wrappers to

chitecture, scalabil- architecture defini- structure elements define and use identified services

ity tion, reduce cost, (commonalities), of the internal and external sys-
reduce time-to- effort required to tems.
market modify solution

Reusability of code, Reduce work of Reused lines of Adhered to by using wrappers to

scalability code implementa- code, effort re- define and use identified services

tion quired to modify of the internal and external sys-
solution tems.

Complexity Understand system  Number of Adhered to by using wrappers to
branches, descrip- define and use identified services
tive documentation of the internal and external sys-

tems.

Testability, = com- Unit-test system Number of No action, deemed not worse

plexity branches than current approach.

Interoperability Integrate different  Solution being com-  Adhered to by using wrappers to

systems patible with differ- define and use identified services
ent systems/Effort of the internal and external sys-
required to add new  tems.
external system
Performance Sufficient time be- Execution time to No action, deemed not worse

haviour

responses

than current approach.
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Reliability Sufficient func- Mean time between No action, deemed not worse
tional safety failures than current approach.

The proposed software design is illustrated as UML class diagrams in Figures 5.6
and 5.7.

InternalService ExternalSystemWrapper

ainterface»

ExternalSystemServicelnterface + serviceQperation()

IlConfigurationlhla'rctu K >——H K‘]_ R T e

0
‘ Caninterface ServiceDefinition

Figure 5.6: Services identified of external systems.

InternalService InternalProvidedServices
winterface»

serviceQperation() InternalServicelnteface + sendOnCan(): void
+ readOnCan{): void

"""" 1=+ serviceOperation(): vaid |-
ConfigurationParameter 0.

Canlnterface SerdceDefinition

Figure 5.7: Services identified of the internal system.

5.1.3 Solution Validation

To convert the CAN signals to services can be done in several ways, but one very
common way is to use a wrapper [1,6]. This wrapper owns both the interface to the
available CAN signals as well as how to use the signals to create usable services. We
decided to use one wrapper per external system. Another alternative is to use a com-
plete abstraction layer as done in [11] that converts the API of all external systems
to identified services. The rationale behind our decision of using one wrapper per
external system is to reduce the ripple effects that may occur if one supplier changes
the API of its delivered system. The identified provided services from an external
system are available to internal services by an interface, as we deem it important
to adhere to the interface segregation principle, one of the SOLID [25] principles.
These external services are necessary for the internal service object to use in order to
fulfill its responsibilities, which is the rationale behind the dependency relationship
between the InternalService and the InternalServicelInterface. One can also
argue that the single responsibility principle is upheld, which should make the classes
testable.

An important property to note is that using this design would mean that the owner-
ship of data is moved from the so-called external services into the internal domain, in
comparison to the current state described in Section 5.1.1 and Figure 5.5. Presently,



32 Chapter 5. Results

the ownership of data is allocated to the external systems, when the external sys-
tem supplies the service/functionality over CAN, through a proxy or stub object.
However by using the proposed solution, as an example, if an internal service fetches
vehicle speed using externally provided services, vehicle speed data ownership is now
included in the responsibilities of the internal service. In other words, this design
makes the internal system incorporate also external system functionality. This occurs
since some responsibilities that were previously allocated to some proxy or stub will
be allocated to an internal service (object), for instance the responsibility of knowing
the vehicle speed. However, that is only the case for functionality or data that the
internal system requires to fulfill its total responsibilities. There can still be many
more responsibilities of external systems that are hidden from the viewpoint of the
internal system. Meaning that there is functionality in external systems not needed
to be known in the internal system. This should have the effect that the architec-
tural structure of the software can be reused over an entire product line, even when
replacing the usage of different external systems between variants.

Furthermore, another design is needed for the requirement of making internal ser-
vices available for the external system. The design selected for this is similar to a
gateway, and its responsibilities is to make services available for consumers on the
CAN. This can be both to publish data (for getter service operations) and act on
requests from an external system (i.e. setter service operations). To perform this, it
is required to use a number of relations to interfaces of internal services, and cannot
perform its assigned responsibilities without using these interfaces.

Both design patterns, described and shown in Section 5.1.2 are general and we deem
them insensitive for different contexts, while also being able to scale by adding or
extending wrappers. The candidate design is not dependent on CAN being used as
the communication method between systems, but in this draft the relation to CAN-
signals is specified as a property of the wrappers. To be able to properly evaluate the
design and if it fulfills all stakeholder needs, the design is instantiated in a sample
context which in turn can also be used for evaluation.

Table 5.5 summarizes how and whether or not a requirement previously elicited
has been fulfilled by the candidate design.

Table 5.5: Requirements fulfillment motivation.

Requirement Fulfilled by design de- Motivation
cision

The design shall include Keep parameters in Ser- Fulfilled as it is the current way of adapting
a software element that vice Objects used to con- system.

can adapt at compile time figure system

to different configurations

using a parameter value.
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The design shall include a
software element that can
convert CAN-signals to
identified externally pro-
vided services.

Use a wrapper-based de-
sign to define identified
services of external sys-
tems
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The wrappers provide a software element
where one can translate and process the CAN-
signals to appropriate methods that can be ac-
cessed by the internal software system.

The design shall include a
mechanism for the inter-
nal system to request ex-
ternal services.

The service objects of the
internal system can re-
quest services found in the
wrapper(s)

Service Objects of the internal system may
have dependencies/relations to the wrappers
containing identified services, in order to ful-
fill its responsibilities.

The design shall include
a software element that
make internal services
available  for  external
systems on the CAN-bus.

A wrapper based solution
is used for this case as
well. Here, a component
that makes requests of the
internal system based on
signals on the CAN is cre-
ated

A wrapper that has the responsibility of pro-
viding services by reading and writing data to
the CAN-bus will fulfill this. When an exter-
nal system requests an action of the internal
system, this software element will call certain
methods of service objects based upon some
value in one or more CAN-signals. When an
external system requests data of the internal
system, it will fetch data from service objects
and set an appropriate value to one or more
CAN-signals.

Reusability of architec-
ture, reusability of code,
scalability, complexity, In-
teroperability

Use a wrapper-based de-
sign to define identified
services of the internal and
external systems

Removing external service objects shall pro-
vide less classes which decreases code base.
Service objects found in the internal system
will incorporate all responsibilities related to
the entire internal system by using the wrap-
pers. This should increase the ability to reuse
the software structure between variants.

Interoperability

Use wrappers to provide a
layer of software between
systems.

The use of wrappers between the internal and
external systems de-couples the systems from
each other, making them less dependent on a
specific implementation of other system.

Complexity

Use wrappers to provide
functionality to the inter-
nal system.

The removal of external service objects and in-
stead letting the internal systems incorporate
that responsibilities should increase common-
alities between variants. This problem is de-
scribed in 5.1.1. The more common software
structure should make it easier to understand
the system. The wrappers defined shall pro-
vide understanding of interfaces between sys-
tems

5.1.4 Solution Implementation

We instantiate now the design solution, illustrated in Figure 5.6 and Figure 5.7, in
an exemplary implementation. In Figure 5.8, the previously used example of having
a combustion or electric engine installed is used. There are two classes representing
the service objects holding a parameter that can determine which class is to be used
for the current configuration. These two service objects each depend on one wrapper,
EngineSystemServices and ElectroMobilitySystemServices, to request actions
and data as a client and thereby fulfilling their responsibilities. There is one wrapper
per external system, encapsulating its services.
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Figure 5.8: Instance of external provided services.

Figure 5.9 illustrates how the wrapper for when the internal system is providing ser-
vices, i.e. acting as the server, is instantiated. A wrapper class, ProvidedServices,
fetches data from some service objects, ConvetionalTorqueSupplylInterface, Combus-
tionEnginelnterface and MotionInterface, to output on CAN or makes requests to
service objects based on the values of CAN-signals.
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Figure 5.9: Instance of internal provided services.

5.1.5 Implementation Evaluation

During a focus group session, we evaluated the candidate design and its implemen-
tation in relation to the stakeholder needs that have been established. These results

are explained in Table 5.2.

Table 5.6: Stakeholder needs satisfaction.

Stakeholder need

Satisfied?

Motivation

Reduce work of architecture def-
inition

Yes

The candidate design would lead to more ability to
keep the same software structure in the product line.
Service objects and relations between them is more
likely to be common in the product line. This should
decrease to work needed to create new suitable soft-
ware structure(s) in different variants.

Reduce work of code implemen-
tation

No clear re-
sult

The proposition will lead to both code reduction and
increase. Some of what is currently external service
objects will need to be refactored to internal /regular
service objects. The wrappers will also need to be
created and maintained. However, some of what is
currently external service objects will be possible to
remove.

Understand system

Partially

The new way of handling/integrating external sys-
tems will require some effort to understand, includ-
ing how the wrappers are to be used. However the
internal system will become easier to understand.

Test system

No change

The attendants can not clearly argue that the pro-
posal is better or worse than the current way.

Integrate different systems

Yes

The respondents think that the design proposal will
give better ability integrate the internal system with
external systems, from having a wrapper/layer be-
tween them which decouples the systems.
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Use system in several products Yes
(lines)

Chapter 5. Results

Just as the integration is made easier, the develop-
ers asked express that it will also be easier to use
the software systems in several product line. How-
ever, that does not say that it will be possible and
appropriate to do, just that it is likely easier.

The increase of commonalities of the internal system
for different variants should make it easier to set the
architecture for them. Currently, a lot of work is
needed to find suitable architecture, i.e. define in-
ternal and external service objects and relations be-
tween them, but this is expressed to be easier using
the proposal.

According to the software developers asked, a de-
creased time-to-market can be obtained for the same
reason as cost is reduced.

We assess that the performance is not affected neg-
atively.

Reduce cost Yes
Reduce time-to-market Yes
Sufficient time behaviour No change
Sufficient functional safety No change

The software engineers at the session do not think
that functional safety of the complete product will

be affected positively or negatively.

During the implementation evaluation, two additional stakeholders are identified.
Software system testers verify the software using the CAN-bus signals to verify that
ECU’s perform as intended on a Hardware-In-the-Loop rig. Furthermore, developers
of external systems have a need to be able to see how the internal system can be used
by their system. Both stakeholders need to be able to view the interface between
systems, which is in this case the CAN-signals. Additionally, it should be possible
to define different interfaces to specific external systems when the internal system
provides some services. That is, not all provided services of the internal system
should be available to all other systems. These new requirements are collected in a
new stakeholder needs analysis in Table 5.7.

Table 5.7: Added stakeholder needs analysis.

Stakeholder Need

Software system tester Understand system interfaces

System developer Decrease bus load

External system developer Understand system interfaces

System developer Use solution for communication between sys-

tems internally of a node

We also learned that the solution should not be specific to systems that always
have dedicated ECU’s (nodes). For similar distributed systems that employ a fed-
erated hardware architecture, the different systems will likely be put on individual
nodes and communicate using some bus technology. However, it is also possible that
two separate systems are placed on the same node and do not need e.g. CAN-signals
to communicate, but can do so by internal software signals.
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Some signals or services will be safety classed, meaning that they are involved in
the control of a certain safety classed function. Braking and steering are typical
examples of this. The safety classes signals and services should ideally stand out in
some way to separate them from non-safety classed services. Signals that are coupled
with safety functions may have stronger requirements applied, such as redundancy.

The shift of data ownership from an external system to the internal may entail
that the bus-load increases. This can happen since for instance an internal service
that needs to know an attribute that is obtained from a provided service of an exter-
nal system, should now get the data from an internal service. If these two internal
services are allocated to different nodes, a CAN-signal is needed to move the data
between nodes. However, there must already be a signal carrying the data from an
external system node to the internal service that now owns the data. There will then
be two CAN-signals carrying the same value, one is sent from an external node and
one from an internal.

The purpose of the wrapper can be further specified by calling it an adapter, which
is a common design pattern. An adapter is commonly used to enable objects with
incompatible interfaces to communicate, but also a specific form of a wrapper [3].
Even though adapters are a form of wrappers, using the adapter notation provides
some insight into how it works and what its purpose is. Since not all stakeholder
needs are met (see Table 5.6, we decided to start a new design iteration with this
new information.

5.2 Cycle 2

To gather data for the second cycle, interviews were also used during solution design,
and solution validation.

Table 5.8: Data gathering, 2nd Cycle.

Phase Collection method Person Role
Solution Design Interviews P1 Software Architect
P2 Software Architect
P3 Product Owner
Solution Validation Interviews P1 Software Architect
P2 Software Architect
P3 Product Owner
P5 Software Developer
Implementation evaluation Focus group with post- P1 Software Architect
session questionnaire P2 Software Architect
P3 Product Owner

P5 Software Developer
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5.2.1 Solution Design

From the implementation evaluation in Cycle 1, we found some new functional and
non-functional requirements as described in Tables 5.9 and 5.10. Additionally, re-
marks were provided concerning safety classed CAN-signals. We deem to not take
these into account further, as the proposal should not affect it negatively, and some
delimitations of the scope are necessary to uphold to keep the scope reasonably small.

Table 5.9: Added functional requirements specification, 2nd cycle.

Functional requirement

Motivation

Design Decision

The solution shall include a
mechanism to dedicate internally
provided services to specific ex-
ternal systems.

Dedicating a specific set of ser-
vices to a certain external sys-
tem is needed to control the ser-
vices provided to some external

Define one wrapper per external
system for providing services of
the internal system

system. Otherwise, changes of
a service that some external sys-
tem requires will be forced onto
others as well, which might not
be possible.

A case already exists where more
than one system (from more than
one organisation) are deployed
to one node, and therefore the
CAN-interface does not exist.

The solution shall be non-
sensitive to method of communi-

cation between systems. tion media.

Replace the references to CAN
with a more general communica-

Table 5.10: Added non-functional requirements specification, 2nd cycle.

Quality At- Stakeholder Indicator(s) Design Decision

tribute Need/Mo-
tivation

Understandability Understand  Effort required to Add a new architecture view
interfaces read and view sys- type to the solution. Compo-
between tem interfaces nent diagrams will describe the
systems dependencies between entire sys-

tems.
Performance Decrease bus  Bus traffic required Introduce a way-of-working to

load reduce required CAN-traffic of

the internal system.

We decided to include a new diagram in the solution to adhere to the requirements
of describing how interfaces are dedicated to specific external systems, and fulfill both
new non-functional requirements. To this end, we added a component diagram type,
where a component represents a specific system, either the internal or an external
system. Such an example view is shown in Figure 5.10, where each system has some
important attributes. A system can expose a providing interface, represented by ball
notation, or a required interface, represented by a socket. A system may expose an
arbitrary number of providing and required interfaces. Each ball/lollipop can be
traced to an interface that is used by an adapter(/wrapper) so that there is a traced
relation from a providing interface to an adapter that defines usable services. These



5.2. Cycle 2 39

are included in the class diagrams of Figure 5.11 and Figure 5.12, represented by
ExternalSystemComInterface and ProvidedServicesComInterface. The inter-
faces are an extension of a specific port, which can be either one or more CAN-busses
that the system has access to, or an node internal API. This is the case when several
systems share an ECU.

One addition to the class diagrams describing how services are defined from an ex-
ternal or the internal system was a configuration parameter to the adapters. This
parameter can be used in the situation that two or more external systems are used
for the same functional purpose. For instance, one may employ two different Inertia
Monitor Units from perhaps different subcontractors, that fulfill the same functional-
ity but have a different CAN-signal interface. In this case, one can use a parametriza-
tion of the adapter that is aware of configuration and thus contain the ripple effects
to this level.

We found that it is highly important to be able to reduce CAN-load as a conse-
quence of changing data ownership by some mechanism or strategy. This is described
as follows, and shown in Figure 5.13:

e Fach adapter (ExternalSystemServicesAdapter in Figure 5.13) of external
services shall be able to be instantiated using a subset of the interface required
to define all identified services. This gives the ability to deploy the adapter
on all nodes, and route e.g. a few (CAN-)signals to a node that requires some
service of the adapter. This can for instance be realized using an builder design
pattern [3].

e The internal service, at node X (InternalServiceA), that some other service,
at node Y (InternalServiceB), wishes to invoke shall be deployed as a proxy
on node X (InternalServiceAProxy). This proxy has the knowledge that
certain methods of the internal service interface can be obtained directly from
the adapter. This means that one relies on the competence of the software
developer to deduce when one can use the adapter interface instead of an
internal service interface. In other words, a developer is required to know or be
able to find out whether to call an adapter or the service object on a different
node.

e The proxy then calls the adapter on the same node to retrieve the necessary
information.
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Figure 5.10: System view using component diagram.
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Figure 5.11: External services adapter pattern.
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Figure 5.12: Internal services adapter pattern.

5.2.2 Solution Validation

A trade-off situation appears when considering deployment of the adapters to all
ECU’s. This will in some cases mean some execution of software does not add fur-
ther value. This occurs when an identified service is exactly equal to what is sent
from the external system, e.g. over CAN. A software element will then take the value
of the signal, not modify the value, and define a callable service operation without
making any modification. One could in that case simply use the value directly from
the CAN-signal, without any involvement from the adapter. However, by always
requiring to go to the adapter it decreases some complexity of the solution since any
software engineer during development does not need to understand whether the value
returned from a service operation of the adapter is equal to the value of a certain
CAN-signal. When calling a service operation deployed on a different node, as shown
in Figure 5.13, the engineer still needs to deduce if the proxy can use the adapter
to get the correct return value. The implementation or documentation available for
the service should be sufficient to determine this by the engineer. To summarize this
example, if the reduction of the CAN-bus load and decreased complexity is higher
prioritized than a slightly higher execution time, then the described strategy of de-
ploying all adapters regardless if the adapter has any logic in its service definition,
is more suitable.

By removing all mentions of CAN in the design, the solution is invariant to com-
munication technology used. By this point, the functional and non-functional re-
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quirements are deemed to be fulfilled in relation to the baseline design, described in
Section 5.1.1. The motivation of fulfillment is described in Table 5.11.

Table 5.11: Requirements fulfillment motivation, 2nd cycle.

Requirement

Fulfilled by design decision

Motivation

The solution shall include a
mechanism to dedicate internally
provided services to specific ex-
ternal systems.

Define one wrapper per external
system for provided services.

The design solution is enabled to
dedicate one unique wrapper per
external system which separates
how services are provided to dif-
ferent external systems.

The solution shall be non-
sensitive to method of communi-
cation between systems.

Remove references of CAN.

The design is now invariant of
communication media.

Understandability of interface
between systems

Add component diagram de-
scribing relations between sys-
tems.

The new, top view of systems
show how the systems can invoke
methods of the different adapter-
s/wrappers which provide a way
to understand the interfaces be-
tween systems.

Performance of CAN-bus

Add a described process to use
proxies that can fetch data from
existing CAN signals and not re-
quire new signals.

It is not strictly required to add
new signals if the data exist on
a CAN-bus already, which de-
creased the number of required
signals.

Next, we will implement the candidate design solution and use it for further
evaluation, focusing on how it may fulfill the elicited requirements.

5.2.3 Solution Implementation

We implemented the designs described in Section 5.2.1 in an intended context. First,
an instance of externally provided services is shown in Figure 5.14, where a minor
adaption has been made from iteration 1. Namely that the individual signals have
been replaced with an interface, in order to be able to trace that interface to a
provided interface in a component diagram. Similarly, a corresponding change has
been done to an instance where the internal system provides services, shown in
Figure 5.15. In this diagram, it can also be seen that the wrapper is meant to be
dedicated to one specific external system. The services defined therein are then also

available for that system, in this case a ClimateAppSystem.
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Figure 5.14: Implementation of externally provided services, 2nd cycle.
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Figure 5.15: Implementation of internally provided services, 2nd cycle.

An implemented system view using a component diagram is illustrated in Fig-
ure 5.16. Here, several different relations between systems are described. For one
case, where the external system is a climate app, the internal system is only acting
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as the server to the app, being the client. This corresponds to that the internal sys-
tem only provides an interface and is not using a provided interface of the external
system. Here, the external system is deployed on a node that the internal system
also is deployed on, meaning that the port does not correspond to a CAN-bus but
some API. There is also a case of the reversed situation, where the internal system
is only a client to an external system, being an Inertia Monitoring Unit. Lastly, a
drive line system is both a client and server to the internal system. These systems
then both provide and require an interface to one another. The communication is in
this case done on several CAN-busses.

Climate app system EI Internal System gl

[T—Crm=-=0—1 |

Driveline system

Inertia Monitoring @

Unit I: _;I{:_::_____ _}_[]

Figure 5.16: System view in component diagram.

Finally, an implemented situation of the strategy defined to reduce CAN-load
is shown in Figure 5.17. For simplification, the separation by interfaces have been
removed. It can be seen that in this case, when the service Suspension invokes the
methods getVehicleSpeed() or isBraking(), the correct return value can be acquired
by calling the adapter from the proxy of the service Motion, which is deployed on
a different node, here C1ECU. To be able to deploy the adapter DrivelineSystem-
ServicesAdapter, one must also be able to read the signals, here vehicleSpeed and
brakeState on that node. This can be done e.g. by reading signals directly if the
node is connected to the same bus, or routing the specific signals. However, the
method motionState() is not found in the adapter so for that case it is necessary to
call the service and not the adapter. Then, a new signal connecting the proxy to
Motion would be required.
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Figure 5.17: Implemented strategy of CAN-load reduction.

5.2.4 Implementation Evaluation

We conducted a focus group session to evaluate the implemented candidate design
solution as well as sending out a post-session email with an attached questionnaire.
As the design has changed from the first iteration, all stakeholder needs are used to
evaluate the new candidate since some stakeholder needs that were deemed as fulfilled
may have become less so by the new design. The questions focused on gathering data
to answer if the design fulfills the stakeholder needs. To gather more data from the
attendants, a post-session questionnaire was sent out which the attendants answered.
The questions used can be read in Appendix A. Table 5.12 describes the satisfaction
of the stakeholder needs with motivations.

Table 5.12: Stakeholder needs satisfaction, 2nd Cycle.

Stakeholder need Satisfied? Motivation

Reduce work of architecture def- Yes The solution should be able to give the architecture

inition more robustness and protect it from the implemen-

tation of external systems.

Reduce work of code implemen-  Yes This result is an effect of the architecture being pro-

tation tected. The wrappers/adapters should also be easy

to reuse.

Understand system Yes/Probably The interfacing between systems should be more

clear.

Test system No change There is not any definite reason to say that the can-
w.r.t current didate would be more or less suitable to unit test.
solution

Integrate different systems Yes The design provides complete strategy to integrate

software systems which would make it easier to do
S0.
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Use system in several products Yes The subjects assessment is that because of the in-

(lines) creased reuse of architecture should also entail that
it will be easier to use the software structure between
products and product lines.

Reduce cost Yes Cost may be reduced when the architecture of the
internal system is protected, and the established ref-
erence architecture can be used to a larger extent
without being affected by how some external system
is structured.

Reduce time-to-market Yes Same motivation as "Reduce cost".

Sufficient time behaviour No change The candidate would mean that more classes/ele-
w.r.t current ments are going to be executed in real-time, but that
solution is something that would decrease the response time

of the system.

Understandability of systems in- Yes The interfacing between systems should be more

terfaces clear when specified in adapters or gateways.

Decrease bus load No change Even though the ownership of data moves from an
w.r.t current external system to the internal, it should not mean
solution that new CAN-signals are required.

Use solution using any communi-  Yes The design is general and it should be possible to use

cation media

for representing many forms of communication me-
dia, including internal node signals or CAN-signals.

We decide not to start a new iteration since all stakeholder needs are fulfilled or
regarded as equally satisfactory as the current way of working. It would of course be
possible to attempt finding additional stakeholder needs not discovered or improving
the satisfaction of the ones found. However, the work must be closed sometime and
at this time there does not appear to be any strong motivation to proceed with a

new 1teration.
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Discussion

6.1 Research Questions

RQ1: What is an effective way to make a Service-Oriented embedded system adapt
at compile-time using parametrization to a specific configuration of external systems?

The qualitative data gathered indicates that the effects of variability within a soft-
ware product line concerning how different external systems are employed can be
managed using adapters or an adaptive layer. This mechanism restrains e.g., rip-
ple effects do not affect the internal system in a negative manner, such as decreasing
commonalities of the implementation of a service object. One can apply parametriza-
tion both in the adaptive classes (in an object-oriented programming style) and the
internal system to manage different forms of variability. Parameter configuration of
the internal service objects should be used only when the behaviour of the internal
system should vary in the product line. How the configuration using parameters
allocated to either the internal systems service objects or the adapters should be
performed may become difficult to firmly establish. In an object-oriented setting,
the variability should be handled in the object that encapsulates the entity that
varies.

RQ2: What is an effective software design that can be used to integrate identi-
fied services of external systems into a Service-Oriented embedded system?

Using adapters for performing client requests of an external system and gateways
for the internal system to respond to client requests, as a server, may be used to in-
tegrate a system with external systems. It is our opinion, formulated after conducting
this study, that this can provide an “abstraction-shield” of the internal system and
let that software development organization concern only about its responsibilities,
not about the responsibilities or behaviour of an external system. This is currently
the case at the company being studied, where the external systems are attempted to
be integrated as they were a part of the internal organization. The finding of this
study argues that the current approach is less than ideal, as it can lead to problems
when developing the internal system. It is possible that it is the programmer’s mind-
set that all systems of some product should function as tightly connected as if they
would have been developed by one single organisation, which has led to using the
current architecture. The introduction of a “system-view” by a component diagram
establishes a different way of considering the system-of-systems, where the system

A7



48 Chapter 6. Discussion

developed by the internal organisation is merely one part of a larger system. One
possible drawback that this can entail may be that any organisation is reluctant to
assume complete product responsibility, as it would become more clearly composed
by many different systems. On the other hand, the "system view" can also provide
clearer insights into the division of responsibilities between systems and/or organi-
sations. However, the positive effects that have been described are also relying on
the patterns being implemented correctly. It is possible that developers implement
more functionality than intended in these adaptive classes or layers which can defeat
their purpose. If the designs are used, it should be made clear to everyone how they
should be applied, and especially how not to use them. To this end, it should be
sufficiently communicated to developers using the design how to apply it and what
the purpose of each element is. During the design science cycle, the meaning of the
so-called “service definition” of an adapter or gateway was often discussed. What
should constitute a service of an external system and what functionality may one
allocate to the service definition? This can be up to the developers using the designs
to decide, e.g. if to place only translations of signals to remove the direct dependency
of communication media or more comprehensive logic.

To define the main insight gathered from this study, the two research questions
should be considered together. We have shown that it is possible to facilitate the
integration of external systems in a software product line, where the use and/or
installation of external systems varies throughout the line, by using a wrapping
technique to provide a suitable abstraction of defined external services. Instead of
integrating the architecture of different subsystems, which may entail modeling the
external systems as a part of the internal, it can be beneficial to only consider the in-
ternal system as one individual entity. This system then collaborates by using and /or
being used by external systems to fulfill the complete product that is regarded as
a system-of-systems. This viewpoint of regarding the complete product as a set of
(sub) systems can be compared with the methodology of component based software
engineering |35], which focuses on how to integrate different separate components to
obtain one working product. However, the Service-Orientation aspect has not been
that closely described in the literature, especially in combination with variability [35].
Parizi [29] describes how different developers are moving away from CBSE in favour
of SOA to facilitate interoperability between systems. However, in this study, we
found how difficult that transition may be to do when some of the systems do not
apply the principles of SOA. In [14], a so-called integration architecture is described
how different components (or systems) are integrated to fulfill the full requirements
of a software product. This can be regarded as similar as the "systems view" defined
in this study, e.g. in Figure 5.10.

The software architects at the company expressed the difficulties that arose as a
consequence of not being able to control the interface or architecture of various ex-
ternal systems. This is also described in [30], which explains that there may be
problems with integrating COTS when one wishes to apply certain architectural
patterns. This should be able to be somewhat remedied by the design shown in this
study, i.e. using wrappers to handle the format of the interface, e.g. abstraction,
and a system view to integrate different systems (or components).
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6.2 Validity Threats

6.2.1 Construct Validity

To assess whether the design solution was deemed “effective”, focus groups were held
that discussed the candidate design and its implementation as well as a follow up
questionnaire was provided where the attendants responded to questions regarding
satisfaction of stakeholder needs. This can be read in Appendix A. The questions
were formulated to not be leading so that the responses would not be guided by what
the respondents imagined what the author wished. However, since the questions were
also formulated so that it could be confirmed that the design would be better than
the baseline design in a very straightforward, close-ended way, the risk still exists.
The respondents also are affected by a load in their daily work that may lead to the
responses would be given in order to avoid starting a new iteration, thereby leading
to new focus group sessions or interviews. Since the scope of this study only includes
the creation of a design candidate, the long term effects of applying the design is
not completely known. Ideally, the effects after implementing the proposal should
be studied.

6.2.2 Internal Validity

The internal validity of the results heavily relies on that the subjects involved in
the implementation validation could estimate that the new design would perform
better or worse than the baseline design in satisfying the stakeholder needs. For
some respondents, it is possible that the designs would be difficult to evaluate with
only the UML-diagrams at hand. However, this should have been mitigated by the
follow-up conversation that was held, which presented another opportunity for the
respondents to ask questions. All attendees of focus groups and interviews are how-
ever experienced in desiging software in UML as well as defining the implementation
in code. This gives some confidence that the designs can be evaluated without im-
plementation and evaluation thereafter. It should also be noted that I, the author of
the study, am an employee at the company used to perform the study. It is difficult
to estimate the effect that this had on the result, and on the responses from subjects.
One can speculate that answers were given that my colleagues imagined being de-
sired by myself. However, it is also possible that the already established relationship
may have provided increasingly valid responses, depending on the person. The prob-
lem described had previously been discussed in a more informal manner and some
possible solutions had been considered. The starting design from the first iteration
was however picked from available literature regarding service identification that in-
tegrate different systems, and later improved using the design science methodology.
Even though quite an extensive literature review was done prior to formulating the
research questions, to find a research gap, it is of course possible that there exists
additional non-reviewed literature. The search strings used may have missed impor-
tant synonyms that would have resulted in finding new data that could have steered
the design in a different direction.
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6.2.3 External Validity

The external validity of the results is to some degree threatened by that the sample
of subjects that contributed to the design science process may not be representative
of software developers in general. However, it is likely that it is representative of the
vehicle or embedded software industry as the products share important attributes.
In addition, the people selected for the focus group sessions and/or interviews were
of different backgrounds, including different ages, experience, and specializations of
working focused on coding or architecture. For organisations that develop software
systems that consist of many sub-systems produced by different organisations, the
results should be increasingly valid. Early in the process during the execution of
this study, it was delimited to using CAN-based communication media. Later, this
dependency was removed in favour of general communication, as one requirement
was that the design should hold for internal software signals as well.

6.2.4 Reliability

The study conducted has some reliability concerns. When a methodology as general
as design science is applied at a specific company and its employees, the replicability
will likely be affected poorly, also affecting the reliability. The responses of the fo-
cus group attendees and interviewees are dependent on past experiences, which are
specific to this workplace to some degree. The resulting design has been deemed
to be “effective” by the subjects. However, the definition of “effective” translates to
satisfying the needs of various stakeholders at the company where the study was
conducted. Different stakeholders and people would likely entail that the definition
of effectiveness also changes. As an example, during the design phase, some trade-
offs had to be assessed to choose the most suitable design. However, which choice
is most suitable is clearly dependent on the specific situation and past experiences
of the respondents of the study. At a different company, it is almost certain that
other design decisions would have been made. However, it is still possible that other
organisations that develop similar system-of-system software product lines using Ser-
vice Orientation are experiencing issues of the same nature, and executing the same
methodology there would yield a similar result. The different design patterns at each
cycle were evaluated and improved using an open process, with low formality and
clear guidelines. This consisted of general discussions regarding potential advantages
and drawbacks to the baseline, and comparing alternatives. Using a strict architec-
ture design process could also have resulted in a different design proposal.

Using a more standardized methodology to evaluate and compare different design
solutions, e.g. using the Architecture Tradeoff Analysis Method (ATAM), would per-
haps entail that a different result was obtained. However, the less formal methodol-
ogy applied here and ATAM both use a stakeholder- and quality attribute focus to
compare architectures, along with sensitivity and trade-off analysis. It is therefore
likely that the potential result of using e.g. ATAM would be similar.
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6.3 Conclusions and Recommendations

In this thesis, we have described the problematic questions that can arise when de-
veloping a software system that is required to interact and collaborate in different
ways with other software systems. Together, this system-of-system composes a full
software product. The compatibility may be poor when integrating different systems
which do not necessarily follow the same architectural principles or reference architec-
ture, such as a Service-oriented architecture style. These problems are also amplified
when considering the development of a software product line, where different sys-
tems may be replaced, added, or removed for specific variants. For an organization
that develops one of the systems in such an environment, a strategy for handling its
so-called “external systems” can be beneficial. We have defined an external system
as some system that the “internal” organization cannot fully control. For example,
the API to different systems of suppliers is often defined at purchase and cannot be
changed upon request. This also entails that the responsibilities between systems
are also often pre-defined.

We have shown that the integration of a Service-oriented system that uses CAN-
based communication media with different external systems can be handled by tak-
ing influence from how the integration of legacy devices and systems has been solved
by “service identification” strategies. Such studies have previously been conducted
when reusing legacy systems or devices in a Service-Oriented system. Often, the
solution is comprised of using a wrapper or abstraction layers to make the device
or system compatible. However, these methods relied on the existence of Ethernet-
based communication, which is usually much more high-capacity than CAN. A CAN
is also configured manually, by specifying the signals between systems at design time.
This leads to the self-adapting mechanism often used in SOA, a broker design, is not
applicable. However, the compatibility benefits of the solutions described in these
studies can still be obtained by following a similar design.

The result of this study shows how a wrapper-based design of providing services
of internal as well as invoking services of external systems can be applied. For pro-
viding services to other systems, several gateways can be implemented that dedicate
specific services of the internal system to specific systems in order to handle the in-
terfacing between these systems in an understandable way. When requesting services
from external systems, an adapter-like approach was used. This provides the ability
to, for instance, control the abstraction of the external functionality requested as well
as remove the dependency on communication media used in that context, making
the internal system be less dependent on the environment.

As the software design was not implemented in actual code, only modeled as in-
stances using UML, it is difficult to determine how much the described benefits
would be realizable. For example, there is a possibility that developers would reject
the ideas since it would lead to more classes, and also possibly more code having to
be written, to the benefit of e.g. reuse of code and reused software structure.

The lessons learned from the company and current situation is that it will be difficult
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to approach the integration of external systems with the internal system like they
are developed closely and as parts of the same system. Instead, one should have a
“buffer zone” to protect the architecture of the internal system and not have to make
large changes due to an external system. The gateways and adapters constitute this
“buffer zone”. As the interfaces between systems may change over a product line,
and therefore also the responsibilities, when developing the software of the internal
system, it may be beneficial to let the internal services incorporate responsibilities
of external systems. This can lead to that the software architecture of the internal
system is less affected by changes of external systems and less different between spe-
cific variants compared to using the current approach.

The basis of the research questions formed was that the CAN-based communica-
tion medium is so different from Ethernet that a different integration and adaption
strategy is required. However, regarding future work, it may be worth investigating
how one can attain a similar self-adaptive, plug-and-play behaviour even when using
a CAN of low capacity. Can a service broker be responsible for brokering services
on a CAN? This may be possible if, for instance, a more effective signaling strategy
is employed. The resultant design of this study is likely largely dependent on the
company and software developers working there, which is why one would also be
interested in seeing how the result can differ if the same study is performed at a
different company, or in a different industry.
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Appendix A

2nd Cycle Implementation Evaluation
Questionnaire

For all questions, please provide a short answer (yes/no/equal) and a motivation.

Do you think that using the proposed solution, in relation to the current way:

1.

2.

Would lead to increased reuse of software structures? (architecture)
Would lead to further reuse of code?

Would require less effort to understand the complete system(-of-systems) and
how it functions?

Is more suitable to unit-test?
Require less effort(work) to add, replace or remove external systems?
Require less can traffic?

Require less effort to understand the interface between systems in terms of
individual signals?

Lead to higher reliability /availability, (e.g. by decreasing down-time)?

Do you think the proposal would increase or decrease performance (execution,
response time)?
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