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Abstract

Software maintenance forms a crucial activity of any viable software system. Some-
times it becomes the most expensive and time-consuming phase in the life cycle of
the software product. Software maintainability on the other hand, measures how
easy it is for a software product to be modi�ed. Since software products are growing
fast and are becoming more sophisticated over time, measuring the maintainability
during early stages of the development process, such as the phase of designing mod-
els, will be vital for reducing costs and improving quality of later stages. Our Study
focused on studying software models presented in SystemWeaver, one of the systems
that utilises models extensively for a wide range of industrial purposes. We analysed
the structures of the models collected and used their revision history to obtain more
knowledge and de�ne situations re�ecting some of the maintenance issues that the
developers faced during their development activities. Many of the de�ned situations
were con�rmed later by interviewing experts in the collected data. The con�rmed
situations, named patterns, were used to validate a set of maintainability metrics
which were extracted from literature and other research. The correlation tests for
validating the mentioned metrics showed promising results and proved that metrics
can be good candidates for measuring the maintainability of models. The results
of this study included (1) a prove that struggles during the development processes
can be recognised by inspecting some occurring patterns. (2) metrics can be used
to measure the maintainability of models such as the set of metrics we provided at
the �nal chapter of this report.

Keywords: Computer science, Software engineering, Case study, Models, Maintain-
ability, Patterns, Metrics.
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1
Introduction

Software maintenance forms a crucial activity of any viable software system. Some-
times it can become the most expensive and time-consuming phase within the soft-
ware life cycle [4]. Costs of maintenance increase over time as software products
develop and gain more complexity [4], therefore, it is essential for maintainers to pre-
dict the �degree of e�ectiveness and e�ciency with which a system can be modi�ed�
[1] during its continuous evolving to conform to new requirements, �xes, hardware
changes as well as technology updates.

Software maintainability on the other hand, is a quality identi�ed as �the capability
of a software product to be modi�ed� [2]. In other words, maintainability measures
�the ease with which a software system or component can be modi�ed to correct
faults, improve performance and characteristics, or adapt to a changed environment�
[3]. Development activities can complicate the source code and drift it from its
original design, making the measuring of the maintainability harder through time
[4]. As a result, keeping an eye on the maintainability during the early stages of the
software creation process is vital in reducing �nal costs and improving the quality
of later stages [5].

1.1 Software Models

Software development processes, such as the uni�ed process (UP), are usually ar-
chitectural centric and relies extensively on models. Models, on the other hand, are
important as they shape both problems and solutions. �A model is a simpli�cation
of reality that helps us master a large, complex system that cannot be comprehended
easily in its entirety� [25]. Moreover, as industrial software systems are growing and
becoming more sophisticated, an essential need to segregate the industrial problems
from implementation is required. Software models aid in this area through express-
ing such systems at multiple levels of abstraction and a variety of perspectives [19].
As a result, having a system developed and built based on models means that the
maintainability of such models might be related to the maintainability of the derived
�nal product.

1



1. Introduction

1.2 Measuring Maintainability

Measuring maintainability has been a challenge for both practitioners and researchers
at the same time. Practitioners �nd it hard as it requires a deep understanding of
the systems, which is an obstacle when people measuring the maintainability are
not the same ones who were involved in development phases [6]. On the other hand,
researchers have lots of areas to cover regarding maintainability, some of them in-
clude various software artefacts (e.g. requirements, designs, models and code), while
others cover di�erent aspects like enterprise architectures and their relation to the
maintainability of software products [5]. Measuring maintainability in such areas
require �nding metrics that ��rst understand the characteristics of maintainable
software and then attempt to measure them� [7].

In traditional software development processes like OOP, developers use code metrics
to indicate which parts of the system are too hard to maintain. Based on that, they
take corrective actions like refactoring [4] or applying code reviews to keep the
code in a maintainable state. However, this is not applicable in the early stages
of software development processes where the focus is on models (e.g. model-driven
software development). Therefore, it seem to be useful to identify a set of metrics
that can evaluate the maintainability of models and provide a mean of measuring it
in such early phases of development.

1.3 Maintainability of Models

Model Driven Software Development (MDSD) helps in separating the business de-
sign from software system design as it generates an abstraction of code to be used
within a de�ned domain, mostly an industrial one. It also enables developing com-
plex systems through presenting concepts that are much less bound to the underlying
implementation technology and much closer to the problem domain itself [8].

Accordingly, MDSD promises to improve maintainability during the evolution of
the system over conventional development approaches [9]. However, in MDSD users
may not be aware of the software quality as their roles will mostly be restricted
to designing the domain speci�cations and characteristics. Designers may lack the
experience and/or the understanding of the domain and they may not consider
the quality attributes within the design. Consequently, this will create aggregated
problems within the �nal design leading to unmaintainable products in the future.

1.4 Aim of Study

The study aims at identifying metrics that support assessing the maintainability of
models to help the designers evaluate their quality. The focus will be on the models
created and used in SystemWeaver, which is a model-driven software development
environment representing its models as items connected to each other. Despite the
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used environment, we hope that the �nal results will be applicable to general soft-
ware models as the ones studied share many characteristics with them but are tied
to a speci�c industrial domain. However, this is not a promise and it might require
further studies to impose that.

The research will de�ne some situations or patterns representing maintainability
issues in the models of SystemWeaver and then identify a list of metrics derived
from literature. At the end, a comparison between the measures of the identi�ed
metrics and the results of the de�ned patterns will be applied to indicate how good
can the metrics be in expressing the maintainability of models.

1.5 Report Sections

Following this chapter, a generic background will be presented in chapter 2 to cover
the tools, the techniques and the scope which this study will focus on. A brief history
of research and related work will come next in chapter 3 introducing terminologies
and metrics used for measuring di�erent maintainability aspects. The chapter 4,
will go through the methodologies adapted and followed by our study to answer our
research questions. However, this chapter will also de�ne a set characteristics and
metrics to be used in generating tangible results later. The actual results will be
introduced and described in chapter 5, while the generated values will be listed in
appendixes (B, C, D, E, F,G and H). The last two chapters in our report, chapter 6
and chapter 7, will be saved for presenting our discussion and drawing conclusions
based on the mentioned results.
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2
Background

This chapter presents information regarding the environment, the tools, the tech-
niques and the scope which our study is going to focus on.

2.1 Systemite and SystemWeaver

The company, Systemite, has been in the industry for more than 20 years now, sup-
porting the activities of many development teams and helping them manage their
increasingly complex environments in the digital transformation of system engineer-
ing. Their main software product, SystemWeaver, which is the tool used by our
study, delivers integrated information management and e�ective communication for
fast-paced agile work�ows [17].

SystemWeaver is one of the systems that utilises models extensively. Customers can
build their own models using di�erent artefacts (e.g. requirements and con�gura-
tions) which are represented as items in the system. These items support designing
the models by playing the role of a carrier of relevant information. It is worth not-
ing that the models contain design components (e.g. parts, attributes and relations)
and can include connectors or be connected to other models as well (model branches).

The bene�ts promised by SystemWeaver are provided through a set of three inte-
grated applications. The server application, which hosts a database containing all
the data and enables real-time updates between all connected clients. The archi-
tect application, used for generating meta-models which form the backbone of the
models in the system and de�ne their relations and attributes. And �nally, the
client application which counts on the meta models to generate all needed models
according to the required speci�cations.

Accessing the data stored in the database is restricted to the architect and client
applications. However, an API exists in case the two mentioned applications cannot
support the operations needed on the data.

2.2 Meta Models in SystemWeaver

A meta model is a group of formalised statements that are used to build or describe
models based on prede�ned structure and concepts [24].
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2. Background

In SystemWeaver a meta model contains the de�ned building blocks used to build
models as well as the rules for specifying such blocks. The basic building blocks of
a meta model in SystemWeaver are: Items, Parts and Attributes.

An item (or node) is the smallest reusable object in SystemWeaver. It can be used
as a standalone entity or as a piece of another item. Each item has a type which
determines, for example, what parts the item is allowed to have. You will often
recognise item types by their icon, but an item type is also identi�ed with unique
identi�ers. Tracking changes on items is possible through a revision history that is
available for each one.

A part is a link or a relationship among de�ned items. Parts are owned by items
themselves and also have types. We will call parts as links or connections for sim-
plicity and their direction is important as it de�nes the dependency. For instance,
a part going from item A to item B, makes the item A a parent to item B and item
B a child for item A.

Figure 2.11 shows an example of a meta-model designed in SystemWeaver. The
boxes represent items, and their types can be seen in the top right corner of each
box. Arrows between boxes represent parts, the name of the part is printed on the
arrow and the type of the part can be found in the parentheses.

Attributes on the other hand, are used to describe items as well as parts in a struc-
tured manner compared to just using free texts. There are two categories of at-
tributes, default ones for each created item or part, and additional custom ones
which can be speci�ed when designing the meta-model. The values of these at-
tributes can be edited in the system depending on the type that the attribute has.
Figure 2.21 shows how to edit the values of the attributes of one item.

2.3 Report Terminology

In the following we de�ne a few terms that will be used throughout this report.

Root Item: A root item or a top item is the �rst item in the hierarchy of a meta
model or a model. Other items in the model come beneath such item in the hierar-
chy. Figure 2.1 shows the root item named as �Speci�cation architecture�

Inner Item: An inner item is an item available in the hierarchy of a meta model
or a model that is not a root item and owns at least one part. The item �Feature�
is an example of an inner item in the meta model shown in Figure 2.1.

Leaf Item: A leaf item is an item available in the hierarchy that is not a root item
nor an inner item like the �Feature requirement� in Figure 2.1.

1Retrieved from https://support.systemweaver.se/support/solutions/
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Figure 2.1: Example of a requirement meta model in SystemWeaver

Figure 2.2: Example of item attributes in SystemWeaver

Item Level: The term item level or item depth indicates the number of connections
(parts) that an item needs to follow in order to reach the root item. Root Items
have the Level 0. The box representing Function requirement in Figure 2.1 would
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have a level of 3.

Item Handle: A handle is a unique numeric identi�er that distinguishes any item,
it can be considered as a key which is used to fetch a speci�c item in the database.
When an item is changed, it acquires a new handle. However, each item keeps a
record of its original handle (called top handle) throughout its life cycle. The �rst
version of any item will have a top handle identical to its handle.

SystemWeaver Identi�er (SID): An SID is a unique textual identi�er that re-
�ects a type. SIDs distinguishes an item or a part from others, in Figure 2.1, a
function is identi�ed by the SID: FUN.

Model Version (Model): The term model version will be used to refer to any
model of the models available in SystemWeaver database at a speci�c period of time.
The version number of a model is related to the versions of its items. Therefore,
when items are changed (upgraded to newer versions) the related model will get a
increase in version number.

Model Group: A model group is a set of model versions which are related together
(their root items have identical top handles) and were developed over time to sup-
port a life cycle of a product. It can be seen as a software that went through a set of
iterations during development. Therefore, a model group in this case will be all the
produced model versions combined in a group and distinguished by version numbers.

The model shown earlier in Figure 2.1 has some of the previously explained termi-
nologies in bold texts.

2.4 Software Models

Figure 2.3 shows an example of a software model in the form of a UML diagram2.
In this diagram we can see some base classes (inner-items) such as the �Car� class,
as well as child classes (leaf-items) like �Engine� and �Body�. The main class for
this diagram, or the root class, is the �Car Model� which represents a very abstract
concept that a �Car� can inherit from.

The links between the classes de�ne the relationships and dependency between their
objects, for example, each �Car� can have one �Engine�, one �Body�, but one or
more �Suspension� systems. Thus, the abstract concept �Car Model� can be an
umbrella of many di�erent �Cars�. The objects instantiated from the mentioned
classes can di�er according to the values of their own attributes and/or related
children's attributes. For instance, changing the �Body� and the �Engine� (or any
leaf-item in general) can produce a new �Car� object.

2Retrieved from https://online.visual-paradigm.com/diagrams/features/uml-tool/
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Figure 2.3: Example of a software model - UML diagram

2.5 SystemWeaver Models

Models in SystemWeaver supports managing a wide variety of domains. For in-
stance, a feature model would describe the features of a product and a design model
will contain all aesthetics components. Similarly, a requirement model, e.g. the one
partly shown in Figure 2.1, would manage all the requirement-related activities of
a product like managing versions, con�guration, attributes and others. Moreover,
a hardware model would contain a set of components representing the hardware
circuits, while a network model would be expected to describe the communications
between those hardware components as signals.

By identifying such models and many others, and specifying the way that compo-
nents relate together, SystemWeaver can provide a capability of generating speci�-
cations of products easily and automatically.

Looking back at Figure 2.1, we can see that the meta-model, similarly to the mod-
els described in section 2.4, has items and links. The complexity of the structure
depends on the number of available inner-items and leaf-items, as more items will
require more management (attributes, links and relations ... etc). Figure 2.4 shows
the corresponding tree structure of the aforementioned meta-model.
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