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GLOSSARY

Base case. The smallest unit of functionality that allows the system to
petform its primary function. In the case of time and activity management
systems, the base case allows the person to enter 2 comment describing the
activities they performed for a certain amount of time on a certain date.

Cluster. A group of classes that together provide particular functionality
(implement a particular group of features) for the application.

Common base. A group of clusters that is common to most applications
within a domain. In the case of time and activity management systems, the
common base includes clusters related to time entry, user management, task
management, company structure, and excludes payroll, accrual, invoice
generation, etc.

CRUD. Create, Read, Update, Delete — basic functions in data storage and
user intetfaces.

ERD. Entity-relational diagram used to model relational data structures.

Feature. As used in this work, denotes a particular functional property of
an application. Features are documented via use cases. Classes addressing
closely-related features are grouped into functionality clusters. Duting the
system generation stage, each invoke() statement in the VML invocation file
corresponds to a feature.

Invocation file. File containing VML invoke() statements, each of which
corresponds to a feature. By parsing the invocation file, the VML4Umple
compiler generates code for each feature in the order listed.

Product line. Several products that have many common elements and a
few elements that differ from one to others.

TAM systems. Time and Activity Management systems — systems that deal
with time entry against activities, such as personal time management utilities
and business employee time tracking.

UL User Interface — means by which the users interact with a system. Used
here to primarily denote graphical user interfaces.

UML. Unified Modeling Language, general-purpose modeling language
accompanied by graphical notation.



UMLet. Tool geared towards graphical UML modeling.
Umple. Textual modeling language based on UML.

VML. Varability Modelling Language, language for modeling
commonalities and variabilities in software product lines.

VMLAUmple. Product line modeling language whete VML is used for
hierarchical model of features, whereas Umple is used to model the actual
feature implementation.



ABSTRACT

This thesis investigates a product line derivation methodology to create a
variability model of a whole domain. From this variability model, we can
then use one-step code generation to create distinct products that meet

differing sets of requirements.

We detive a time and activity management (TAM) product line from four
existing systems using out methodology. We describe the product line using
the VMLAUmple language we adopt by combining the strengths of VML
and Umple notations. From this we show how it is possible to generate any
number of Umple models of TAM systems, each with a different
combination of features. The results can be compiled to either Java or PHP,

allowing for rapid development of TAM systems.



CHAPTER 1

INTRODUCTION

1.1. Motivation and Objectives

Every business needs to track the time worked by employees. Many companies
that perform work for multiple clients need a more precise time tracking scheme
that captures the amount of time spent working on a particular project, so that
the corresponding client can then be billed accordingly. The time tracking needs
vary based on the nature of a business: what works well at a medical clinic or a
lawyet's office might not work at a software development company or a
university. Additionally, individuals need to manage time on personal projects, be

it paid wortk, study time, or errands.

The need of tracking time leads to development of time tracking applications. A
business can either buy an off-the-shelf application to track its employees' time,
pay a subsctiption fee to access a remotely-hosted application, or develop an in-
house system to address their needs. Many time tracking systems have sprung to
life — both commercial and open soutce, — similar in goals but differing in
implementation. As a result, unless a company can afford developing an
application in-house, they have to settle for one of the existing systems, which
might not fit their business model well. This leads to adjustments whete a

company either has to modify its business processes to fit the time tracking tool,
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ot has to pay for customization of the tool to suit its needs. This in turn leads to
the existence of many versions of a tool, each slightly different from the others,

making maintenance a nightmare.

Based on the commonalities among the time tracking tools, as well as some
differences among them that address varying business needs, the time tracking
tool domain appears to be a good candidate for a product line. Once a product
line is created, an application suiting a particular set of business needs can be
rapidly developed from the common base. The product line can then be
expanded with new features if needed without having to re-develop the

functionality used in the existing systems.

This work addresses the following problems:

P1. The need to te-write systems from scratch within a domain where most

systems are similar.

P2. Difficulties maintaining multiple versions of the same system that have slight

differences.

P3. Inability of the current generation of product line tools to work in a way that

is model-driven.

Our objectives to combat those problems are:



O1. Generate a product line for a domain where most systems are similat. This
will remove the need to re-write systems from scratch (addressing P1) and

simplify maintenance (addressing P2).

02. Find a combination of product line tools and notations that allows for

model-driven development (addressing P3).

03. Attempt to derive a general methodology from the steps used to achieve O1

(allowing to solve P1 and P2 for multiple domains).

1.2. Audience

The TAM product line research is intended to make the rapid application
development possible in the time and activity management domain. Thus, the
target audience of this research includes the developers working on TAM

systems.

The product line approach, applicable in the TAM domain, can be applied in
other domains, in which case the methodology used in this research would be of
help. Someone might like to model a more specific case of TAM applications,
such as appointment-based time tracking used in clinics, or a course-based time
tracking used in universities. Domains other than time tracking might benefit
from a product line approach as well. In each case our methodology and

modeling language choices would serve as an example. The case studies are



extensively documented (Levin, 2009) with each modeling stage captuted in UML

models as well as explained in text.

We also showcase the model-driven analysis using the Umple language, which has
compact syntax and powerful capabilities. It allows for the model and code
synchronization, as well as generation of object-otiented application code.
Developers or modelers interested in using Umple in their projects might find

our case studies useful.

1.3. Organization

In Chapter 2, we begin with an overview of purpose of software modeling, and
several modeling notations. Our focus is primarily on UML and Umple notations,
as they are used in our case studies. We also teview the research on product

families and product lines, focusing on ways to express application varabilities.

Chapter 3 contains case studies of the four time and activity management
applications: Klok, Leia, Anuko Time Tracker, and TimeTrex. Klok is a free,
stand-alone, closed source application. Leia is a proprietary web-based
application, although we do have access to its database design and source code.
Anuko Time Tracker and TimeTrex are both open soutce web-based
applications. The case studies are extensively documented: all the models that

could not fit into this work can be viewed online (Levin, 2009).



In Chapter 4, we describe the methodology used to derive the time and activity
management product line, followed by the detailed step-by-step analysis of each
application's features and ways they are represented within the product line. At
the end of Chapter 4, we present the complete TAM product line together with
invocation examples for the time tracking applications. More examples can be

seen online (Levin, 2009).

Chapter 5 contains the summary and discussion of our findings, as well as

possible directions for future work.

There are four Appendices, each containing support materials for a particular
case study, including an application interface screenshot and use cases addressed
by the application. Additional support materials for the case studies can be

viewed online (Levin, 2009).



CHAPTER 2

MODELING AND PRODUCT LINES

In our research, we use architectural modeling to provide a high-level overview of
time and activity management systems. Modeling allows us to operate on a high
level of abstraction, so that we may compare varying systems while disregarding
implementation differences. Section 2.1 provides a brief discussion of concerns

that are addressed by our models and the details we have chosen to omit.

Time and activity management applications are similar in their data models, as
they all keep track of the same information. Thus we have chosen to use UML
class diagrams in our case studies to model and compare different applications. A

brief description of UML follows in Section 2.2.

UML, being primarily a graphical notation, is not well-suited for automated
model processing, analysis, and code generation. To address this, we have turned
to Umple — a textual language based on UML, allowing us to express class

diagrams as textual models. Umple is desctibed in Section 2.3.

As we are looking at applications that exhibit certain similarities, while still having

a few differences among them, we have chosen to treat them as a product line of



time and activity management software. An ovetview of product lines and

product families is presented in Section 2.4.

Therte are multiple ways to express commonalities and variabilities among
products that comprise a product line. Section 2.5 contains a discussion of
existing methods, their advantages and shortcomings, focusing on VML — a
notation we chose to model the time and activity management product line.

Section 2.6 gives an overview of the technologies we selected for our research.

In this work, we analyze and model only the data structures of the applications.
This is done for simplicity. Our methodology, however, is not constrained to the
data layer. Umple (and thus VML4Umple) is capable of handling arbitrary Java
code, so it can theoretically be used for business logic. A more formal
representation of logic in state machines and constraints would be an
improvement, and is already under development. Automated Ul generation from
Umple models is also in progress. Thus, our product line model allows for

generation of data structures and business logic.

2.1. Modeling Purpose and Notations

According to Taylor et al, “An architectural model is an artifact that captures
some or all of the design decisions that comprise a system’s architecture.
Architectural modeling is the retficaion and documentation of those design

decisions... An architectural modeling notation is a language or means of
7



capturing design decisions.”(Taylor et al, 2009) Additionally, some modeling
notations (for instance, UML) are used to capture requirements, functional
design, and data design. We have compiled a technical report on modeling
notations, which details a variety of Architecture Description Languages (ADLs).
Here we summarize our findings. For more detailed view, please see the report

itself at (Levin, 2009).

In the report, we have analyzed and compared the following modeling notations:
natural language; informal graphical styles; Unified Modeling Language (Booch et
al., 1999; Object Management Group, 2008); ecarly Architecture Description
Languages — Darwin (Imperial College, 1997), Rapide (Luckham et al., 1995), and
Wright (Allen et al., 1997); domain-specific and style-specific Architecture
Description Languages — Koala (Ommering et al., 2000), Weaves (Gotlick et al.,
1991), and AADL (Feiler et al, 2006); extensible Architecture Description
Languages — Acme (Garlan et al, 1997), ADML (Spenset, 2000), and xADL
(Dashofy et al., 2005); User Requirements Notation (Weiss et al., 2005; University
of Toronto, 2000); and Dialog Flow Notation (Book et al., 2003; Book et al.,

2004).

One of the modeling notations covered in our report is especially interesting, as it
concerns architecture of a product family. Koala (Ommering et al, 2000)
language developed by Philips is used to describe the architecture of consumer

electronic devices. Koala models are closely tied to implementation and thus can
8



be automatically verified for correctness and completeness. Ideally, this is the
point at which we would like to arrve with modeling, implementing, and

vetifying the systems belonging to the time and activity management product line.

Basic architectural concepts captured in the models are components, connectors,
interfaces, configurations, and rationale for architectural decisions. Architectures
may include static as well as dynamic aspects (those that change over time), and
modeling notations exist to captute both. Dynamic aspects can be modeled using
static models or dynamic models (those that visualize the behaviour of a running
system and are updated on-the-fly). Modeling in our case studies is concerned
with static aspects, as we are dealing with use cases and data representations of

the systems, neither of which changes at run-time.

Systems may include functional aspects (system’s functionality) and non-
functional aspects (constraints on what a system does). We focus on modeling

functional aspects, as we try to generalize behaviour of several systems.

A model can be associated with several visualizations, where each visualization is
a different way of representing the information organized by the model. Some
notations, like UML, have a canonical visualizatibn. There are three types of
visualizations: textual, graphical, and hybrid. Textual visualizations are easily
accessible and editable; they can store the entirety of the model in one file; they

can be patrsed, processed, and automated if their syntax is associated with a



particular meta-language. However, textual representations are linear and do not
work well for graph-like structure depiction. Graphical visualizations are best at
depicting spatial information, presenting additional information such as colours,
symbols, and other decorations, scrolling, zooming, showing and hiding elements,
and being directly manipulated with a mouse. However, they depend on costly
tools and cannot be directly used in automated processing. Hybrid visualizations
combine graphical and textual elements (such as UML with annotations in OCL

(Object Management Group, 2009)).

In our research, we use graphical visualizations to represent the time and activity
management systems during the modeling stage. This allows us to determine the
similarities and differences in models easily, based on visual models. At later
stages, to facilitate automated code generation, we convert the models from the

UML graphical visualization to the textual representation in Umple.

Modeling includes a trade-off between flexibility of being able to desctibe a
variety of systems and being able to utilize the semantically powerful features of
more strict notations for automating model manipulation. We focus on class
diagrams textually represented in Umple, since that allows us to automate code

generation.

The majority of models developed during our work are presented n UML, using

the UMLet (Auer et al., 2003) graphical modeling tool. To manipulate the models

10



textually, we use Umple (Forward et al., 2009), a text-based modeling language
that compiles to Java or PHP. We have written a converter in Java to transform
UMLet XML-based files to the Umple notation. To model the product line
vatiabilities and the invocation for the TAM applications, we used the Variability
Modelling Language (VML) (Loughran et al., 2008). The final product line model
is thus expressed in our adaptation of VML combined with Umple which we call
VML4Umple. To generate a particular system from the domain, we create a file
that uses VML invoke() statements to list the required features for the system.
The combination of the product line model and the invocation file can then be
processed by the VML4Umple compiler that can generate the application code
either in Umple, of in an object-otiented language. Currently Java and PHP code

generation is supported.

2.2. Unified Modeling Language

Unified Modeling Language (UML) brings together concepts from several earlier
notations: Booch diagrams (Booch, 1986), OMT (Rumbaugh et al., 1991), OOSE
(Jacobson et al., 1992), and Statecharts (Harel, 1987). It is an extensive notation
with multiple viewpoints, allowing for both static (class and use case diagrams)

and dynamic (activity and state diagrams) aspect modeling.

UML started as a design modeling language and as of UML 2.0 support has been

added for architectural modeling (Taylor et al., 2009). UML is supported by a

11



variety of open source and proprietary tools. In our research, we use an open-
source UML visualization tool called UMLet (Auer et al., 2003). It is available as a
stand-alone application as well as an Eclipse plug-in. The models are stored in a
notation that uses XML and can be exported to JPG, PDF, EPS, and SVG. In
the course of our research, we have also written an UMLet to Umple converter

for UML class diagrams, in Java.

UML has several advantages over other notations: there is a multitude of
constructs such as classes, associations, states and activities; multiple viewpoints
are supported; it allows for static and dynamic aspect modeling; and it is widely
adopted. Through a variety of viewpoints, UML can capture the information at
different levels of abstraction, thus aiding design and architecture stages of

development.

Details of UML semantics can be found in the UML specification (Object
Management Group, 2008), or the many books written about it (for mstance,
(Lethbrdge et al, 2005)). In our time and activity management application
research, we make use of UML class diagtams and use case diagrams, so below is

a short review of the elements involved.

In class diagrams, classes and relationships between them are key elements. A
Class describes a set of objects that share same operations, relationships,

attributes, and behaviour. A Class implements one or multiple interfaces. An

12



Association is a relationship that specifies a connection between objects, such as
aggregation, for instance (where a link is between a whole and its
patts). Generalization is a relationship where child objects (specialized

elements) can be substituted for the parent object (a generalized element).

In use case diagrams, actors, use cases available to them, and relationships
between the actots are involved. An Actor is a role played by a user or a system.
A Use case is an element that represents a set of actions available to a particular
actor. Actor generalizations are used to denote overlapping roles by extending

use cases available to another actor (Object Management Group, 2008).

2.3. The Umple Language

Umple (Forward et al, 2009) is a model-oriented language family based on
object-otiented language concepts. It has support for domain concepts such as
classes, attributes, associations with different multiplicities, and several software
patterns. State machine support is cutrently in the works as well. Umple tools are
available in IBM's Rational Software Modeler, and as an Eclipse plug-in. There is
also the Umple Online application (Forward, 2009a) that allows one to try out

Umple without the need to install any software.

We chose Umple based on several advantages it has over object-oriented
languages for implementation of our models. Umple produces significantly fewer

lines of code with higher readability, as compared to Java or PHP (Forward et al.,
13



2009). It can be generated directly from the data model of an application, as
Umple classes map to database tables, attributes to data fields, and associations to

key - foreign key relationships.

Code to manage associations and code to access and modify atttibutes with single
as well as multiple values is generated by the Umple compiler. Thus Umple takes
care of the boilerplate code, and the amount of hand-written code is minimized.
This in turn minimizes time spent in development and faults encountered during
implementation. Umple provides a concrete syntax for key elements of UML

class diagrams, thus being a natural choice to model an application's data objects.

Using Umple allows us to take the model-driven approach to the research. We
are able to adjust the models and quickly generate the corresponding data objects
by converting the UML graphical model created in the UMLet tool to Umple,
and compiling Umple code into either Java or PHP. Any small change in a model

can be easily propagated to the code base.

2.4. Product Families and Product Lines

In the global markets coarsely segmented by different cultural factors and
standards, some segments are too small to warrant independent product
development. For such segments, it makes sense to pursue a product family
approach, where assets can be reused across products created for different

segments. (Kuusela et al., 2000)
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The need to design, implement, and maintain applications that have a set of
similar functions, but differ from each other based on platform, version, ot target
audience, has given rise to research in product families, product lines, and process

families.

The notion of a program family was first mentioned by Parnas (Parnas, 1976). He
explored and contrasted the approaches to development of program family

applications.

Several works addressing the subject were published in 1996. For example,
Sutton et al. described product and process families, their properties, and
relationships between them (Sutton et al, 1996). Cugola et al. looked into
requitement definition for process languages (Cugola et al., 1996) based on the
work of Parnas (Parnas, 1976). D1 Nitto et al. addressed the differences between
product families and product lines and identified areas of further research needed

(di Nitto et al., 1996).

The majority of the product line research described below deals with analyzing
the results of switching to product line development (Cugola et al., 1996; di Nitto
et al, 1996). The literature describes how the requirement definition,
documentation, otrganizational processes and development practices are affected
Lutz, 1999; Schmid et al., 2000). Other researchers look mto requirements

definition for product lines from the start (Kuusela et al., 2000; Ram et al., 1997).
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There is also research that deals with modeling commonalities and variabilities
(Loughran et al., 2008; Ardis et al., 1999; Dhungana et al., 2009; Acher et al,
2009; Metzger et al., 2007; Mietzner et al., 2009; Sanchez et al., 2009) and product

generation (Batory et al., 2002).

Our objective of creation a product line from several similar systems that come
from different sources and belong to the same domain is not addressed. We have

also not found any description of a generic product line derivation methodology.

We have built on the research of Sanchez et al. in adopting VML for our

VML4Umple notation for variability modeling (Sanchez et al., 2009).

2.4.1. Definitions of Product Family/Line

Sutton et al. described a product family as a collection of products similar in
some ways and systematically different in others, the emergence of which is
usually caused by one of the following: successive revisions of a single
application; versions of a single application for different platforms; or versions
with different sets of features (e.g. an “educational” versus a “professional”

version of the same software) (Sutton et al., 1996).

Di Nitto et al. addressed the lack of a common lexicon when talking about
product lines and families, and attempted to derive a definition incorporating

existing descriptions (di Nitto et al., 1996). They defined product family as a
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"collection of software products based on the same set of assets" (tequirements,
designs, software components), "but still having significant variations". In
contrast, product line was defined as a "collection of different software products,
each based on different assets", offeting complementary features, designed to
jointly operate through integration and interoperation. An example of a product
family would be programs with the same features running on different platforms,
whereas an example of a product line would be an office suite that includes
separate applications: a text editor, a spreadsheet application, etc. - while sharing

common assets, such as the help system.

In subsequent parts of this wotk, we shall be using the term “product line” to
describe a group of applications having some commonalities as well as some

variabilities.

2.4.2, Issues in Product Family/Line Development

Di Nitto et al. touched upon several issues involved in development of product
line software (di Nitto et al, 1996). These include design for reuse, reuse of

existing components, configuration tracking, and maintenance of common assets.

Cugola et al. addressed the structure of the design process for a product family,
and concluded that process does not necessarily need to be modified to
accommodate product families, but it might be more important to follow in case

of product families (Cugola et al., 1996).
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2.4.3. Case Studies

Ram et al. looked into issues that arise while developing software for the Nokia
Synfonet line of products (Ram et al,, 1997). Requirements for it include being
configurable, distributed, embedded, real-time, dependable, as well as including
several optional levels of software and hardware fault tolerance and function
protection. The authors suggested that "architecting should start with specifying
the partition in different component domains along with a scheme for integration
and coordination of the parts". It should also include an explanation of how the
partition and its integration address the specified architectural concerns, such as
timeliness, capacity, availability, effective division of work, standards compliance,

existing parts utilization, or controlled propagation of change.

Lutz has focused on an interferometer (telescope) subsystem design (which was a
part of a product family), and the evaluation of this as a reusable component
(Lutz, 1999). Several stages of the case study are discussed: product family

definition, hazard analysis, and design evaluation.

They suggest that near-commonalities (features common among almost all
product family members) can be represented as variabilities. Product family
requitements need to anticipate both future feature additions and possible

reductions. Dependencies among options need to be represented. Ardis et al.
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suggest writing such constraints as commonalities, where the commonality 1s the

required relationship between the parameters of variation (Ardis et al., 1999).

Most of the casé studies mentioned above have focused on design of product
lines and evaluation of feasibility of product line development. They have also
focused on creating product lines either from the very beginning of product
development, or from multiple versions of the same system. None of them have
described a methodology to derive a product line from several different

applications in the same domain, which is a part of our objectives.

Lutz also has touched on the possibility of organizing the products into a
hierarchy where products at the same node share the same value for many
parameters of variability (Lutz, 1999). They note that it did not add any insight in

their application, but might be beneficial for larger product families.

At the end of Lutz’ study (Lutz, 1999), a review was conducted by an engineer
experienced in interferometers. It resulted mn deletion of 9 out of 29
commonalities, increase of varabilities from 23 to 35, and modifications to 4
vatiabilities. Among the lessons learned, they mentioned thorough
documentation of vatiabilities as a safest course of action, even at the cost of
minimizing possible commonalities. Safe reuse largely depends on the undetlying

assumption of commonalities being true.
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Kuusela et al. introduced another hierarchy approach (Kuusela et al., 2000). They

proposed a definition hierarchy

. .. REQ.1
where design objectives are defined A mgior design
:. ohjective
by other design objectives or design - {P1,,P2,P3}
decisions (see Figure 1 for an |
example of a requirements definition REQt REQLY.2
peee e A design decision
hierarchy). They are arranged into a A?ég:lgg obij:ecﬂwe
2F2,P3; P1,P2,P3}
logical AND tree subject to the
following rules: B U | e
’ REQ1.12  REQ.1.1.4
~ Another design - Another design
1) Child requirements define the | - objective decision
{P1,P2,P3} {P1P2P3}
meaning of parent USRI SR SR
requirements.
Figure 1. A requirements definition
2) Top aodes represent hierarchy (Kuusela et al., 2000)

architectural drivers and quality attributes.
3) Edges reptesent refinement of design objectives and/or design decisions.
4) Each key architectural driver defines a sub-tree under the root node.
5) Parent nodes have higher priority than their child nodes.
6) Lowest ptority is "irrelevant” - it represents design decisions ot objectives

that do not belong to the description of the specific product.

Product families in this approach share most of the quality attributes, even
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though their definitions can vaty significantly among product family members.
This approach simplifies testing: if all sub-nodes pass their tests, the super node
can be assumed to pass the test as well. Requirements are more easily visualized
in a hierarchy than if they were to be explained through textual description.
Structuring helps resolving missing requirements and inconsistencies: by
reversing the tree, it can be determined whether the collection of the sub
requirements fully and unambiguously defines the super requirement. If that is
not the case, some requirement is missing and needs to be added. This process

must be repeated for every member of the product family.

The requirements-based hierarchical approach was of interest to us, since
isolating similar interdependent clusters of functionality in different systems is

similar in nature.

Another case study by Schmid et al. deals with introducing a software modeling
concept in a supermarket chain subsidiary company, founded to develop a family
of new merchandising information systems (Schmid et al., 2000). They attempted
to address the following documentation problems that frequently occur in

practice:

« Standard approaches to documentation do not fit real requirements;

« Documentation tequirements may change over time and make old

documentation and processes obsolete;
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« The entrance batrier to changing the documentation approach is high due to

re-documentation effort;
e There is a lack of time and expertise to devise a new approach.

Schmid et al. present QIP (Quality Improvement Paradigm) - an iterative, goal-
driven framework for the continuous improvement software development,
closed-loop process for planning, executing, evaluating improvements to software
development environments, and incorporating expetience gained from
improvement efforts into future development (Schmid et al., 2000). Application
of QIP resulted in a brief start-up phase with improved documentation, and also
with ease of documentation reaching a reasonably good level. Training, trial
usage, active cooperation of the people involved, comprehensive examples, as
well as detailed guidance and support in the eatly stages were needed to

successfully complete the project.

A company switching from individual product development to development
based on a product line model will likely face the documentation issues desctibed
in (Schmid et al, 2000). This might be a factor affecting adoption of our

methodology.
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2.4.4. Product Generation

Batory et al. look at two classifications of software components: 1) object-
otiented: method, class, package; and 2) feature refinement (or layer): module

encapsulating a feature (Batory et al., 2002).

Refinements cross-cut classes. Layers (features) are building blocks of software;
facets are building blocks of layers. Facets are not classes - they atise when feature
refinements encompass more than an individual program or package.
Refinements can be broken down into gluons - elements arranged in regular ways

to form both facets and "atomic" elements.

Batory et al. introduce Origami - a model of gluons, revealing a mathematical
structure of software (Batory et al., 2002). It is based on GenVoca (Batory et al.,
1992) - a methodology and technology for generation of product lines from
feature refinements. Software is extended based on component additions and
removals. Origami can be scaled to generate product families as well as

standalone products.

GenVoca function (set of classes and class refinements) is applied to a GenVoca
constant (set of classes) - some classes are extended and some classes are added.
Class extensions encapsulate new data members, methods, and method overrides
of the parent class. Linear inheritance chains (or refinement chains) are

constructed by application of several functions to the constant, and in the
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resulting application, only the bottom-most classes of the chains are instantiated,

as they implement all the roles assigned to them.

Layers are orthogonal to facets, so the relationship between them can be
expressed as a mattix, where each entry (gluon) lists the name of a module that is
implemented as a facet within a layer. If each row is a layer, each column is a

facet, and vice-versa.

GenVoca models are 1D - they are composed by the sets of constants and
functions. Gluon models are 2D, and can be #-dimensional. The Origami model
scales to 7 dimensions. Each new row in a matrix requires a gluon for every
existing column (or the identity function if no implementation is needed). The
same is true if a new column is added. An application is created by folding an

Origami matrix.

2.5. Expressing Variabilities

Dhungana et al. present an interesting perspective on variability (Dhungana et al.,
2009). They suggest similarity between software vanability and genetic variability,
comparing individual species to natural product lines and individuals to products.
For these natural product lines, both commonalities and variabilities are coded in
genes, which can be “turned on” and “turned off”, corresponding to each feature
to be either present or absent i an individual. Reproduction is compared to

product instantiation, allowing for assignment of features to a particular
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individual by binding the corresponding variation points. The ptimary difference
between the customization processes in natute versus that in software is the
presence of random aspects In nature, whereas software customization is
deterministic (Dhungana et al., 2009). Complex dependencies among features in
software (similatly to those among genes in biology) are common, making

arbitrary combinations of features (or genes) not viable.

To further explore the similarities between the product lines in software versus
those in nature, Dhungana et al. map the several other genetic concepts to those
of software development. Genotype (“the set of genes present in the DNA of an
organism” (Dhungana et al., 2009)) is compared to how variability in software is
implemented. Phenotype (the appearance of particular traits in an individual) is
compated to the characteristics of a software application visible to the user.
Alleles (“alternative forms of the same gene” (Dhungana et al., 2009)) are similar

to alternative forms of the same feature.

The work of Dhungana et al. is recent and largely exploratory, inviting the reader
to consider the similarities between softwate product lines and genetics
(Dhungana et al., 2009). Considering the success of genetic algorithms in other
areas of computer science (such as neural networks, for instance), this approach

seems promising.
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Archer et al. explore variability expression in video surveillance domain (Acher et
al., 2009). They use feature models, one to describe tasks (domain variability) and
the other to describe software variability. The authors suggest applying modeling
techniques not only to software implementation, but to the specification of the
software features as well. To model the varabilities, they use the Feature-
Oriented Domain Analysis (FODA) method presented in (Kang et al, 1990)
which uses feature diagrams. Features in the diagram are organized by hierarchy,
with edges breaking the features down into sub-features. FEach feature is
represented by a node on the tree and can be either mandatory or optional.
FODA also supports “requires” and “excludes” constraints, specifying
dependencies among features. The FORM method (an extension of FODA)

allows for additional kinds of constraints (Kang et al., 1998).

As Metzger points out, the FODA method focuses on “separating the
documentation of sgffware variability from the base models” (Metzger et al., 2007)

(original emphasis).

Mietzner et al. look at the variability modeling in Software as a Service (SaaS)
applications (Mietzner et al., 2009). These applications can be hosted on the same
infrastructure for multiple tenants while being customizable to suit each tenant’s
needs. The authors distinguish two types of varability: external — that
“communicated to the customer of the product line” (Mietzner et al., 2009); and

internal — that “only visible to the developers of the product line” (Mietzner et al.,
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2009). The language used by the authors 1s the OVM — Orthogonal Variability
Model language, presented in (Metzger et al., 2007). It includes variation points
and variants. Fach variation point documents a variable item. Each varation
point can have several variants, which document “possible instances of a variable
item” (Mietzner et al., 2009). Both variation points and variants can be either
mandatory (they have to be bound) or optional. OVM also suppotts “requires”

and “excludes” constraints.

The authors are undecided on a formalism to use with their model diagrams,
suggesting several systems that are worth exploring,