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Abstract

New, disruptive technologies emerge daily, changing the world as we know
it: how we learn, work, and socially interact. This ever-changing scenario
pushes organisations to quickly adapt not only their products and services but
also their structure and strategies to survive and thrive. As has been widely
studied, aligning information technology to high-level goals is key for an or-
ganisation to adapt quickly to its environment. Model-driven development
(MDD) methods have contributed to this by systematically including business
goals in the software development process, providing traceability, quality and
efficiency through model-to-model transformations. Yet, existing MDD meth-
ods have not included organisational strategy and structure in the develop-
ment process. This thesis integrates organisational information into a baseline
MDD method composed of the OO-Method, an object-oriented model-driven
development method, and Communication Analysis, a communication-oriented
business process modelling method. The baseline MDD method is extended by
the main contributions of this thesis: LiteStrat, an organisational modelling
method, and Stra2Bis, a method for designing strategically aligned business
processes. LiteStrat supports modelling the external influences that drive new
software development endeavours and the strategy and organisational structure
to address such influence. Stra2Bis integrates LiteStrat and Communication
Analysis through three model-to-model transformation guidelines, generating
the scaffold of business processes aligned with the organisation’s structure and
strategy. Sound experimental validations were performed to assess the meth-
ods’ improvements in completeness and accuracy and their effect on the method
users’ efficiency and satisfaction. Further work regards implementing the meth-
ods into industrial contexts and their continuous evolution.






Resumen

Cada dia surgen nuevas tecnologias que cambian el mundo tal y como lo cono-
cemos: como aprendemos, trabajamos y nos relacionamos. Este escenario lleva
a las organizaciones a adaptar rapidamente no sblo sus productos y servicios,
sino también su estructura y estrategias para sobrevivir y prosperar. Como se
ha estudiado ampliamente, alinear la tecnologia de la informacién con obje-
tivos de alto nivel es clave para que una organizaciéon se adapte rapidamente
a su entorno. Los métodos de desarrollo dirigidos por modelos (MDD) han
contribuido a ello al incluir los objetivos de negocio en el proceso de desarrollo
de software, proporcionando trazabilidad, calidad y eficiencia mediante trans-
formaciones de modelo a modelo. Sin embargo, los métodos MDD existentes
no han incluido la estrategia y la estructura de la organizacién en el proceso de
desarrollo. Esta tesis integra la informacién organizacional en un método MDD
existente compuesto por OO-Method, un método MDD orientado a objetos, y
Anélisis de Comunicaciones, un método de modelado de procesos de negocio
orientado a la comunicacién. A ellos, se integran las principales contribuciones
de esta tesis: LiteStrat, un método de modelado organizacional, y Stra2Bis, un
método para disenar procesos de negocio alineados estratégicamente. LiteStrat
permite modelar las influencias externas que demandan el desarrollo de nuevo
software, y la estrategia y la estructura organizacional para abordar dicha in-
fluencia. Stra2Bis integra LiteStrat y Analisis de Comunicaciones a través de
tres reglas de transformacion, generando una estructura de procesos de negocio
alineada con la organizaciéon. Hemos realizado validaciones experimentales de
las mejoras de completitud y precision de los modelos producidos por los méto-
dos, y de la eficacia y satisfaccion de sus usuarios. El trabajo futuro se centra
en la aplicaciéon de los métodos en la industria y en su evolucién continua.
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Resum

Cada dia sorgixen noves tecnologies que canvien el mén tal com el coneixem:
com aprenem, treballem i ens relacionem. Aquest escenari porta a les organ-
itzacions a adaptar rapidament no sols els seus productes i servicis, siné també
la seua estructura i estratégies per a sobreviure i prosperar. Com s’ha estudiat
ampliament, alinear la tecnologia de la informaci6é amb objectius d’alt nivell és
clau perqué una organitzacié s’adapte rapidament al seu entorn. Els métodes
de desenvolupament dirigits per models (MDD) hi han contribuit en incloure
els objectius de negoci en el procés de desenvolupament de programari, propor-
cionant tragabilitat, qualitat i eficiéncia mitjancant transformacions de model
a model. No obstant, els métodes MDD existents no han inclos 'estratégia i
Iestructura de 'organitzacié en el procés de desenvolupament. Aquesta tesi
integra la informaci6 organitzacional en un métode MDD existent compost per
OO-Method, un métode MDD orientat a objectes, i Analisis de Comunicacions,
un métode de modelatge de processos de negoci orientat a la comunicacid. A
ells, s’integren les principals contribucions d’aquesta tesi: LiteStrat, un métode
de modelatge organitzacional, i Stra2Bis, un métode per a dissenyar processos
de negoci alineats estratégicament. LiteStrat permet modelar les influéncies
externes que demanden el desenvolupament de nou programari, i U'estratégia i
I'estructura organitzacional per a abordar aquesta influéncia. Stra2Bis integra
LiteStrat i Analisi de Comunicacions a través de tres regles de transformacio,
generant una estructura de processos de negoci alineada amb 'organitzacio.
Hem realitzat validacions experimentals de les millores de completesa i pre-
cisié dels models produits pels métodes, i de 'eficacia i satisfaccio dels seus
usuaris. El treball futur se centra en I'aplicacié dels métodes en la industria i
en la seua evolucié continua.
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Chapter 1

Motivation

1.1 Including organisational information in model-driven
development

Model-driven development (MDD) aims to systematically use models as the
primary artefacts of the software engineering process. The approach is to
design models, defined as “a coherent set of formal elements describing some-
thing” to transform them into real software systems (Mellor, A. N. Clark, and
Futagami, 2003). MDD is an alternative to the technological dependence of
traditional programming, i.e., designing, programming, and testing the sys-
tem in specific programming languages and technologies. Programming at a
conceptual level (Embley, Liddle, and Pastor, 2011) is expected to enable the
reuse at the domain level, to produce a continuously increased quality of the
models and this the generated systems, costs reduction, and major longevity
of the designed solutions, since they are not technology dependant (Mellor,
A. N. Clark, and Futagami, 2003).

One of the most successful contributions of model-driven methods is helping
developers and analysts integrate and trace information of the context of the
information system into the software development process. Standardised ap-
proaches such as Model-Driven Architecture (MDA) (The Object Management



Chapter 1. Motivation

Group, 2014) have proposed the separation of business and application logic
from the underlying platform and technologies.

In MDA, Computation Independent Models (CIM) represent business informa-
tion, while Platform Independent Models (PIM) represent high-level abstrac-
tions of the system, and Platform Specific Models (PSM) include implemen-
tation details that could support code generation. At the CIM level, models
contain information relevant to understanding and specifying the requirements
of the software development endeavour. Models at the CIM level can be traced
to different artefacts at the PIM level and then to the PSM level, where model
transformations can produce the working code of the system.

Even though MDA recommended modelling standard is the Unified Modelling
Language (UML) (The Object Management Group, 2017), MDA provides a
general framework where other modelling methods can be included, particu-
larly at the CIM level (Kirikova, Finke, and Grundspenkis, 2010). Require-
ments engineering (RE) methods and techniques have been integrated into
MDD methods to provide traceability and partial automation from business
information to the model of the information system. In this way, RE methods
for identifying the goals of the stakeholders of the Information System (IS)
and designing business processes aligned with those goals provide a sound in-
put for the IS design process. Following MDA principles (Brown, 2004) such
as metamodel mappings and model-to-model transformations and method de-
sign methodologies (Henderson-Sellers, Ralyté, et al., 2014), RE methods have
been integrated with each other and with MDD methods to promote traceabil-
ity and automation in information system model generation (Espana, 2011;
Ruiz, Costal, et al., 2015).

In the MDA context, RE methods are part of the CIM level since models at
the CIM level aim to describe the environment of the system and the business
model without showing the structure of the system (Belaunde et al., 2003).
Having different models at the CIM level requires ensuring their consistency
and alignment, which can be achieved through model-driven techniques such
as model-to-model transformations to ensure information is preserved between
models or through automatic consistency analysis, among others. Figure 1.1
illustrate the MDA and RE+MDD approaches, where goals and business pro-
cess models are used for representing business information.

One of the key approaches in RE for representing business information is goal
modelling. Most goal modelling frameworks define goals as a "desired state of
affairs” of social actors (Yu, 2011b), which can be system users, business stake-
holders, regulatory agencies, the organisation developing software itself, and



1.1 Including organisational information in model-driven development

PROCESS RE+MDD MDA LEGEND
REQUIREMENTS MODELLING START NODE

l é GOAL MODELLING © END NODE
COMPUTATION

REQUIREMENTS @ GOAL / PROCESS ALIGNMENT INDEPENDENT MODEL G MENT

ENGINEERING :

l PRECEDENCE
{E} BUSINESS PROCESS MODELLING RELATION
OUTPUT
> How
MODEL TO MODEL - MODEL
TRANSFORMATION
I:l (SUB) MODEL
MODEL-DRIVEN DEVELOPMENT :
PLATFORM @ NEHor
OBJECT-ORIENTED CONCEPTUAL INDEPENDENT MODEL
MODELLING : TRANSFORMATION
. TECHNIQUE /
........................... TECHNOLOGY
MODEL TO MODEL *
DESIGN TRANSFORMATION B copE
") TRANFORMATION ENGINE PLATFORM
CONFIGURATION SPECIFIC MODEL
MODEL TO CODE
TRANSFORMATION '
v e R
IMPLEMENTATION —_— E CODE

Figure 1.1: Model-Driven Architecture (MDA) and Requirements Engineering Model-
Driven Development (RE+MDD) approaches

so on. In RE+MDD, goal models have been mainly used to represent system
users and business stakeholders. On the other hand, high-level organisational
information has been commonly used as input for long-term enterprise architec-
ture efforts (The Object Management Group, 2015; The Open Group, 2022a)
but not as a source of requirements. However, recent research on software
organisations (Forsgren, Humbpotifle, and Kim, 2018) has shown the impor-
tance of including organisational information as a key input for designing the
IS. By considering the organisational level information, software organisations
aim to design the IS as a set of small software services aligned to the high-level
business outcomes and the organisational structure (i.e., software development
teams) responsible for achieving such business outcomes.

This thesis addresses the inclusion of organisational information into an MDD
method by means of transforming organisational models of business strategy
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and organisational structure into business process models. Following the de-
sign science methodology (Wieringa, 2014), we designed and validated two
artefacts to achieve this goal. The following sections describe the research
context, goals, and methodology. In Section 1.2, we present the knowledge
context of the research regarding model-driven initiatives to align goals and
business processes and an overview of the open challenges. The motivation for
expanding this knowledge area towards including organisational information is
presented in Section 1.3, taking software organisations as the social context for
the design science endeavour. The problem statement is detailed in Section 1.4,
and the research and design methodology is presented in Section 1.5. Finally,
Section 1.6 presents an outline of the thesis and maps the research goals with
the chapters where they are addressed.

1.2 Model-driven alignment of goals and business processes

In the RE area, a particular topic of interest is aligning goals and business
process models to design justified and purposeful processes according to goals.
On the one hand, goal and agent-oriented modelling frameworks collect the
strategic intentions of social actors, helping analysts to identify the overar-
ching organisational needs that drive the development and evolution of the
information system (Yu, 2011a). On the other hand, business process mod-
els represent the organisation’s operation in terms of the flow of actions and
interactions needed to achieve the goals (Rosing et al., 2015).

Hence, model-driven techniques have been applied to help analysts identify in-
consistencies between goal and process models. For instance, goal and process
alignment techniques can identify whether any business process does not cover
a goal or ensure the inclusion of key goal model elements by transforming them
into business process model elements. In a RE-+MDD context, the complete-
ness and accuracy of business process models are critical since they are a key
input for most automatic and semi-automatic MDD techniques (Habba, Fredj,
and Chaouni, 2019). Figure 1.2 illustrates the goal and process alignment
approach.

A feature shared by most goal modelling frameworks is leaving what to repre-
sent as actors and goals to the modellers. Freedom in goal modelling has helped
the application of goal modelling into different domains, from the detailed spec-
ification of the system users’s goals to the specification of the organisation’s
high-level, strategic goals for innovation (Yu, 2009). Goal and process align-
ment initiatives also exploit this freedom, varying from claiming to support the
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alignment of processes with high-level organisational goals (Vara, Sanchez, and
Pastor, 2008; Sousa and Prado Leite, 2014) to mapping very system-specific
goals and tasks to business process elements (Insfran et al., 2017; Al-Kalbani
et al., 2019).

Despite the benefits of freedom in goal modelling, a question arises when aiming
to align goals and processes: what goals must be modelled for supporting strate-
gic alignment in an MDD method?. Even though MDA’s CIM has been widely
exploited for specifying the information system requirements, other interpreta-
tions have included business model information (Kirikova, Finke, and Grund-
spenkis, 2010), the organisation’s environment, and external forces (Huang
and Fan, 2007) that could also set goals for developing the information sys-
tem. Considering information systems as work systems (Steven Alter, 2013)
and the framework depicted in Figure 1.3, different goals can be set by the sys-
tem users, customers, and high-level organisational actors. The participants
of the system can set their goals regarding what they expect when using the
system. Customers, as the consumers of the organisation’s products and ser-
vices, can set goals for which using the system is an alternative or tool towards
achieving a non-system-related goal. On the other hand, though more indi-
rectly in most organisations, strategy, environment, and infrastructure can set
high-level, strategic goals for developing the information system.
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Figure 1.3: The work system framework (Steven Alter, 2013)

Integrating existing goal modelling and business process alignment into MDD
methods could possibly support developing software according to participants’
and customers’ needs. However, representing strategic-level information could
be challenging for existing alignment methods. Consider the example de-
picted in Figure 1.4 modelled using i*, one of the most used goal and agent-
oriented modelling frameworks for goal and process alignment (Habba, Fredj,
and Chaouni, 2019), and described below.

Example 1.1: Goal modelling example: Real Estate Agency.

A Real Estate company wants to seize the opportunity of increasing the
market share by offering an on-line rental service to customers abroad.
This is operationalised by offering an online rental service, which will be
the responsibility of the Rentals Team. At the same time, legal compliance
of the transaction is delegated to the Legal Department through the design
of an abroad rental contract.

In the example, the same goal construct is used for defining high-level, strate-
gic goals (Real Estate Co.’s “Market share increased”), and operational goals
(Rental Team’s “Online rental service offered”). Similarly, high-level actions
such as “digitalise the rental service” coexist with the more specific “Book a
property”. Regarding the goal and process alignment, specific tasks such as
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Figure 1.4: Goal model example.

the latter and “Show available properties” could also overlap with business
process model tasks, leading to obvious alignments and model redundancy.
On the other hand, since strategic goals could reach several parts of the or-
ganisation (e.g., the Legal Department and the Rentals Team), they should be
aligned with different business processes, and some of them could not require
the support of the IS (for instance, Legal Department’s process). It could be
possible to scope the alignment just to actors having operational goals (Rentals
Team) by interpreting the participates-in relationships; however, the existing
goal and process alignment frameworks do not include this type of link in their
mappings.

The example above illustrated challenges for modelling and including some
business strategy-related information: high-level ends and means and the or-
ganisational structure. While these topics could apparently not be relevant
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for the IS development process, recent research has provided evidence of the
need to include them not only for the strategic alignment of processes but as
a critical element in the design of the IS, as presented in the next section.
The existing goal and process alignment techniques and the related methods
are further studied in Chapter 2, where a detailed review of existing goal and
business process alignment methods is presented. The challenges relevant for
the present research are analysed in Chapter 4. Below, in Definition 1.1, we
define the knowledge context for the research.

Definition 1.1: Knowledge Context

e Goal and agent-oriented modelling.

e Alignment of goal and business processes using model-driven meth-
ods and techniques.

1.3 Strategy in Software Organisations

Nowadays, companies whose core purpose is developing software, or software
organisations (SO) (Kettunen and Laanti, 2017) have been able to scale ag-
ile software development (Aghina et al., 2017) across the whole organisa-
tion by aligning strategic elements with their software architecture (Forsgren,
Humbpotifle, and Kim, 2018). Compared to traditional organisations, SOs
have a different way of defining their strategic goals and how they structure
their development teams around such goals, which has been found as a key
enabler for agility and high-growth (Forsgren, Humbpotifle, and Kim, 2018;
Salameh and Bass, 2022). Among other benefits, SOs’ approach to business
strategy also tackles the hindrances of MDD adoption related to the need for
inter-team communication and coordination (Skelton and Pais, 2019). Nev-
ertheless, more importantly for RE and MDD, the way SOs manage busi-
ness strategy provides requirements for the design of the information system
(Thoughtworks, 2016).

Software organisations (SO) are “organisations or organisational units with new
software production as the core purpose, or software-intensive customer organ-
isations of those software producers” (Kettunen and Laanti, 2017). In the last
decade, there has been a rapid growth in the stock value of SOs such as Face-
book and Twitter. Today, the consumption of software services provided by
technology companies is massive. Sharing economy applications like Uber and
Airbnb use software to connect customers and providers of various services,

10
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while social media platforms like Facebook, X (formerly Twitter), and Insta-
gram use software to create online communities and networks. E-commerce
giants like Amazon, Alibaba, and Shopify use software to enable online shop-
ping and delivery; streaming services Spotify, Netflix, YouTube, and Twitch
have disrupted the entertainment industry. The enabling technology for these
services is also offered as software services: cloud computing providers like
Microsoft, Google, and Amazon use software platforms to offer scalable and
flexible computing resources. The advent of artificial intelligence technology,
such as generative artificial intelligence and large language models, is enabling
new software services whose capabilities and potential uses have yet to be
explored, with disruptive potential to change the world as we know it.

Nowadays, the market cap (i.e., the total value of their outstanding shares) of
tech giants like Facebook (meta) is close to a trillion dollars*. Other companies
with more specific niches, such as Slack (a messaging app for business) and
Spotify (a music streaming service), reach a market cap of close to 27 billion
dollars ?2. Since growth is a key factor for valuing technology organisations?,
one of their main challenges for SOs is to be able to grow quickly without the
efficiency of software development being an obstacle (Forsgren, Humbpotifle,
and Kim, 2018).

Spotify is one of the benchmarks on how it is possible to develop software in
a highly scalable way (Salameh and Bass, 2022). First released in 2012, the
Spotify Model (Kniberg and Ivarsson, 2012) proposed a new way of carry-
ing out business strategy and organisational structure. The Spotify Model is
an autonomous, people-driven model that emphasises culture and networking.
The Spotify model aims at an organisational structure composed of Squads,
small cross-functional groups with a clear mission that own their business and
software development processes and are responsible for a specific feature of the
software product. The squads are free to choose their development method-
ologies and tools and define their progress and results measures. Squads also
collaborate with other squads, tribes (groups of squads), chapters (groups of
specialists) and guilds (communities of interest) to share knowledge, best prac-
tices and feedback. The products developed by the squads are communicated
to others through services. One of the main activities for this approach is to
monitor the dependencies between squads and tribes so that they remain as

Thttps://companiesmarketcap.com /meta-platforms/marketcap/

2https://companiesmarketcap.com /slack /marketcap/

Shttps://companiesmarketcap.com/spotify /marketcap/

4https:/ /www.mckinsey.com/capabilities /strategy-and-corporate-finance /our-insights /valuing-
high-tech-companies

11
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independent as possible (Kniberg and Ivarsson, 2012). Figure 1.5 illustrates
the structure of the Spotify model.

Tribe Tribe

‘5RRBR /3868

& Squad Squad Squad Sun K Squad Squad Squad Sun

Figure 1.5: The Spotify model for organisational structure (Kniberg and Ivarsson, 2012).
(PO: product owner).

The Spotify model has been widely adopted (and adapted) by technology con-
sulting organisations and other technology companies (Brosseau et al., 2019).
For example, Shopify, a commerce platform that allows starting, growing, and
managing a digital business, explicitly references the Spotify model as the en-
abler of their growth (Shopify, 2022). Shopify market capitalisation is currently
$83.1 billion °. Software engineering practitioners have unravelled the nature
behind the Spotify model in what is called Conway’s Law, which states that
organisations replicate their communication structure to everything they de-
sign (Conway, 1968), naming Spotify’s approach as the "Inverse Conway’ Ma-
neouvre" (Thoughtworks, 2016; Forsgren, Humbpotifle, and Kim, 2018). The
approach aims to continuously evolve the organisation’s structure to match
the desired system architecture without losing sight of the need to design the
components of the structure around business strategy.

Next, an overview of SOs’ approach to business strategy and organisational
structure is presented, as well as their effect on system design.

Shttps://companiesmarketcap.com /shopify /marketcap/
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1.3.1 Strategy and alignment in software organisations

SOs have designed and continuously evolved business models built on top of
cloud infrastructure, focused on providing highly customised products. How-
ever, SOs must adapt their strategy to constantly change the offered products
(Weinhardt et al., 2009) and the way they built those products. Strategy, in
its dimension as a plan, can be defined as a "plan to achieve the organisational
goals" (Mintzberg, 1987). Changes in organisational strategy require adjusting
the way the organisation works to implement the strategy. SOs must conceal
strategic decisions such as what product will be offered to which market, with
the organisational structure, business processes, and supporting technology for
implementing the strategy. This topic has been studied for decades under the
concept of strategic alignment (Henderson and H. Venkatraman, 1999).

Strategic alignment deals with fitting the external domain of the organisation,
i.e., the business goals and the means to achieve them, with the internal do-
main, which regards the organisation’s structure, how the organisation designs
(and redesigns) its business processes, and the information technology (IT)
needed (Henderson and H. Venkatraman, 1999). The approach to managing
the information technology needed for supporting the organisation, thus the
IT strategy, has varied as companies’ products and services increasingly rely
on digital technologies. The IT strategy was initially considered a functional-
level strategy (N. Venkatraman, 1994) that must be aligned but subordinated
to business strategy. In the last decade, IT strategy became indistinguish-
able from business strategy, namely digital business strategy (Bharadwaj et
al., 2013). For SOs, digital business strategy is business strategy.

SOs are born as digital organisations (Jarosinski, Sekliuckiene, Kozma, et al.,
2023), so they continuously face the challenge of digital transformation (DT),
which is finding new ways to create value through technology. As defined by
(Vial, 2021), DT is "a process in which digital technologies create disruptions
that trigger strategic responses from organisations seeking to alter their path-
ways to create value while managing the structural changes and organisational
barriers that affect the positive and negative results of this process”. Hence,
SOs must manage changes in their business strategy and structure to create
value through technology.

SOs have specific practices to manage their business strategy and organisa-
tional structure, directly affecting their business processes and the design of
the systems supporting them. This approach combines business strategy prac-
tices (called strategy agility or agile strategising by some authors (Scaled Ag-
ile, INC, 2021; Holbeche, 2018)), organisational design practices, and software

13
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design practices to exploit the strategic information to align the system ar-
chitecture with the organisational structure. In the following subsections, we
provide an overview of these practices.

1.3.2 Business strategy in software organisations

According to the classic management literature, the definition of business strat-
egy is broad and could address the organisation’s plan to achieve its business
goals, a particular ploy to take advantage of a situation, the position of the or-
ganisation in the market, the definition of the organisation’s perspective from
the point of view of different stakeholders, or the pattern of action of the
organisation to achieve a business goal (Mintzberg, 1987).

The business strategy approach of frameworks for agile organisations concerns
the definition of business goals and the courses of action to achieve them (Hol-
beche, 2018; Highsmith, Luu, and Robinson, 2019; Scaled Agile, INC, 2021;
Doerr, 2018). Most of these frameworks propose setting high-level, customer-
focused goals and then breaking them down into more specific and measurable
goals and actions to achieve them. For instance, Google’s framework, Ob-
jectives and Key Results (OKR) (Doerr, 2018) define objectives as high-level
aims, which are broken down into measurable key results. Similarly, the EDGE
framework by the ThoughtWorks (Highsmith, Luu, and Robinson, 2019) pro-
poses to define goals as high-level ends, the measures that will allow checking
the achievement of the goal, and targets, which are the desired values for the
measures.

A key element of agile organisations’ strategy is that, since they have a customer-
value focus, they have an outside-in perspective (Highsmith, Luu, and Robin-
son, 2019), following an adaptive strategy (Holbeche, 2018). In an adaptive
strategy, the organisation identifies external elements that could affect the
business goals and the strategic actions to react to these elements. External
elements could include new market trends, technological advances, new cus-
tomer needs, and competitors whose behaviour affects the organisation (Wal-
ter, 2021).

While business strategy is a long-term effort in traditional organisations, in
software organisations, the capability of continuously adapting the strategic
direction is currently considered a vital business success factor (Highsmith,
Luu, and Robinson, 2019). Software organisations could change their business
strategy and organisational structure as fast as quarterly (Aghina et al., 2017).

14
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The approach to the business strategy of the above frameworks is consistent
with the definition of business strategy as a plan (Mintzberg, 1987). However,
the approaches recommended by the previously mentioned frameworks are not
a heavy-weight process for strategic planning but a lightweight approach. An
example of a lightweight approach in management is the GOST framework,
(Horwath, 2014), which defines two levels regarding what the organisation
wants to achieve (high-level goals and more specific objectives), and how to
achieve such goals (high-level strategies and more specific tactics).

1.3.3 Organisational structure in software organisations

SOs’ approach to organisational structure has been named “Inverse Conway’s
Maneouvre” by software development practitioners (Thoughtworks, 2016; Fors-
gren, Humbpotifle, and Kim, 2018). In a nutshell, ICM aims to evolve the
organisational structure’s design, the definition of organisation units and their
dependencies, according to the desired technology architecture (Thoughtworks,
2016). In Figure 1.6, the schematic representation illustrates how the organ-
isational structure, including organisational units (e.g., areas, departments,
teams) and their communication interactions, is replicated at the process and
technology architecture levels. At the process level, this replication involves
mapping the organisational structure into the business processes of each par-
ticipating organisation unit, as well as their business collaborations. Similarly,
at the system architecture level, the organisational structure is reflected by
the arrangement of software modules and their dependencies. As can be seen
in the example, at the system architecture level, there are circular dependen-
cies between the software modules, which is an antipattern in software design
(Parnas, 1979; Martin, 2000) and has been shown to have a significant effect
on the change proneness of system architecture (Oyetoyan et al., 2015).

Considering Figure 1.6, if the organisation seeks to improve the system ar-
chitecture, e.g., reducing circular dependencies, the organisational structure
must not have circular dependencies. Figure 1.7 depicts an alternative organ-
isational structure for Figure 1.7, in which the circular dependency between
OUA, OUB, and OUC has been eliminated, as well as the two-way commu-
nication relationship between OUD and OUE. As a result, both the business
process and system architecture levels mirror these designs, eliminating the
circular dependencies in the system architecture.

The approach of SOs to strategic alignment has been empirically studied. In
(Forsgren, Humbpotifle, and Kim, 2018), the authors surveyed over 23,000
survey responses from 2,000 different software organisations from 5 to 10,000
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Figure 1.6: According to Conway’s law, the organisational structure is replicated into
everything the organisation designs (Conway, 1968).

employees to identify the best practices of high-performing technology organ-
isations. The results show that, regardless of the type of the system, high-
performance software delivery is possible as long as the systems and the teams
that build and maintain them are loosely coupled.

For organisational structure, loose coupling deals with the interdependence of
organisational actors; such dependency could pertain to different domains such
as the organisation’s hierarchical structure, workflow relationships, resource
sharing and exchange, among others (Beekun and Glick, 2001). Forsgren et
al. emphasise the need for loose coupling of development teams in differ-
ent domains: surveyed practitioners declared they achieve higher performance
when they do not have to communicate with other people outside the team
to perform large-scale design changes for testing and deploying their systems
and depending from other teams work or authorisation to complete their work
(Forsgren, Humbpotifle, and Kim, 2018).

Restructuring the organisation might be challenging; however, organisations
in a highly variable environment (such as SOs and organisations undergoing
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Figure 1.7: Inverse Conway’s Manoeuvre seeks to design the organisational structure to
mirror the desired system architecture.

DT) may benefit from reconfiguring the organisation (Girod and Whittington,
2017; Karim and Capron, 2016). While restructuring the organisation changes
the fundamental principles of the organisational design (e.g., change from a
division by function to a division by product or market), organisational re-
configuration aims for changing organisational units under the existing design
principles of the organisation structure (Girod and Whittington, 2017). Hence,
SOs constantly change their configuration by adding, recombining, splitting,
and deleting teams. In the example in Figure 1.7, deleting the circular depen-
dency between OUA, OUB, and OUC might be recombined by transferring part
of the capabilities of OUC to OUB (Girod and Whittington, 2017). Another
improvement opportunity is optimising the communication design between the
organisational Units. In the example, the bi-directional relationship between
units (as between OUE and OUD in Figure 1.7 might be solved by properly
designing the interface between the units in such a way one organisation unit
offers its value "as-a-service" to the other unit (as OUE to OUD in the exam-
ple), this is, with minimum collaboration among the units (Skelton and Pais,

2019).
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1.3.4 Software design in software organisations

To exploit the loose coupling of the organisational design requires a software de-
sign approach that allows mirroring the organisational structure into a loosely
coupled software design. In information systems, loose coupling refers to the
positive architectural feature of information services sharing only a small set
of assumptions. Hence, the impact of its change is limited (Hohpe and Woolf,
2004; Kaye, 2003). This allows systems to be easily tested and deployed, even
if the number of services and systems in the organisation grows.

The system design approach in terms of services is called Service-oriented
architecture (SOA) (Raj and Bhukya, 2023). SOA has been applied to ad-
dress the deployment and scaling problems with monolithic systems (Raj and
Sadam, 2021), this is, systems that are independent of other systems and self-
contained, but lacking flexibility (Mishra, Kunde, and Nambiar, 2018). How-
ever, monolithic systems can still affect the architecture coupling since they
manage a business domain, requiring different organisation units (or teams)
to communicate and coordinate. Figure 1.8 represents how a monolithic sys-
tem couples different organisation units because of its business domain scope.
In the figure, each organisation unit (OUA, OUB, OUC) is responsible for
managing the lifecycle of information entities (DCOUA, DCOUB, DCOUC,
respectively). Under a SOA architecture, the monolith could offer indepen-
dent services (SDCOUA, SDCOUB, SDCOUC). However, since the entities
are managed by the same monolithic system, even though the organisation
units are cross-disciplinary and independent, they would need to coordinate
and communicate their software development actions.

SOs have adopted the microservice architecture (MSA) approach to enable
loosely coupled service design consistent with the organisational structure.
Under MSA, each service is a small, loosely coupled, scalable, and reusable
service that can be built and deployed separately (Thones, 2015). To define
the scope of the business domain of a microservice and avoid coupling among
organisation units, design techniques such as domain-driven design (DDD) (E.
Evans and E. J. Evans, 2004) have been employed. DDD aims to split the do-
main model in the same way as organisational units are, provided that organ-
isational units have been designed to match the desired information system’s
architecture. Figure 1.9 represents a domain-driven microservice design for the
monolithic architecture in Figure 1.8. The domain entities that formerly were
connected (DCOUB, DCOUA, and DCOUC) are split into independent soft-
ware modules (MSOUA, MSOUB, MSOUC) which offer similar services as in
Figure 1.8 (SDCOUA, SDCOUB, SDCOUC), but that can be built, tested and
deployed independently. The persistence of the domain entities is also split,
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Figure 1.8: A monolithic application couples the organisational structure.

so each software module has its own persistence (known as the database per
service pattern (Richardson, 2019), which is synchronised through lightweight

mechanisms such as queues.
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small, independent, and aligned software modules.
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1.3.5 Requirements from the social context

SOs’ approach to system design starts by designing an organisational struc-
ture that 1. allows deploying the business strategy of the organisation and
2. matches the desired architecture of the information system. The organisa-
tional structure, conceived as a set of cross-functional teams that own a part
of the business process and domain, establishes the requirements for how the
information system must be modularised. According to the concern-based tax-
onomy of requirements by Glinz (Glinz, 2007), this is a constraint requirement,
as it “sets a restriction in terms of a prescribed solution element”.

Even though the motivation for including organisational information in model-
driven development methods comes from SOs, any type of organisation could
benefit from this approach. However, it could be challenging for traditional,
complex organisations to re-design their organisational structure to match the
desired software design. Traditional organisations could also benefit from SO’s
approach by scoping organisational structure modelling to their software de-
velopment teams and their interactions, which can be reconfigured (Girod and
Whittington, 2017) to better assign software development responsibilities.

As a summary, we define the requirements for a model-driven development
method so it can enable SOs’ approach to software design.

Definition 1.2: Social Context Requirements

e Include organisational information on business strategy and organi-
sational structure in the software development process.

e Use organisational information to design strategically aligned, scal-
able, and loosely-coupled information system.

1.3.6 Limatations

The above requirements deal with SOs’ practices for business strategy and
organisational structure design. However, as strategy is a broad concept, we
scope it to business strategy as a plan. Examples of other management and
strategy practices that SOs follow to scale the agility of their development
teams which are out of the scope of our research are portfolio management,
changing the organisations’ mindset from projects to products, adopting an
adaptive leadership, continuous learning culture, and conducting experiments
to test value hypotheses (Highsmith, Luu, and Robinson, 2019; Scaled Agile,
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INC, 2021; Holbeche, 2018). Despite their importance for managing the soft-
ware development process, these practices do not have documented effects on
defining requirements for the software products.

On the other hand, other software design practices and patterns are key for
enabling SOs’ approach to a scalable, loosely coupled software design. Several
design patterns aim to organise the subdomains into one or more deployable
and executable components (Richardson, 2018), such as the saga pattern (Ste-
fanko et al., 2019) to implement distributed transactions as a series of local
transactions, and the API composition pattern, to resolve queries by join-
ing data from separated databases (Richardson, 2018). Approaches such as
event-sourcing (Alongi et al., 2022) help to manage the complexity of large,
distributed systems by providing observability, this is, a system’s attribute
regarding how much and well the internal state of a system can be inferred
through a monitoring infrastructure (Muller, 2018). These practices and pat-
terns address the requirements set by the SOs approach for software design.
Since this thesis focuses on collecting requirements, these practices are also out
of the scope of the present research.

1.4 Problem Statement

As detailed in the next section, this research follows the Design Science method-
ology in the interpretation by Wieringa (Wieringa, 2014). In this context, the
research problem is stated design problems that address the questions detailed
below.

o What must be designed by the researcher?: This research deals with de-
signing a model-driven software production method from requirements to
code.

o With what will the artefact interact?: The model-driven method is ex-
pected to be implemented in organisations or organisational units with
new software production as the core purpose or software-intensive cus-
tomer organisations of those software producers (Kettunen and Laanti,
2017).

o What desired properties must it have?: The model-driven method must
include organisational information, in particular, the organisation’s strat-
egy and structure and a way to convey this information as software re-
quirements.
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e To whom should this interaction be useful?: The model-driven method
should be useful for software engineers and business analysts.

e To achieve which of their goals?: for designing strategically aligned, scal-
able and loosely-coupled information systems.

Following Wieringa’s template (Wieringa, 2014), the design problem is stated
below.

Definition 1.3: Problem Statement

How to design a model-driven development method that includes
organisational information for designing a strategically aligned, scal-
able, and loosely coupled information system?

To solve the problem defined above, the designed method should cover the
full software development process in its entirety, from the early requirements
stage to the generation of the working code of the information system. The
present research builds upon existing requirements engineering and model-
driven development methods, which have been methodologically integrated
previously. We refer to this method as the baseline model-driven software
production method, or baseline method, for short.

1.4.1 Overview the baseline model-driven software production
method

As an initial standing point, this work follows the practice of model-driven
requirements engineering (RE+MDD), defined by Espafia as “the practice of
engineering requirements by emphasizing modelling an model transformations”
(Espana, 2011). This practice allows the integration of model-driven require-
ments engineering and model-driven development methods. As depicted in
Figure 1.10, the method aims to produce a requirements model that generates
the information system’s conceptual schema through semi-automatic model-to-
model transformations. The conceptual schema is then compiled to generate
the system’s source code.

The baseline method integrates two requirement engineering methods and a
model-driven development method. In the requirements model, i* (Yu, 2011b)
is used for organisational modelling, which is integrated by a model-to-model
transformation (Ruiz, Costal, et al., 2015) with Communication Analysis (Es-
pana, Gonzalez, and Pastor, 2009), a communication-oriented requirements
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Figure 1.10: Activities and products of the baseline model-driven software production
method.

engineering method. Through a semi-automatic model-to-model transforma-
tion technique, the conceptual model of the system is derived from the Com-
munication Analysis models, specified through the OO-Method (Pastor and
Molina, 2007). Through object-oriented conceptual modelling, the conceptual
model of the system is completed and then compiled to generate the code of
the information system. The methods and integration techniques are further
detailed in Chapter 2.

This thesis focuses on the requirements engineering stage of the process, par-
ticularly in designing a method for organisational modelling and an alignment
technique that enables the inclusion and integration of business strategy and
organisational structure information. As addressed in Chapter 4, the baseline
method presents a series of challenges for satisfying the requirements set by
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the social context. This motivates the need to design an artefact that 1. Takes
into account the requirements of the software organisations, and 2. Presents
the artefact as an alternative to the situation when the baseline method is
applied to software organisations. The methodological support for achieving
these goals is provided by Design Science (Wieringa, 2014) as research method-
ology, and Situational Method Engineering (Henderson-Sellers, Ralyté, et al.,
2014) as design methodology.

1.5 Research and Design Methodology

1.5.1 Research Methodology

This research follows the design science research methodology, which supports
designing and studying artefacts in context. In this research, the context is the
baseline model-driven software production method introduced in Section 1.4.1,
and the artefacts are new methods that will enable the development of strate-
gically aligned information systems.

Though there are different interpretations of design science for information
systems and software engineering (Johannesson and Perjons, 2014; Wieringa,
2014; Hevner and Chatterjee, 2010), this thesis follows the design science
methodology proposed by Wieringa (Wieringa, 2014). Design science guides
the researcher to achieve research goals by addressing knowledge questions
about the problem to be solved and the effects of the solution, and solving
design problems through the engineering of artefacts to be applied in a given
context, this is, a treatment.

Design science proposes an engineering cycle of four tasks: problem investiga-
tion, treatment design, treatment validation, and treatment implementation,
described below.

e Problem Investigation concerns studying the problematic phenomena in
which a person or group of persons, named stakeholders, have desired
states of affairs or goals that they are failing to achieve using their cur-
rent treatments. In order to systematically elicit the problematic phe-
nomena, the researcher has to characterise the constituent components
and relationships of the current solution, thus, the conceptual framework,
and elaborate a theory on the causes of the problem and how solving it
would contribute to achieving the stakeholder goals. The theory must
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be validated through empirical research techniques and/or critical peer
evaluation.

e Treatment Design regards specifying the requirements to design the new
treatment, which must be consistent with the findings of the problem
investigation task, and to validate whether the requirements contribute
to the goals of the stakeholders. The available treatments that could
possibly satisfy the requirements must be studied (usually jointly with
the problem investigation task). In case no available treatments could
satisfy the requirements, a new treatment design activity must ensure
their satisfaction by applying a suitable design methodology.

e Treatment Validation regards the empirical assessment of the artefact’s
effects in the context. The assessment addresses whether the treatment
produces the desired effects and whether the effects satisfy the require-
ments. Other studies, such as context sensitivity analyses and trade-offs
between different artefacts, can be carried out.

e Treatment Implementation concerns applying the designed treatment in
the original context of the problem. When the research context is a
real-world problem (as in this thesis), the treatment implementation task
refers to technology transfer, thus applying the research results to a con-
text outside the academy.

This design science project is limited to the three first tasks of the engineering
cycle (Wieringa, 2014), named the design cycle, leaving treatment implemen-
tation outside the research project. Design problems must be addressed by
following specific design methodologies, which depend on the type of artefact
needed to satisfy the requirements. In the following section, the design method-
ology of this research is summarised.

1.5.2 Design Methodology

The artefacts designed in this thesis follow the Situation Method Engineering
(SME) methodology (Henderson-Sellers, Ralyté, et al., 2014), given its support
for designing custom methods according to different situational factors. In
SME, the researcher, named the method engineer, considers situational factors
and method requirements to design a custom method from an existing method
base and/or method parts. In this research, the situational factors regard
whether the organisation adopting the MDD method has a traditional approach
to business strategy or is more like software organisations since they have
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different strategic alignment approaches, as introduced in Section 1.3. The
method requirements are elicited in the problem investigation task.

SME provides different approaches for constructing a method; this research
follows the assembly-based approach in a similar way as the case study pre-
sented by Ralyté in (Ralyté, 2013). The assembly-based approach is depicted
in Figure 1.11.

Intention

@ driven

Process
driven

Evaluation
Completeness Assemble i
method chunks

validation
Figure 1.11: Process for assembly-based situational method engineering (from (Henderson-
Sellers, Ralyté, et al., 2014)).

Specify method
requirements

Requirements
driven

Decomposition

Select
method chunks

Refinement

Aggregation

Association

In order to specify the situational requirements, it is possible to adopt a
intention-driven or a process-driven strategy. The intention-driven strategy
supports adding new intentions and strategies for a new method, while the
process-driven strategy is suitable for creating a new method. The require-
ments are specified in terms of a requirements map, using the same map no-
tation (Rolland, 2007) as in Figure 1.11, which corresponds to a graph where
the nodes represent the intentions the method must fulfil, and arcs represent
the strategies to achieve those intentions.

The requirements-driven approach to select method chunks supports querying
the existing method base, searching for method chunks that fulfil the require-
ments (Ralyté, 2013). A method chunk is an autonomous and coherent part of
a method that specifies a product and how to produce it, i.e., a product and a
process perspective. The query results can be refined through decomposition,
aggregation, refinement and evaluation to select the more appropriate method
chunks.
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The assemble of method chunks can be performed by an integration strategy
or by an association strategy. The association strategy is useful for positioning
the selected method chunks into the new method and connecting them through
guidelines (Ralyté, 2013), while the integration strategy is suitable when the
method chunks overlap and have similar engineering goals.

With regard to the guidelines to connect method chunks, (Henderson-Sellers,
Ralyté, et al., 2014) classifies them into Intention Selection Guidelines (ISG),
Strategy Selection Guidelines (SSG) and Intention Achievement Guidelines
(IAG). ISGs guide the method users to select to which intention to move from
the current intention in case more than one option is available. SSG guides
the method user to select which strategy to adopt to move from one intention
to another; for instance, in Figure 1.11 to move from the intention start to
the intention specify method requirements, an SSG should guide the method
user on following an intention-driven or a process-driven strategy. Finally, IAG
provides guidance on how to enact the current intention, in this case, how to
Specify method requirements. It is worth noting that an IAG can be specified
through a sub process, this is, in a new and embedded map.

For assembling the new model-driven method, we consider the existing model-
driven method presented in Section 1.4.1 as an assembled method, composed
by the method chunks i* (Yu, 2011a), Communication Analysis (CA) (Es-
pana, Gonzélez, and Pastor, 2009), and the OO-Method (OOM) (Pastor and
Molina, 2007). The methods have been assembled by association; particularly,
i* has been associated with CA through the GoBIS guidelines (Ruiz, Costal,
et al., 2015), and CA has been associated with OOM through the systematic
integration in (Espana, 2011).

From the point of view of SME, this thesis addresses two design problems:
1. Designing a new organisational modelling method to represent information
relevant to the strategic alignment and 2. Designing a new model-driven de-
velopment method that includes this information in the design of strategically
aligned business processes. The way SME is applied to address these problems
is detailed in the Research Method in Section 1.5.3.
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1.5.3 Research Method

In the research method section, we describe the instantiation of the research
and design methodologies. The research is structured around a main design re-
search goal, which is to improve the baseline model-driven software production
method by including organisational information on business strategy and organ-
isational structure for designing a strategically aligned, scalable, and loosely-
coupled information system.

Figure 1.12 presents the research definition under the design science framework.
As described by the methodology, the social context provides relevance and
requirements for the research project; in return, the research project produces
an artefact that satisfies the context requirements. The research project is
based on a knowledge context that provides theoretical and methodological
tools, as well as existing solutions, which are taken as input for the design of the
new artefact. In turn, the research projects contribute to new solutions. The
investigation of the effects of the artefact is based on research methods from
the knowledge context; in turn, the investigation returns empirical evidence on
the effects of the artefact.

The social context for the research is software organisations, as presented in
Section 1.3. Besides, the Universitat Politénica de Valéncia and the Valen-
cian Research Institute of Artificial Intelligence-VRAIN provide funding and
research facilities. Gendelf is a software organisation in the process of for-
malisation as a spin-off from the research of the PROS Research Centre in
the bioinformatics area. Though the transference of the method to the real-
world context is outside of this thesis, Gendelf is considered an organisation
representative of the target of the method since it requires satisfying the goal
of designing a strategically aligned, scalable, and loosely-coupled information
system.

The knowledge context is the research areas of model-driven development,
goal-based requirements engineering and strategic alignment. Also, the meth-
ods and transformation techniques from the baseline method are part of the
knowledge context: i*, communication analysis, and the OO-Method, as well
as the model transformation techniques. Since enterprise architecture mod-
elling frameworks have addressed most business and organisational structure
concepts, they are also considered part of the knowledge context.

The research goal is addressed through a single design cycle, according to
Wieringa’s design science interpretation (Wieringa, 2014). A set of knowledge
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Figure 1.12: Research definition under the Design Science Methodology.

questions and design problems are addressed through the design cycle, which
are enunciated in Figure 1.13 and detailed in the subsections below.

Problem Investigation

The problem investigation task focuses on identifying the existing model-driven
approaches for designing strategically aligned information systems (KQ1) and
the challenges of the baseline model-driven software production method for
including organisational information on business strategy and organisational
structure (KQ2).

The research question KQ1 is addressed by an empirical cycle through the
review of related works on the knowledge context defined in Section 1.2. This
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Figure 1.13: Research method structure.

task’s outcome is identifying the modelling methods used in strategic alignment
and the existing model-driven strategic alignment techniques. We also scope
the research in the context of information systems theory and provide a domain
conceptualisation through a theoretical framework.

The research question KQ2 is answered through an empirical cycle using the
single-case mechanism experiment method and the critical peer validation of
the findings (Wieringa, 2014). Single-case mechanisms experiments help study
the inner architecture of an artefact. The experiment consists of a problem de-
signed to test whether the architecture of the baseline model-driven software
production method supports including organisational information on business
strategy and organisational structure for strategic alignment. The issues identi-
fied are explained in terms of the architecture of the artefact. Possible solutions
are theorised from the modelling methods and strategic alignment techniques
identified in the state of the art. Critical peers with expert knowledge of the
baseline model-driven software production method validate the findings. To
support the analysis, a conceptualisation of the domain is also proposed.

The outcomes of the problem investigation task are the specification of the
method requirements according to the SME design methodology described in
1.11.
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Treatment Design

The treatment design addresses two design problems regarding the model-
driven development of strategically aligned information systems: how to model
organisational information relevant for strategic alignment (DP1), and how
to integrate organisational information into the baseline model-driven software
production method (DP2). The solution for the two problems produces two
artefacts that jointly address the main research goal.

For the design problem DPI1, the artefact is LiteStrat (Noel, Panach, and
Pastor, 2021b), an organisational modelling method. The situational method
engineering approach is exploited for designing the method out of the concepts
of existing modelling frameworks used for strategic alignment, in particular, its
existing conceptualisations from ArchiMate (The Open Group, 2022¢), Busi-
ness Motivation Model (The Object Management Group, 2015) and i* (Yu,
2011b). The outcome of this task is LiteStrat (Noel, Panach, and Pastor,
2021b), a lightweight organisational modelling method. From the point of
view of SME, the method is constructed following an assembly-based approach
by integration strategy. Under this approach, the method parts are concepts
which belong to different modelling frameworks that share similar engineer-
ing goals. LiteStrat is the result of assembling such concepts through a set
of guidelines and has a product dimension (the method’s metamodel) and a
process dimension (the modelling procedure).

For the design problem DP2, the artefact is a method for designing strategically
aligned business processes. The method uses model-to-model transformations
to convey organisational models’ information to business process models, so
these models are strategically aligned and could serve as input for designing
a strategically aligned information system. In this case, SME is applied fol-
lowing an assembly-based approach by association strategy, since a new method
is created by positioning the existing method chunks and providing guidelines
for their association. In particular, we provide three model-to-model transfor-
mation guidelines for integrating LiteStrat (Noel, Panach, and Pastor, 2021b)
Communication Analysis (Espana, Gonzalez, and Pastor, 2009), the business
process modelling method of the baseline model-driven software production
method. The outcome of this task is the Stra2Bis method (Noel, Panach,
Ruiz, et al., 2022), a modelling method that integrates LiteStrat and Commu-
nication Analysis through a set of transformation guidelines which materialise
strategic alignment. From the point of view of SME;, it is an assembled method
from existing method chunks (LiteStrat and Communication Analysis), assem-
bled through a set of guidelines.

31



Chapter 1. Motivation

Treatment Validation

The treatment validation focuses on whether the designed artefacts improve the
existing solution and is decomposed into two knowledge questions. The first
knowledge question is whether LiteStrat, the proposed organisational mod-
elling method, improves the representation of relevant information for strategic
alignment (KQ3). The second knowledge question concerns whether Stra2Bis,
the proposed method for designing strategically aligned business processes, im-
proves the design of business processes (KQ4).

The knowledge question KQ3 is addressed in an empirical cycle through a
family of experiments aiming to test whether LiteStrat improves the modelling
method used for the strategic alignment in the baseline model-driven software
production method, i* (Yu, 2011a). The methods are compared in terms of
which better represent the organisational domain information relevant for the
model-driven development of strategically aligned information systems. The
outcome of this task is the empirical evidence of the improvements produced
by LiteStrat.

The knowledge question KQ4 is also answered in an empirical cycle through
an experiment, which compares Stra2Bis with an unguided (ad-hoc) approach
for modelling business processes given the strategy information of the organi-
sation. The outcome of the task is the empirical evidence of the improvements
produced by Stra2Bis.

1.6 Outline of the thesis

1.6.1 Owverview of the Proposal

This research describes the design and validation of an alternative method for
integrating organisational modelling into the baseline method depicted in Fig-
ure 1.10. The proposal, depicted in Figure 1.14, is composed of two artefacts:
LiteStrat, a lightweight organisational modelling method focused on business
strategy and organisational structure, and Stra2Bis, which integrates LiteStrat
with Communication Analysis, in a similar way as GoBis integrates i* in the
baseline method.

The proposal offers LiteStrat (Noel, Panach, and Pastor, 2021b) as an al-
ternative to i* for organisational modelling, as it is specifically designed for
modelling business strategy and organisational structure, satisfying the social
context requirements. LiteStrat proposes to model a strategic scenario, which
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describes the drivers behind the software development endeavour. The strate-
gic scenario addresses definitions that affect the design of business processes
and information systems: the strategic ends, the actions to achieve them, and
the organisational structure needed to implement the strategy. The scenario
does not consider other long-term strategic concerns, such as capacity and
resource development.

On the other hand, Stra2Bis (Noel, Panach, Ruiz, et al., 2022) proposes the
integration of LiteStrat with Communication Analysis. The two methods are
integrated through metamodel mappings and through three model-to-model
transformation guidelines. The first guideline aims to transform organisational
units in the LiteStrat Model into individual CA business process models. The
second guideline transforms organisational unit links into inter-process com-
munications between business process models. The third guideline transforms
LiteStrat’s objectives into CA communicative events, which report information
on the performance of the objectives. This way, the strategy’s performance is
measured, and the organisational structure is mirrored in the analysis models,
aiming to have separated analysis models for every organisation unit, resulting
in the derivation of separated conceptual models. Following this approach, the
model-driven software production method is enabled to follow the approach for
system design of software organisations, previously presented in Section 1.3.

1.6.2 Owutline of the thesis

Table 1.1 summarises the research methods and outcomes for the research
questions and design problems and details the chapters of this document where
the research is exposed. The table also details the main articles that have
served to disseminate and validate the research among the scientific community.
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Figure 1.14: Overview the proposal.
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Table 1.1: Thesis summary

Design Cy- KQ / Outcome Chapter Article
cle Task DP
Problem Re- KQ1 State of the art Chapter 2 -
search
KQ2 Theoretical framework  Chapter 3 -
KQ2 Treatment design re- Chapter 4 (Noel, Panach, and
quirements Pastor, 2022)
Treatment DP1 Organisational ~mod- Chapter 5 (Noel, Panach, and
Design elling method Pastor, 2021b; Pas-
tor, Noel, et al.,
2021; Noel, Ruiz, et
al., 2021)
DP2 Business process align- Chapter 6  (Noel, Panach, Ruiz,
ment method et al., 2022)
Treatment KQ3 Validated organi- Chapter 7  (Noel, Panach, and
Validation sational modelling Pastor, 2023)
method
KQ4 Validated business pro- Chapter 8  (Noel, Ruiz, et al.,
cess alignment method 2023)
- - Conclusions and future  Chapter 9 -

work
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Chapter 2

Related work

2.1 DMotivation

The main motivation of this research is to advance the state of the model-driven
development research field by incorporating information from the organisa-
tional level that, according to the practices of software organisations, poses
requirements for the design of information systems. Although organisational
information has been considered in different methods for aligning information
technology and business strategy (Henderson and H. Venkatraman, 1999; The
Open Group, 2022a; Zachman, 1987), the main target of the revision of related
works are requirements engineering (RE) initiatives. This is because the pro-
posed method (introduced in Section 1.6.1) aims to be enacted for a particular
software development initiative in which the role of organisational models is
to collect requirements affecting the design of the software.

Requirements engineering is the “disciplined application of proven principles,
methods, tools, and notations to describe a proposed system’s intended be-
haviour and its associated constraints” (Hsia, A. M. Davis, and Kung, 1993).
A corner stone in RE is eliciting early requirements in terms of the intentions
driving the need for designing or maintaining the information systems which
support the organisation’s operation. Goal and agent oriented modelling initia-
tives have served for this purpose, providing frameworks, modelling languages,
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and methods for eliciting representing the intentions of social actors which are
relevant for the information system design. In goal modelling, Goals, defined
as “is a condition or state of affairs in the world that the actor would like to
achieve” (Yu, 2011b), where an actors are “active, autonomous entities that
aim at achieving their goals by exercising their know-how, in collaboration
with other actors” (Dalpiaz, Franch, and Horkoff, 2016).

Provided the support for representing social technical aspects of information
system development, goal models have served for representing social actors in-
tentions with different levels of specification. From representing the goals of
actors regardless if they are achieve through technology or no, to business goals
related to the information system to be designed, to system users’ goals in terms
of what they expect from a software system. Other applications are modelling
software development processes, business processes, for extending enterprise
architecture modelling, and strategic change (Yu, 2009). The flexibility and
freedom of goal models have posed them as an input for designing business
processes which are aligned with business goals. Consistently with the free-
dom of goal modelling languages, the goal/process alignment initiatives have
covered from very software-specific goals to high-level organisational goals.

Goal and agent oriented modelling initiatives have the potential to represent
the organisational structure (as social actors) and business strategy (though
goals and associated actions), and the goal/process alignment initiatives have
the potential to convey such information to the business process level, which
would enable aligning business process and organisational information in MDD
methods. In this chapter, we review goal and agent-oriented and goal/process
alignment initiatives, to assess the need for a new method.

On the other hand, business strategy and organisational structure information
has been conceptualised by enterprise architecture (EA) modelling frameworks.
EA frameworks such as Archimate (The Open Group, 2022a), TOGAF (The
Open Group, 2018), and ARIS (Santos Jr, Almeida, and G. Guizzardi, 2010)
aim to map the whole organisation architecture, providing support for rep-
resenting business and information technology (IT) elements. Although the
scope and purpose of EA varies among different schools of thought (Lapalme,
2011), all relate to how business strategy can be enabled and supported coher-
ently by information technology. While EA definitions must be considered in
new software development endeavours, they are not a RE method. However,
RE engineering methods have been integrated with EA frameworks to help
including EA elements into the software development process.
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This chapter reviews the works related to existing model-driven approaches
for designing strategically aligned information systems as a means to address
(KQ1). The chapter continues as follows. In Section 2.2 we describe goal and
agent oriented modelling initiatives, and in Section 2.3 we a analyse works on
goal /process alignment. Section 2.4.1 presents an overview of other integration
techniques. Finally, Section 2.7 summarises the findings of this section.

2.2 Overview of goal modelling methods

2.2.1 The i* modelling framework

The i* modelling framework provides a goal and agent-oriented modelling lan-
guage, first introduced in the PhD thesis of Erik Yu in 1995 (Yu, 1997), “Mod-
elling strategic relationships for process reenginering”. Among its applications
in requirements engineering, it has also been applied for organisational and
process modelling, among others (Yu, 2009). Focused on the early require-
ments stage of the software development lifecycle, i* proposes a socio-technical
approach for representing the goals of the information system’s stakeholders.
The main construct of i* is social dependency, thus the representation of social
actors depending on each other to achieve their goals. I* supports two levels
of modelling: strategic dependency model and the strategic rationale model.

In the strategic dependencies view, the social actors involved in the development
of the information system and their dependencies are represented through goal,
task, resource, and softgoal links. The actors can be specified as agents, which
represent real-world organisations or people, or as roles, which are abstractions
of behaviours performed by a person. In goal dependencies, the source actor
trusts the responsibility and know-how of achieving the goal to the target actor.
For tasks, the dependency is more constrained to execute an action; similarly,
resource dependencies regard achieving a specific resource. On the other hand,
soft goals have no clear-cut satisfaction criteria, and checking their achievement
is not straightforward since multiple aspects should be assessed. The most
recent version of the language, iStar 2.0 (Dalpiaz, Franch, and Horkoff, 2016),
departs from the difference between goals and soft goals, replacing soft goals
for the quality construct, which is used for qualifying goals.

In the strategic rationale model, the details about the actors’ inner goals, tasks,
resources and qualities are modelled. This allows representing a configuration
of intentional elements that allow actors to achieve their own goals and to sat-
isfy the goals of their depending actors. The inner elements can be connected
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by refinement, contribution, qualification and needed-by links. The refinement
links can be of two types: OR or AND refinements. In OR refinements, a par-
ent intentional element is connected with two or more children elements, and
satisfying at least one child element will satisfy the parent element. Similarly,
AND refinements connect a parent to children elements, but in this case, all
the children elements must be satisfied to satisfy the parent element. Con-
tribution links specify whether a child element contributes to achieving the
parent element and can be typed as help, hurt, make, or break. Qualification
links connect a quality with the goal it is qualifying. Needed-by links connect
a task with a resource needed for the task.

In both the strategic dependencies and strategic models, it is possible to draw
the participates-in relationship between actors, agents, and roles. This relation-
ship can mean different things; for instance, if the participant-in relationship’s
source is an agent representing a person and the target is a role, it must be
interpreted as agent plays the role. On the other hand, this relationship allows
representing hierarchical structures in organisations; however, as presented in
Chapter 2, it is little to no exploited by current initiatives. Another rela-
tionship between actors is the is-a link, used for generalisation, which can be
applied to specialise roles into other roles or general actors into other general
actors.

Figure 2.1 presents examples for i* strategic dependencies (SD) and strategic
rationale (SR) models, taken from (Dalpiaz, Franch, and Horkoff, 2016). As
can be seen, the SD model shows a goal dependency from the role Student
to the Travel Agency actor for representing the delegating of the goal trip
bundle booked. The task dependency buy flight tickets between the same is
also modelled but through a task dependency since it implies a specific action.
Other relationships that can be seen in the SD model are participates-in and
is-a. On the other hand, the SR model details the student’s inner intentional
elements. The goal travel organised is refined through AND relationships,
meaning that it is needed to get the authorisation obtained and the trip booked.
An example of OR refinement is shown for achieving the request prepared goal,
which can be satisfied by filling in the paper form of filling in the online form.
An example of the needed-by relationships is shown for the task pay for tickets,
which requires the resource credit card. The qualification relationship can be
observed in the quick booking soft goal, which qualifies the trip parts booked
goal.
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Figure 2.1: Examples of iStar 2.0 models from (Dalpiaz, Franch, and Horkoff, 2016). A)
Strategic Dependency Model; B) Strategic Rational Model.

2.2.2 The Goal-Oriented Requirements Language

The Goal-Oriented Requirements Language (GRL) is a “ language for sup-
porting goal-oriented modelling and reasoning about requirements, especially
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non-functional requirements and quality attributes” (ITU-T, 2018). GRL is
part of the recommendation Z.151 of the International Communication Union
(ITU), which specifies the User Requirements Notation (URN). GRL is based
on i* and the NFR framework (Chung et al., 2012). The main constructs are
similar to i*: actors, intentional elements and links between such elements;
however, GRL also considers indicators. GRL’s intentional elements are also
similar to the initial version of i*: goals, tasks, resources, and soft goals, and
add the beliefs construct. Beliefs are used to represent design rationale and
support the reflection and justification of the decision-making process.

GRL supports the specification of qualitative or quantitative attributes, which
can be automatically evaluated for analysing whether the modelled dependen-
cies and intentional elements satisfy the actors’ goals. Some of these attributes
are the tmportance, which can be applied to actors, links, and intentional ele-
ments, and indicators to express quantitative and qualitative real-world values
about the satisfaction of the intentional element. Figure 2.2 shows an example
of an indicator an actor containing the task Make connection over internet
with an importance of 100, the indicator Failure rate for voice connection over
internet with an importance of 40, and a contribution of 100 from the indicator
to the task.

Make voice
connection over

Internet (100)

Correctly
setup logging
equipment

Failure rate for
volce connection
over Internet (40)

” - -

- “’
~ - T e wm == =TT ZAS1(12)_F28

.....

Figure 2.2: Examples of a GRL indicator and importance values from (ITU-T, 2018).

2.2.3 TROPOS

TROPOS (Bresciani et al., 2004) is a software-oriented methodology based on
goal and agent-oriented modelling. TROPOS covers the entire software devel-
opment lifecycle, including early and late requirements, architectural design,
detailed design and Implementation. In the early requirements stage, TRO-
POS addresses similar concerns as i* and GRL. TROPOS includes a modelling
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language based on i*, although some constructs are changed and new ones are
included.

TROPOS includes a modelling language based on i* for the early and late
requirements stages, although some important modifications are introduced.
For modelling social actors, TROPOS provides just the actor construct, which
serves to represent i*’s actors, roles and agents. Regarding the intentional ele-
ments, TROPOS preserves i* goals and soft goals; however, the task construct
is replaced by the plan construct. A plan is defined in TROPOS as “a way of
doing something”. Another construct not present in i* (but in GRL) is beliefs,
representing an actor’s knowledge of the world.

TROPOS provides other diagrams for supporting architectural design to re-
quirements to implementation stages. Notably, in the architectural design
stage, the actors diagram is introduced. The actor diagram allows specifying
the delegation of goals (identified in the early and late requirements stages)
to sub-actors, and thus defining the organisational architecture, as depicted in
the example in Figure 2.3.A. The actor diagram is extended by the capabilities
diagram (an example is shown in Figure 2.3.B), which depicts the dependen-
cies among the sub-actors of an actor and the dependencies among sub-actors
and other actors.

KAOS

KAOS was one of the first goal-modelling initiatives (Dardenne, Van Lam-
sweerde, and Fickas, 1993) that has evolved to consider system actors, respon-
sibilities, and domain information (Nwokeji, T. Clark, and Barn, 2013). In
KAOS, goals represent what the system is designed to achieve or the inten-
tions of an actor in a system; among them, conflicts or trade-off situations
can be represented. Goals can be requirements if they have clear satisfaction
criteria, or expectations if not. KAOS also introduces the obstacle concept as
an undesirable condition that hinders the satisfaction of a goal, while a domain
property is a condition that must be held for satisfying a goal. Goals can be
refined into more specific goals until they are assigned to agents (e.g., humans,
machines, etc.), this is, active objects that can operate the system.

In Figure 2.4 an example of a KAOS model from (Matulevi¢ius and Heymans,
2007b) is presented, showing the refinement of goals into subgoals, the respon-
sibility assignment to a software agent (the scheduler), and the operations the
agent must perform to satisfy the goals.
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Figure 2.3: Examples of TROPOS actor diagram (A) and capabilities diagram (B) from
(Bresciani et al., 2004).
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Figure 2.4: Example of a KAOS goal model from (Matulevi¢ius and Heymans, 2007b).

MAPS

A map is a “directed labelled graph consisting of nodes representing inten-
tions and edges to represent strategies” (Henderson-Sellers, Ralyté, et al.,
2014). Though maps are widely exploited for modelling processes, they have
been applied to capture strategic information at the organisational level (Vara,
Sénchez, and Pastor, 2008). The core concept of a map is the section, which is
composed of a source intention, a target intention, and a strategy that suggest
how to achieve the goal of performing the desired task expressed in the target
intention, from the source intention. A section is specified through three types
of guidelines, which provide guidance on what target intention to select given
a source intention, what strategy to select if there is more than one available
to go to the selected target intention, and how to enact the selected strategy
to achieve the selected target intention. A section can be refined as an entire
map at a more specific level of granularity.

In Figure 2.5, an example of a map is shown from (Vara, Sanchez, and Pastor,
2008), depicting a booking process.
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Figure 2.5: Example of a map diagram for a booking process from (Vara, Sanchez, and
Pastor, 2008).

2.3 Goal and business process alignment

In Table 2.1 we summarise the reviewed works according to some of their dif-
ferentiating characteristics. First, the table presents the organisational and
business process modelling languages considered. Then, a proposed classifica-
tion for the alignment approach, inspired in the alignment patterns by Habba,
Fredj, and Chaouni (Habba, Fredj, and Benabdellah Chaouni, 2017). The re-
viewed initiatives can be classified as awverification if they provide automatic
checking of consistency between models, as a transformation, for proposals for
automatically transforming organisational model elements into business pro-
cess model elements and vice-versa, or as an analysis, for those articles that
offer a conceptual framework for reasoning about alignment. The table also
describes the integration mechanism of the initiatives, which can be mapping
rules, i.e., guidelines to match elements from one model to another, or a pro-
cedure for analysing the consistency of the models, or others. We also identify
the most important mapped goal model concepts. Finally, we classify the goals
provided by the authors to illustrate their proposals.

We base our classification of goals in Alter’s work system theory (Steven Alter,
2013) as depicted in Figure 2.6. We name system goals to those who represent
goals of the system itself, processes, and participants (as system users), busi-
ness goals to those focused on the customer and in the products and services
offered by the organisation, and organisational goals to those addressing strat-
egy, environmental or infrastructure issues of the organisation. We excerpt a
caption of the highest level goals in the examples provided by the authors to
illustrate the classification. Next, we summarise the related works according
to their alignment approach.
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Figure 2.6: Goal classification proposal based on work system theory.
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2.4 Model-to-model transformation techniques

In (Cano-Genoves, Insfran, and Abrahao, 2022; Insfran et al., 2017), thr au-
thors present a proposal based on GRL, aiming to help prioritise the business
process activities that must supported by technology according to the value
propositions of the system’s stakeholders. The initiative proposes adding busi-
ness value information to GLR models, namely value@QGRL, so that it can be
traced to BPMN models. The approach is to propagate the importance values
for intentional elements and links in GRL models to BPMN models, so each
BPMN activity has a value based on the goal model. To do this, mapping
rules for transforming GRL elements into BPMN models are proposed. Ac-
tors are transformed into process pool lanes, intentional elements (tasks) into
process activities, and goal links into process flow links. It is worth noting
that, from a RE perspective and according to the concern-based requirements
taxonomy (Glinz, 2007), the proposal does not contribute with system require-
ments but with project requirements; however, under some taxonomies, project
requirements are considered among non-functional requirements (Kotonya and
Sommerville, 1998).

Kraiem et al. (Kraiem et al., 2014) present a mapping from a MAP model to a
BPMN model as a means to convey higher-level intentions and strategies to the
business process level. The approach is to start modelling the high-level inten-
tions and strategies using MAP models and then refine the MAP model sections
of the model into more detailed MAP models. MAP models that cannot be
further specified can be transformed into BPMN models following mapping
rules. Higher-level MAP sections are transformed into BPMN sub-processes;
for refined MAP models, strategies linked to intentions are transformed into
BPMN tasks. BPMN gateways are inferred from the different configurations
of strategies and intentions. From a RE perspective, the proposal provides
functional requirements as it helps identify the functions and behaviour of the
system (Glinz, 2007).

The proposal by Ruiz et al. (Ruiz, Costal, et al., 2015) presents the integra-
tion of i* models with Communication Analysis (CA) (Espana, Gonzélez, and
Pastor, 2009) models to integrate business goals and business process mod-
els. The approach is based on the idea that dependencies among actors at
the organisational level require communication among such actors at the busi-
ness process level. I* model elements are transformed into CA model elements
through a set of mapping rules. An i* model is transformed into a CA process,
and each dependency among actors in i* is transformed into a communicative
event between the same actors in the CA model. This way, business process
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models are guaranteed to consider the communication between actors for spec-
ifying and informing the achievement of goals. From a RE perspective, the
approach helps elicit functional requirements since it supports completing the
specification of business processes.

In (Li, Zhou, et al., 2015), the authors present a formal approach for trans-
forming business goal models in GRL to business process models in BPMN.
The method defines the metamodels for the modelling languages and a set of
mapping rules for transforming goal models’ intentional elements and depen-
dencies into business process model elements. The method aims to convey
business goals and dependencies among actors into business process activi-
ties and flow elements passing through a business scenario, modelled in the
Use Case Maps notation (Buhr and Casselman, 1995). The article presents
examples regarding the business goals of the organisation that provides the
system, the dependencies with external organisations, and the goals of such
organisations. From a RE perspective, the method aims to collect functional
requirements from the organisational level: the goals and dependencies are
mapped into BPMN subprocesses and collaborations, which are meant to be
supported by the information system.

The work by Horita et al. (Horita, Honda, et al., 2014) proposes an ap-
proach for transforming goals and sub-goals from KAOS models into BPMN
modelling elements. The proposal offers a set of transformation rules to be ap-
plied incrementally from top to lower-level goals. The mapping rules consider
KAOS patterns as source elements, which must be interpreted by the ana-
lyst to be transformed into the correct business process model elements. Like
other approaches, from a RE perspective, the proposal supports the elicitation
of functional requirements since it helps identify business process elements to
be supported by the information system.

In (Sun et al., 2010), Sun et al. describe a transformation approach to gen-
erate business process models from goal models represented using a proposed
notation named O-RGPS. O-RPGS proposes a goal modelling language that
decomposes functional or non-functional goals into more specific operational
goals and represents whether a decomposed goal is mandatory, optional, or
alternative, as well as dependencies and exclusions between goals. O-RPGS’
business process modelling notation represents composite and atomic processes
and precedence relationships among them; split and join gateways and start
and end events complement the language’s elements to specify the process
flow. The method proposes mapping rules to transform goals into compos-
ite sub processes, operational goals into process tasks, and the goal links into
precedence and gateway elements to represent the business process flow. The
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method supports the identification of functionalfunctional requirements since
the transformation ensures the inclusion of business process elements in the
information system to be developed.

De la Vara et al. (Vara, Sanchez, and Pastor, 2013) propose a different ap-
proach of integration based on generating goal models from business process
models using BPMN. For goal modelling, a goal-tree notation is proposed that
provides the goal concept and AND and OR links to decompose them into more
operational goals. The authors propose a set of guidelines for deriving goal
elements from business process elements. BPMN'’s diagrams, sub-processes,
loops, branching structures and data objects are mapped into goals, while pro-
cess tasks and events are mapped into tasks at the goal modelling level. The
article also proposes heuristics for refining the generated goals by analysing
whether branching structures have alternative execution flows or not to gener-
ate OR or AND refinements, respectively. The article discusses when goal and
business process models should be combined, as in the proposal. The recom-
mendation is to use goal and business process models jointly when goals are
expected to change consistently with new strategies from the organisational
level. From a RE perspective, this proposal does not help identify new system
requirements but fosters traceability between business goals and processes.

2.4.1 Other integration techniques

As seen in Table 2.1, another approach for integrating information from the
organisational level into the business process level is validation. Under this
approach, we classify proposals on which goal and business process models
are modelled separately, thus, without using model-to-model transformations.
The techniques propose checking goal and business process model consistency
based on mapping rules or analysis procedures.

In (R. Guizzardi and Reis, 2015), the authors propose modelling goals using
TROPOS and business processes using BPMN. The initiative seeks to help an-
alysts identify which business process activities help achieve the organisation’s
goals and reasoning about the impact of such activities on the organisation’s
top goals. The article proposes an analysis procedure named goal and activity
alignment, where the analyst selects the leaf goals of a goal model and assign
them to an activity or sub-process in the BPMN model. As a result, the ana-
lyst could verify whether the organisational goals are being satisfied by current
business processes; moreover, using TROPOS goals’ importance attributes, the
impact of business process activities for organisational goals can be estimated.
From a RE perspective, the verification of business processes completeness
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supports eliciting functional requirements, with the impact analysis does not
provide system requirements but helps identify project requirements, according
to Glinz’ requirements taxonomy (Glinz, 2007).

The work presented in (Groner et al., 2014) seeks to validate whether business
process activities realise business goals. The authors propose an automated
approach based on the formal definition of the modelling notations and the
mapping rules among them. The mapping rules help identify inconsistencies
between the models, particularly for the purpose of business process orches-
tration and choreography. The proposal focuses on the goal model’s tasks and
their consistency with business processes, while other goal elements, such as
goals and soft goals, are outside the scope of the article. From a RE point of
view, even though the proposal does not recommend a specific way for resolv-
ing the inconsistencies, it can be exploited to redesign business processes so
they fix to goal requirements, so it could help identify functional requirements.

Cortex-Cornax et al. (Cortes-Cornax et al., 2015) present another validation
technique for checking the consistency of KAOS goal models and BPMN busi-
ness process models. The article describes an analysis procedure to align goals
and business processes by identifying intentional fragments, which are elements
of the BPMN model which can be traced to one or many goals. The analysis
procedure yield to the classification of intentional fragments as justified (a set
of business process elements can be traced to a goal) or as potential (a set of
business process elements that is not related to a business goal). As in the
previous proposal, checking the consistency of business process models helps
analysts to identify functional requirements, by identifying process redesign
needs for matching business goals.

The user Requirements Notation (URN (ITU-T, 2018) is a standard by the
International Telecommunications Union for requirements specification for re-
quirements specification. URN proposes model goals using GRL and business
processes using Use Case Maps (Buhr and Casselman, 1995). Additionally,
the language supports user-defined, typed links that can be used to connect
any pair of modelling elements, as well as adding tags and profiles for adding
metadata to the modelling elements. Although the specification recommends
two types of analysis (GRL model evaluation and UCM path transversal), it
does not recommend a systematic approach for analysing the consistency of
goal and business process models. However, in their revision of twenty years
of application of the approach, Ammyot et al. (Amyot et al., 2022) visit URN
applications for aligning goals and processes, including most of the previously
reviewed works using GRL. A worth noting proposal is the one by Akhighe
et al. A(Akhigbe et al., 2016), which uses both GRL and UCM notations,
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connecting their elements through the user-typed links. The initiative pro-
poses a set of consistency rules to check the alignment of goals and business
processes. From an RE perspective, the initiative helps completing business
process model elements, supporting the elicitation and validation of functional
requirements.

Another approach for integration is providing a conceptual framework to anal-
yse goal and business process models for their alignment without implying any
kind of mappings or automation. We refer to this approach as analysis pro-
posals. For instance, de la Vara, Sanchez, and Pastor (Vara, Sanchez, and
Pastor, 2008) present a method for analysing the purpose of business processes
based on organisational goals. The method considers an initial business process
model representing the current organisation status. Then, goal modelling is
performed using MAPs, considering organisational actors’ intentions towards
using the system as goals and the high-level activities supported by the system
as strategies. This step might reveal that some goals have not been achieved
yet, yielding the design of the existing business processes. The next step is
to operationalise the MAP model by analysing what organisational goals are
related to which business process model elements and identifying whether ex-
isting business process elements must be removed, maintained, or added. From
an RE perspective, the approach helps elicit functional requirements since it al-
lows identifying business process elements to be supported by the information
system.

Another proposal for helping analysts to align organisational goals and busi-
ness process models is presented by Sousa and Prado Leite (Sousa and Prado
Leite, 2014). The GPI (goals, process and indicators) approach introduces
an intermediate model between goal and business process models to specify
key performance indicators as a means for bridging the gap between high-level
organisational goals and more specific goals of organisational actors or, more
precisely, organisational roles. In GPI, an i* goal model represents the high-
level organisational goals and processes (using the i*’s task construct). The
processes are refined into an intermediate model that links processes with the
participating roles; more specific goals and sub-processes are modelled for each
role. The intermediate model serves as input for business process modelling
in BPMN, where each role is represented as a pool lane, and a process flow
is modelled to specify the role’s subprocess. An interesting outcome of the
approach is that it supports validating whether business process models have
the activities and information assets to assess the organisational goals that
it is supposed to satisfy. From a RE perspective, it contributes to eliciting
functional requirements for completing the business process models.
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2.5 Discussion of goal and process alignment initiatives

Next, we discuss the reviewed initiatives in the context of our research , this
is, how they could possibly support the integration of business strategy and
organisational structure information into an MDD method to align business
processes.

2.5.1 Including business strategy and organisational structure
information

Regarding the integration of organisational structure, none of the articles pro-
poses an explicit characterisation of the organisation under analysis and its
inner organisation units. Some articles recommend and exemplify modelling
the organisation under analysis as an actor (Amyot et al., 2022; Groner et al.,
2014), no specific constructs, tags or metadata profiles are proposed. Even
though the participates-in link is present in most of the agent-oriented no-
tations, none of the reviewed initiatives exploit it for preserving hierarchical
relationships. On the other hand, most of the initiatives map the dependencies
between actors at the organisational level (that could represent organisation
units) into business process level links. However, most proposals exemplify
the dependencies between actors at a very operational or system-specific level
(dependencies to perform a task or to achieve a system goal), and not in terms
of what are the actors (in this case, organisational units) high-level goals or
organisational commitments (see Section 3.3.2).

Regarding the representation of business strategy (see the conceptual frame-
work for organisational ends and means in Section 3.3.2), most initiatives
present stakeholder goals at the operational or system level in their examples,
which is appropriate for the scope of the proposed methods since they do not
claim to provide strategic or high-level alignment (Ruiz, Costal, et al., 2014;
Sun et al., 2010; Insfran et al., 2017; Vara, Sanchez, and Pastor, 2013; Mario
Cortes-Cornax et al., 2012). On the other hand, some alignment initiatives,
which claim connecting high level goals with the operational levels, consider
an iterative refinement of goals to get from strategic to operational level goals
(G. Guizzardi and Wagner, 2004; Vara, Sanchez, and Pastor, 2013); however,
they do not provide a clear cut criteria for the refinement, so strategic and op-
erational goals are not conceptually distinguishable. Some approaches clearly
separate organisational ends and means from process specific goals and actions
by introducing intermediate models to bridge the gap (Sousa and Prado Leite,
2014; Li, Zhou, et al., 2015). We think this conceptual differentiation is help-
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ful both for the method’s users and for the automatic integration of business
strategy into a MDD method.

2.5.2 Supporting system requirements elicitation

As presented in Table 2.1, most approaches integrate goal and process mod-
els aiming for help eliciting functional requirements by improving the quality
of business process models. For quality we refer to business process model’s
completeness and alignment, this is, having all the needed process elements
to achieve the goals, and not having unjustified process elements according
to the goal models. Transformation approaches ensure that critical goal level
elements are present in business process models, while validation and analy-
sis approaches provide guidelines for checking consistency, helping identifying
process re-engineering needs. In almost all the cases, the business process is
presented as a single model and diagram, and no guidelines for structuring
multiple processes or for analysing their dependencies is mentioned.

A notable exception is the work by Groner et al. (Groner et al., 2014), which
addresses business process orchestration and choreography consistency with
organisational dependencies. Under the Glinz taxonomy for non-functional re-
quirements (Glinz, 2007), this approach helps eliciting specific quality require-
ments (o "ilities"); according to ISO/IEC 25010 standard, the specific quality
regards requirements interoperability, defined as “The ability of two or more
systems or components to exchange information and to use the information

exchanged” (ISO/IEC, 2010).

As presented in Section 1.3.5, aligning organisational information and the in-
formation system requires preserving organisational structure information from
organisational models to information system models, going through the busi-
ness process models. As reviewed in the related works, this type of requirement
(aconstraint requirements, according to Glinz (Glinz, 2007)), is not supported
by the existing goal and process alignment initiatives, setting a challenge for
existing MDD methods.
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2.5.3 On the state of the art of goal and business process
alignment approaches

As reviewed, most of the related works were produced in the middle of the
last decade; however, they are still relevant today. The reviewed proposals
set the conceptual foundations for goal and process alignment, which has been
exploited with automated, state-of-the-art techniques. For instance, an auto-
mated analysis method based on process mining is presented in (Skobtsov and
Kalenkova, 2019), where heuristic approaches are applied to compare business
process models in BPMN efficiently. The proposal aims to compare a BPMN
model generated by process mining against a reference business process model
in BPMN, previously designed in alignment with a MAP goal model using
the method by Kraiem, Kaffela, and Khanjari (Kraiem et al., 2014), with a
business process model mined from the information system logs. Similarly, the
alignment approach by Horita et al. (Horita, Honda, et al., 2014) has been ap-
plied to analyse the alignment of business process models extracted from logs
of organisational daily operations through process mining techniques (Horita,
Hirayama, et al., 2019). Using a pattern-based method, the authors propose
to repair goal models by dealing with the repair of business process models.

While the works reviewed provide a varied set of approaches for integrating
goal model information, they do not support the alignment with organisational
strategy and structure. We think there are three main reasons for this, based
our claim on the results presented in Table 2.1 and on the papers review.

Firstly, most approaches exclusively focus on eliciting functional requirements,
since they seek to have complete and consistent business process models in
terms of activities, tasks, and other elements aligned to goal models. This
leaves outside the scope deriving the constraint requirement needed for map-
ping the structure of the organisational actors (unit, roles) to the business
processes and information systems structure.

Secondly, although some of the reviewed works explicitly mention their purpose
of aligning processes with organisational goals, all the approaches presented
methods, examples, or case studies addressing system or business goals, and
not organisational goals. This is not a limitation for most proposals since they
work with goals that can be straightforwardly addressed by a business process,
thus helping elicit functional requirements. However, organisational goals are
high-level, strategic goals that can affect several business processes. Mapping
organisational goals business processes could require an explicit intermediate
level of goals, such as introducing intermediate models as in (Sousa and Prado
Leite, 2014; Li, Zhou, et al., 2015), or by having different constructs to dis-
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tinguish high-level and more operational goals, such as goals and objectives in
BMM (The Object Management Group, 2015).

Finally, except for GoBIS (Ruiz, Costal, et al., 2015), the alignment approach
considered in our baseline MDD method, none of the related works provide a
semantic rationale for connecting the goal and business process modelling con-
structs underlying the proposed mapping rules and analysis processes. This
problem is shared by most model integration techniques (Mustafa and Labiche,
2017). In GoBis, a pivot ontology is used as an intermediate conceptualisa-
tion to connect goals and business processes, providing a sound conceptual
integration.

2.5.4 Enterprise architecture and goal models

Besides goal modelling, other initiatives have combined frameworks addressing
business strategy concerns. Business plans (modelled in Business Motivation
Model (The Object Management Group, 2015)) (BMM) have been used jointly
with i* to add intentionality to the process of enterprise architecture construc-
tion (Yu, Strohmaier, and Deng, 2006). The approach proposes an enterprise
architecture construction process that introduces i* modelling steps. First,
the current EA architecture is jointly modelled in with i* and BMM'’s busi-
ness plans, provided the strategy-specific BMM’s constructs for representing
the organisational ends and means, such as strategy, tactic, goal, and objective,
among others. The process then exploits i* capabilities to analyse business
problems and rot causes, and then develop different EA configurations to sat-
isfy strategic goals.

In (Engelsman, Quartel, et al., 2011) a proposal to provide intentionality mod-
elling to EA is presented. The aim of the proposal is representing the underly-
ing motivation of the EA construction, representing the stakeholder concerns
and the goals that related to these concerns. By considering common elements
from BMM, i* and KAOS modelling languages, the authors propose ARMOR,
a modelling language for linking intentionality and requirements. The language
is aligned with Archimate (The Open Group, 2022a), and provides concepts
related to the requirements’ domain such as hard and soft goals, use cases and
requirements, and concepts related to business domain such as stakeholder,
concern, and assessment.

In (Wautelet, 2019), the author presents MoDrIGo, a model-driven framework
for information technology (IT) governance. MoDrIGo enables the represen-
tation of business and IT objectives within a strategy and facilitates the as-
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sessment of how business IT services, whether existing or under development,
align with both business and IT goals. Business strategy and the IT strategy
are modelled using NFR trees. A model based on i* represents the portfolio of
IT services needed to achieve the strategic goals, and i* models are designed to
analyse how the management level goals can be fulfilled through other actors’
contributions.

The above initiatives exploit goal models expressiveness of social actors’ in-
tentionality to help bridging the gap between business strategy and IT ar-
chitecture. However, organisational structure is not considered in the above
approaches, and the the integration with the operational level (i.e., business
processes) is not addressed.

2.6 Works related to the baseline method

As introduced in Section 1.4.1, the baseline method integrates three meth-
ods for addressing the organisational, business process, and system modelling
levels: i*, Communication Analysis, and the OO-Method. Even though the
baseline method is part of the context for the present research, there is sound
rationale for them to compose model-driven software production method from
requirements to code, which are listed below.

e Organisational level business strategy representation: as previously re-
viewed i* and the family of agent and goal oriented modelling frameworks
are the most used for representing business goals in RE initiatives. More-
over, i* is one of the most used frameworks for business goals modelling
for strategic alignment (Yu, Strohmaier, and Deng, 2006; Johannesson,
2007; Louaqad and El Mohajir, 2014). Despite its many applications
for modelling organisational and business goals, it is worth noting that
strategic concepts such as strategy, influence, motivation, and tactics are
not present in i* but have been mostly covered by enterprise architecture
frameworks such as Archimate (The Open Group, 2013) and BMM (The
Object Management Group, 2015).

e Information system level code generation: the modelling framework for
the information system level must support code generation. As reviewed
Sebastian et al. (Sebastian, Gallud, and Tesoriero, 2020), there are more
than 50 MDA-based initiatives with code generation, being UML the
most used language. However, many research initiatives lack of industrial
adoption evidence. We choose the OO-Method (Pastor and Molina, 2007)
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(OOM), since its tool support! has been applied for more than a decade
in several software projects; also, OOM uses diagrams that are similar to
UML’s class and estate machine diagrams.

e Semantic consistency: As researched by Mustafa and Labiche (Mustafa
and Labiche, 2017), one of the most challenging aspects to connect differ-
ent modelling languages is to have meaningful connections among them.
Even though BPMN is one of the most used language for business process
modelling, we opted for the Communication Analysis method (Espana,
Gonzalez, and Pastor, 2009) for business process modeling, since it has
been methodologically integrated with OOM (Espafa, 2011) and with i*
(Ruiz, Costal, et al., 2015).

The stack of methods is depicted in Figure 2.7. Below, we describe the methods
and the integration techniques.

At the organisational modelling level, the baseline method considers mod-
elling organisational goals and strategic elements using i* (Yu, 2011b), which
we previously described in Section 2.2.1.

For the transformation of goal models to business process models, the
baseline method considers the GoBIS technique (Ruiz, Costal, et al., 2015).
GoBIS, previously described in Section 2.4, uses FRISCO (Falkenberg et al.,
1998) as a pivot ontology (Giachetti, Valverde, and Marin, 2012) to ensure
ontological consistency i* and Communication Analysis models. Its main con-
struct is that the satisfaction of a dependency between actors involves a com-
municative interaction between these actors. GoBIS presents nine guidelines to
cover the different types of dependencies of i* and map as much information as
possible about the process flow. The GoBIS approach provides semi-automated
assistance for the analyst in the model transformation process.

For business process modelling, we use the Communication Analysis (Es-
pana, Gonzalez, and Pastor, 2009) method (CA). CA is a communication-
centred business process modelling method. Its main construct is the com-
municative interaction among actors. A communicative interaction is a fine-
grained unit of valuable information about the problem space in the business
process context (A. Gonzalez, Espana, and Pastor, 2009). The communicative
interaction involves a primary actor that triggers the communication, a com-
municative event, that details the communication requirements, one or many
receiver actors, that are the target of the communication, and ingoing and
outgoing interactions. The communicative events can be specified in terms

ntegranova Software Solutions - http://www.integranova.com /es/
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Figure 2.7: Baseline method.

of the contact, content, and reaction system requirements for supporting the
communicative event. The ingoing and outgoing interactions can be specified
in terms of the structure of the messages, allowing to specify data fields, types,
and structure.

For the transformation of business process models into information
system models, we use the technique presented in (Espana, 2011), which
allows the derivation of OOM structure, behaviour, and functional models.
The main idea is that the structure of the messages interchanged among the
actors can be mapped into classes, attributes, and their relationships. More-
over, the process flow and the actors’ interactions can be mapped into methods
and, partially, into functionality. The technique also ensures semantic consis-
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tency among CA and OOM using FRISCO (Falkenberg et al., 1998) as pivotal
ontology (Giachetti, Valverde, and Marin, 2012).

Finally, for the information system modelling level, the baseline method
uses OO-Method (OOM) (Pastor and Molina, 2007). OOM is an example
of an MDD method: it is a software production method that is based on a
formal language for the object-oriented specification of information systems
called OASIS (Pastor, Salavert, and Cerd4, 1995). OOM is composed of four
modelling views: the object model, the dynamic model, the functional model,
and the representation model. The object model allows specifying the system
structure using object orientation, while the dynamic model represents the
system’s behaviour. The functional model allows to specify business logic, and
the representation model permits defining abstract user interface components
for using the system services. The specific platform requirements are modelled
as attributes of the information system. The tool support for the OO-Method
is INTEGRANOVA Model Execution System (Integranova Software Solutions,
2023), an industrial tool that fully supports OOM and generates codes in
several technological platforms both for the back end and the front end of the
information system.
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2.7 Summary
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This chapter reviewed works on existing model-driven approaches
for designing strategically aligned information systems, addressing
(KQ1). We reviewed requirement engineering proposals which might
help integrate organisational information into business process mod-
els. Since goal and agent-oriented modelling frameworks are useful
for representing social actors and their intentions, we reviewed five
goal modelling frameworks to understand their approach and differ-
ences.

The overall approach of the works is the alignment between goals and
processes. We identified different alignment techniques (transfor-
mation, verification, analysis), mostly supported by mapping rules.
The aim of most of the initiatives was to improve the completeness
and justification of business process modelling, thus helping elicit
functional requirements of the supporting information system.

Even though most of the related works were proposed in the mid-
dle of the last decade, their conceptual foundations are relevant
today for applying state-of-the-art techniques for goal and process
alignment, such as process mining and automated analysis through
heuristics. However, new conceptual contributions addressing the
need for integrating organisational structure or mapping high-level
organisational requirements have yet to be proposed.

Other reviewed works aimed to integrate goal and enterprise archi-
tecture methods, mostly to provide intentionality analysis to the
enterprise architecture construction process. However, the scope of
these initiatives is broader than requirements engineering since it
seeks to align the whole organisation’s strategy and I'T architecture.

As a conclusion, none of the goal and process alignment methods
support including organisational information for goal and process
alignment. Although goal modelling frameworks (such as i*, in-
cluded in the baseline method) could possibly be applied to model
and map organisational strategy goals, there is an open challenge in
preserving organisational structure for business process alignment.



Chapter 3

Theoretical framework

3.1 Motivation

Since MDD puts models at the centre of the software development process,
modelling methods and languages must provide a sound basis for helping its
users to produce models with syntactic, semantic, and pragmatic quality (Lind-
land, Sindre, and Solvberg, 1994). Regarding the semantic quality of models,
one of the critical elements is the ontological commitment needed to charac-
terise a complex domain precisely. A complex domain such as business strategy
and organisational structure can introduce conceptual ambiguities, potentially
harming the quality of the modelling language and the overall quality of the
method. The modelling language of a modelling method can be seen as a
representation of a domain conceptualisation (G. Guizzardi, 2013).

Conceptual frameworks help to clarify the ambiguities inherent to the domain
to be addressed (i.e., what is a strategy?) by providing precise and well-founded
definitions. The conceptualisation must be based on well-known conceptual
frameworks to be unambiguously interpreted. In particular, ontologies such as
FRISCO (Falkenberg et al., 1998) have been used to conceptualise elements
of information systems and software development methods. Foundational on-
tologies such as UFO (G. Guizzardi, Botti Benevides, et al., 2022) are used
to disambiguate the semantics of modelling languages, particularly in domains
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such as business modelling (G. Guizzardi and Wagner, 2004) or goal-oriented
requirements engineering (Bernabé et al., 2019).

This chapter proposes the base definitions relevant for characterising the or-
ganisational information needed to satisfy the social context requirements for
aligning business processes and software. First, we scope the definition of
organisational information based on the work system theory (Steven Alter,
2013), stating the difference between organisational, business, and system re-
quirements. Based both on work systems theory and the social context require-
ments, we propose three complementary conceptual frameworks for character-
ising 1) the strategic scenario that drives the need for the organisation to adapt
its processes and systems to create a new value offer, 2) the elements defining
what the organisation needs to do to provide the new value offer -the business
strategy plan-, and 3) the organisational structure needed to perform such
actions. The aim and scope of these definitions is to describe organisational
information to be included in a model-driven software development method.
While previous work on enterprise ontologies exists (Uschold et al., 1998), we
differ from enterprise architecture conceptualisations since our aim is not to
describe the organisation as a whole in a static way but to consider scenarios
in which the organisation makes strategic decisions that generate requirements
for the (re)design of business processes and information systems.

To define the conceptual frameworks, we follow an approach inspired by Bern-
abe et al. (Bernabé et al., 2019), who characterised the Goal-Oriented Require-
ments Engineering domain by proposing concepts which extended foundational
concepts from the Unified Foundational Ontology (UFO). Similarly to the work
by Bernabe et al., we use UFO-C as a reference framework, which addresses
social agents and their intentions.

The conceptualisations presented in this chapter aim to support the analy-
sis of the challenges of the baseline model-driven software production method
for including organisational information on business strategy and organisa-
tional structure, as a means to address (KQ2). This chapter first presents in
Section 3.2 the work system framework as a theoretical foundation for organi-
sational modelling. Then, in Section 3.3, we present the proposed conceptual
framework in four parts. The first one, presented in Section 3.3.1, describes a
subset of fundamental UFO-C concepts upon which the proposed conceptual
frameworks are built. The second one, in section Section 3.3.2, describes the
conceptual framework for strategic scenarios, i.e. the specific configuration of
the organisation, the actors in its environment, and the constituent units of the
organisation, which will generate the requirements for business process redesign
and the information systems that support them. The third one, Section 3.3.2,
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presents the conceptual framework for characterising the organisation’s ends
and means, which are defined in the context of the strategic scenario, and the
fourth one, Section 3.3.2, proposes a conceptual framework for characterising
the organisational structure, particularly its hierarchical relationships and the
communication needs between the organisation’s constituent units. Finally,
Section 3.4 summarises the chapter.

3.2 Work system theory and organisational modelling

3.2.1 OQOwverview of the Work Systems Theory

Work Systems Theory (WST) (SL Alter, 1995) emerges as a response to the
view of systems as just technical artefacts disregarding their importance as a
key business element. WST integrates business and organisational elements
as a central part of the system and not just as its context of use. WST aims
to help analyse systems by focusing on generating business results, leading to
better requirements for the system (Steven Alter, 2013).

A work system (WS) is “a system in which human participants and/or ma-
chines perform work (processes and activities) using information, technology,
and other resources to produce specific products/services for specific internal
and/or external customers” (Steven Alter, 2013). Information systems (IS)
are a special case of WS where all the activities and processes are focused
on processing and managing information (Steven Alter, 2008). WS theory
provides a static characterisation of the system, the WS framework, and a dy-
namic view of how the system changes over time, the WS life cycle. Figure 3.1
depicts the WS framework. All the elements in the framework are relevant for
designing systems, although they are focused on business concerns.

Processes and activities occur to produce the WS services and products; oth-
erwise, the WS would do nothing. Participants are humans that work in the
WS, whether they use the IS or not. Information in a WS considers informa-
tion entities used, created, or processed by the WS, regardless of whether it
is computerised. Technology includes tools used by the WS participants and
automatic processes.

Products/services regards information, physical or actions produced by the
WS for its customers. Customers are entities having purposes beyond their
participation in the WS and are the recipients of the WS products/services.
Customers could also be participants in the WS. There are external customers
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(outside the organisation) and internal customers (employed by the organisa-
tion).

The environment of the WS regards organisational, cultural, technical, regu-
latory, and other aspects that affect the WS’s effectiveness and efficiency. In
particular, the organisational environment deals with stakeholders, policies,
procedures, organisational history, and politics, among others. Infrastructure
considers human, information and technical resources outside the WS but are
used by it. Strategies include three different levels: enterprise, department,
and work system strategy that ideally should be in alignment.

Although all the above elements should be considered to reason about the WS,
they differ in their belonging to the WS. Processes and activities, participants,
and information are completely in the work system. Customers and product-
s/services are partially in the WS (customers can also be participants in the
WS, and products/services are produced in the WS). On the other hand, en-
vironment, infrastructure, and strategies are outside the WS but have direct
effects on it.
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Figure 3.1: The work system framework, from (Steven Alter, 2013).

Regarding the dynamic perspective of WS, Figure 3.2 presents the WS life
cycle. The WSLC is an iterative process of planned and unplanned or emer-
gent changes. The initiation phase defines the vision and goals that drive the
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desired organisational change. In the development phase, the resources needed
for the desired change in the organisation are created or acquired, including
software development. Implementation deals with implementing the system in
the organisation and does not refer to the computational implementation of
the technical solution. Finally, the WSLC considers the operation and main-
tenance of the WS.

The WSLC considers the emergence of hindrances in each phase: unanticipated
goals in the initiation phase, unanticipated opportunities in the development
phase, and unanticipated adaptations in the implementation phase and in the
operation and maintenance phase. The WSLC also describes return condi-
tions for the phases, such as the recognition of infeasibility in vision, goals or
resources in the development and implementation phases or the recognition
of non-adoption or excessive workarounds in the operation and maintenance
phase.

unarticipated adaptations unanticipated opportunities

<z

Terminate
OPERATION and INITIATION
MAINTENANCE
N
Recognition of Ready for Eec Dg_n?t!nn_uf
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operation or exce ssive vision, goals,
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Ready for implementation
IMPLEMENTATION DEVELOPMENT
Recognition of infeasibility in
vision, goals, of resources
Unanrticipated adaptations Unanticpated opportunities

Figure 3.2: The work system life cycle, from (Steven Alter, 2013).

We characterise organisational modelling under the work system theory to
achieve the goal of modelling organisational information to be included in
the baseline MDD method. In the next subsections, we propose the static
and dynamic perspectives for organisational modelling under the work system
framework and the work system life cycle, respectively.
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3.2.2 Organisational modelling in the work system framework

Considering how the nine WSF elements are grouped as inside, partially in-
side, or outside the work system, in Definition 3.1, we define organisational
modelling in terms of the elements outside the WS but affecting it directly.
The definitions below are provided for the IS as a particular case of WS.

Definition 3.1: Organisational modelling

Organisational modelling regards the representation of the environment,
infrastructure, and strategy of the IS that have a direct effect on its design.

Under this definition, we aim to scope the environment, infrastructure, and
strategy elements relevant for designing the IS under the approach of software
organisations, presented in Chapter 1.

Modelling of the work system environment

Regarding the modelling of the environmental elements that affect the design
of the IS, we consider the social context that motivates this research, i.e.,
the approach of software organisations for business strategy. According to the
social context, a highly dynamic relationship exists between the environmental
elements outside the organisation (e.g., stakeholders, policies and regulations,
among others) and the internal elements (organisational vision, culture, etc.)
that seek to adapt the organisation to its environment quickly. This approach
is based on Vial’s definition of digital transformation (Vial, 2021) presented in
Chapter 1. In Definition 3.2, we propose the definition of a business scenario
as a means to address the dynamics of the organisation reacting to an external
influence to adapt its value creation processes, and so the IS supporting them.

Definition 3.2: Strategic scenario modelling

Strategic scenario modelling regards the representation of the environ-
mental elements that drive the organisational change, the ends and means
defined by the organisation to adapt to such influences, the infrastructure
to deploy such definition, and the organisation’s reaction to the environ-
ment by offering a new value proposition.
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The above definition is encompassed by specific definitions for modelling the
WS strategies and infrastructure elements, provided below.

Modelling of the work system strategies

We scope the representation of strategy elements of the WS to the enterprise
level and to the department (or organisation unit level), leaving the strategies
particular to the work system outside of the organisational modelling scope.
In Definition 3.3, we propose a definition of organisational ends and means,
based on Mintzberg’s definition of strategy as a plan, this is, the definition of
the organisational ends and the means to achieve them (Mintzberg, 1987).

Definition 3.3: Ends and means modelling

Ends and means modelling regards the representation of the ends of the
organisation and its constituent units, as well as the means to achieve
them in terms of high-level sets of actions.

Modelling of the work system infrastructure

From the definition of strategy scenario, we scope the definition of infrastruc-
ture to the elements relevant to the social context: the development teams
and their dependencies. We scope the definition of infrastructure to human
infrastructure, which we define in Definition 3.4 as organisational structure.

Definition 3.4: Organisational structure modelling

Organisational structure modelling regards the representation of the or-
ganisation’s constituent units, as well as their hierarchy relationships and
influences.

We emphasise that it is necessary to model not only the hierarchy among or-
ganisational units but also the influences among them since each organisational
unit could be considered as a work system, with the other organisational units
as the stakeholders in its environment.
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3.2.3 Organisational modelling in the work system life cycle

Regarding the WSLC, our research in organisational modelling is focused on
the initiation phase. In the initiation phase of the WSLC, the organisation’s
executives can think about whether it is needed to invest in a mere technical
improvement or actually improve the work system and whether the improved
version of the work system is aligned with the improvement of the business
performance (Steven Alter, 2013). In the context of requirements engineer-
ing methods, we place the organisational modelling activity in the early re-
quirements phase, similar to the goal and agent-oriented modelling methods
reviewed in Section 2.2.

The expected outcomes of our organisational modelling proposal aim to mit-
igate the risk of the infeasibility of the vision, goals, and resources that drive
the development of the WS, as depicted in Figure 3.2. Our proposal aims to
1) provide a modelling method for analysing and representing the organisa-
tion’s high-level goals and resources, particularly human resources, in terms of
the organisational structure and 2) provide a model-to-model transformation
technique to preserve relevant organisational information to the development
stage of the WSLC.

3.3 A conceptual framework for organisational modelling

In this section, we provide precise definitions for the concepts involved in or-
ganisational modelling following the definitions provided in Section 3.2, using
the Unified Foundational Ontology (UFO) as a reference framework. We first
describe the foundational concepts on which we base our proposal, and then
the concepts for the strategic scenario, ends and means, and organisational
structure modelling.

3.3.1 Foundational concepts

The conceptual framework for this thesis builds upon the Unified Foundational
Ontology (UFO) (G. Guizzardi, Botti Benevides, et al., 2022). UFO has been
developed following theories from philosophical logic, philosophy of language,
linguistics, formal ontology and cognitive psychology (G. Guizzardi, 2005).

UFO comprises three sub-ontologies: UFO-A, which defines an ontology for en-
durants (objects); UFO-B is an ontology for perdurants (events); and UFO-C,
an ontology for social entities. UFO-C is built upon the foundations provided
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by UFO-A and UFO-C (G. Guizzardi, Botti Benevides, et al., 2022). In partic-
ular, we base our proposal mainly on the categories of UFO-C, since it provides
an ontological foundation for describing social agents such as organisations and
their structure, as well as agents’ intentionality and actions, which supports
the definition of business strategy. Figure 3.3 shows a UML class diagram
describing the subset of the UFO-C categories relevant to our proposal. The
categories in grey are from UFO-C, while the categories in colour belong to
UFO-A and UFO-B. Below, we define each of the classes. Please note that
some classes may refer to other UFO classes, which have been underlined and
coloured in light grey. Some referred classes are defined in this document, while
others have been omitted for brevity and are marked in italic font.

e Agent: endurant that is either a physical agent or an institutional agent(G.
Guizzardi and Wagner, 2004)

e Physical Agent: physical object that creates action events affecting other
physical objects, that perceives events, possibly created by other physical
agents, and to which we can ascribe a mental state. Examples: a dog; a
human; a robot(G. Guizzardi and Wagner, 2004).

e Person: A human physical agent. (UFES, 2015b).

e Social Agent: Social Agents (e.g., an organisation, a society) are created
by communicative acts. Social Agents are composed by a number of
other agents, which can themselves be physical agents, or other social
agents(UFES, 2015a).

e Organisation : A social agent involving people and other agents and facil-
ities with an arrangement of responsibilities, authorities and relationships
(UFES, 2015b).

e Normative Description: A normative description defines one or more rules
or norms recognised by at least one social agent and that can define nom-
inal universals such as social moment universals (e.g., social commitment
types), social objects (the crown of the king of Spain), and social roles such
as president, prime minister, PhD candidate or pedestrian. Examples of
normative descriptions include a contry’s constitution, a PhD program’s
regulations, and a set of directives on performing some actions within an
organisation (UFES, 2015a).

e Role (UFO-A): A Role represents a phased-sortal role, i.e. anti-rigid and
relationally dependent universal. For instance, the role student is played
by an instance of the kind Person (UFES, 2015a).
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Figure 3.3: Foundational concepts from UFO-A, UFO-B and UFO-C.

e Social Role: Social Roles are special types of roles (i.e., anti-rigid and
relationally dependent universals) which are characterised by a number
of social moment universals, typically, commitments and claims (UFES,

2015a).

e Intentional Moment: Intention Moment (Intentionality) should be under-
stood in a much broader context than the notion of "intending some-
thing", but as the capacity of some properties of certain individuals to
refer to possible situations of reality. Every intentional moment has a type
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(e.g., Belief, Desire, Intention) and a propositional content (G. Guizzardi,
Botti Benevides, et al., 2022).

Mental Moment: Intrinsic moment that is existentially dependent on a
particular agent, being an inseparable part of its mental state. Examples:
a thought, a perception, a belief, a desire, an individual goal. Constraint:
For all mm:mental moment; e:endurant — if mm inheres in e then e is
physical agent (G. Guizzardi and Wagner, 2004).

Social Moment: Social Moments are types of intentional moments that
are created by the exchange of communicative acts and the consequences
of these exchanges (e.g., goal adoption, delegation). For instance, suppose
that John rents a car at a car rental service. When signing a business
agreement, John performs a communicative act (a promise). This act cre-
ates a social commitment towards that organisation: a commitment to
return the car in a certain state, etc. (the propositional content). More-
over, it also creates a social claim of that organisation towards John with
respect to that particular propositional content. Commitments/Claims
always form a pair that refers to a unique propositional content (UFES,
2015a).

Commitment: Abstract concept to encapsulate different desired states of
affairs for which an agent commits to pursue.

Intention: Intentions are desired state of affairs for which the agent com-
mits to pursuing (an intention is an internal commitment) (e.g., the in-
tention of going to a beach resort for the next summer break) (UFES,
2015a). (Following the definition of

mental moment, an intention regards a

physical agent.

Social Commitment: Desired state of affairs for which the social agent
commits to pursuing.

Social Relator: A social relator is an example of a relator composed of
two or more pairs of associated commitments/claims (Social Moments).
Finally, a commitment (internal or social) is fulfilled by an agent A if this
agent performs an action x such that the post-state of that action is a
situation that satisfies that commitment (UFES, 2015a).
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e Relator (UFO-A): Mereological sum of two or more externally dependent
modes (Fonseca et al., 2019).

e Proposition (UFO-A): Proposition is an abstract representation of a class
of situations referred by an intentional moment. (G. Guizzardi, Botti
Benevides, et al., 2022)

e Goal: A Goal is the propositional content of a commitment. In other
words, since a goal is a proposition, we have that a particular situa-
tion (state of affairs) can be the truthmaker of that proposition (UFES,
2015a).

e Situation (UFO-A): Situations are special types of endurants. These are
complex entities that are constituted by possibly many endurants (in-
cluding other situations). Situations are taken here to be synonymous to
what is named state of affairs in the literature, i.e., a portion of reality
that can be comprehended as a whole (UFES, 2015a).

e Event (UFO-B): perdurant that is related to exactly two states (its pre-
state and its post-state). An event is related to the states before and
after it has happened.(G. Guizzardi and Wagner, 2004)

e Fvent Universal: Represents all the existing types of events.

e Action: Actions are intentional events, i.e., events with the specific pur-
pose of satisfying (the propositional content of) some intention of an
agent (In this sense, an action can be said to be caused by the intention)
(UFES, 2015a).

e Complex Action: Complex actions are actions that are composed of other
complex actions and/or atomic actions.

Action Universal (Plan): Represents all the existing types of actions.

3.3.2 Conceptual framework

A conceptual framework for strategic scenarios

As described in the overview of the proposal in Section 1.6.1, our proposal
for including business strategy information relevant to requirements elicitation
is modelling a strategic scenario. A strategic scenario represents how an or-
ganisation reacts to address a stimulus from its environment (for example, a

74



8.8 A conceptual framework for organisational modelling

new competitor or a new regulation by a governmental agency) by adapting its
inner elements to produce a stimulus to its environment (for example, a new
product feature or an improved quality of service). In this way, the strategic
scenario is a set of relationships between the organisation and agents in its
environment, as well as the relationships between the inner elements of the
organisation. These relationships are grounded on the intentionality of the
agents and the organisation (and its inner elements). Since the organisation
must adapt to the environment, the strategic scenario sets changes in the or-
ganisation’s intentions and inner elements. We refer to the set of intentions of
the organisation and its units as organisational commitments and to its propo-
sitional content as the value offer of the organisation. On the other hand, the
new value offer causes the organisation to define actions to achieve them, or a
business strategy plan.

To support the definitions of the strategic scenario, we present a conceptual
framework built upon UFO-A, UFO-B, and UFO-C foundational concepts.
Figure 3.4 depicts the framework, which concepts are detailed below.

e Strategic Scenario: A strategic scenario is a situation consistent of a
configuration of influence relationships between intentional moments of
agents outside the organisation and the organisational commitments of
the organisation and its organisational units. The strategic scenario satis-
fies a value proposition as a result of deploying a business strategy (plan)
to realise the organisational commitments of the organisation.

e Influence: Is a relator between the intentional moments of two agents,
that represents that the intentional moment I of the agent A produces
some effect in the intentional moment of the agent B.

e Lixternal Influence: Is an influence produced by an intentional moment
of an agent of any type (a person, an organisation, a market) that has
an effect over the organisational commitments of an organisation. For
instance, a regulatory agency sets a policy that could affect the organi-
sational commitments of an organisation. As a result, the organisation
may change some of its organisational commitments to adapt its value
proposition to the new regulatory policies.

e Internal Influence: Is an influence produced by the organisational unit
purpose of an organisational unit that has an effect over the organisa-
tional unit purpose of another organisational unit. For instance, when a
team commits to delivering a new feature, other teams may be affected
since they have to adapt their
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Figure 3.4: Conceptual model for the strategic scenario.

e Reaction Influence: Is an influence produced by an orgnisational com-
mitment of an organisation that has an effect on an agent outside the
organisation. For instance, an organisation commits to offer better prod-
uct quality that affects the customer’s intention to buy the product.

e Value Proposition: Value proposition is a proposition representing the
propositional content of the set of organisational commitments of an or-
ganisation and its organisational units. The value proposition causes the
definition of the actions the organisation must take to achieve them; this
is, the business strategy.
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A conceptual framework for organisational ends and means

In this section, we present a conceptual framework to represent organisational
ends and means, i.e., what the organisation wants and its actions to achieve
them. Our approach ontologically differs from goal-oriented requirements en-
gines such as GORO 2.0 (Bernabé et al., 2019) since we do not focus on goal-
based requirements from stakeholders but on the organisation’s goals.

Organisational goals cannot be described in terms of the organisation’s or its
units’ intentions since intentions are mental moments of physical agents. We
address this by defining the concept of organisational commitment, mirroring
the intention concept for the organisation and its inner elements. We pro-
pose two types of organisational commitments regarding the commitment of
the whole organisation, namely organisational purpose, the commitment of
the organisational units or organisational unit purpose. For these organisa-
tional commitments, we propose two different types of goals to express the
propositional content of the organisational commitments: organisational goals,
addressing high-level goals for the whole organisation, and organisational ob-
jectives, for well-defined and measurable goals.

On the other hand, the organisation’s actions to achieve its goals are included
in a business strategy plan. It comprises a set of organisational actions of
two types: strategic action, which operationalises the organisational goals, and
tactical actions, which are more specific and directly contribute to achieving
organisational objectives. In Figure 3.5, we depict the conceptual framework
built upon UFO-C foundational concepts. The definition of each concept is
detailed below.

e Organisational Commitment: Represents a desired state of affairs for
which an organisation as a whole and its constitutive organisation units
commits at pursuing. Since organisations are not physical agents with
intentions but social agents, the desired state of affairs comes from the
normative description of the organisation. For instance, a for-profit or-
ganisation’s commitment is profiting (to keep existing); a governmental
organisation’s purpose could be to provide a service to the community,
and non-governmental organisations could have as purpose promoting a
social cause.

e Organisational Purpose: Represents a type of organisational commitment
characterised by a desired state of affairs of the whole organisation that
defines its reason to be and to which is committed. Organisational pur-
pose and mission are often used interchangeably in business and manage-
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Figure 3.5: Conceptual model for organisational ends and means.

ment literature (Khalifa, 2012). While the organisational purpose as the
“reason of being” of the organisation could be interpreted similarly to the
organisational commitment (i.e., profiting), different authors consider it
a statement that reflects the organisation exists beyond accomplishing its
social commitment. For instance, in (Harvard Business Review, 2015), or-
ganisational purpose is defined as “the aspirational reason for being which
inspires and provides a call to action for an organisation and its partners
and stakeholders and provides benefit to local and global society.”.

Organisational Goal: An organisational goal defines the propositional con-
tent of the organisational purpose. An organisational goal states a par-
ticular situation which will contribute to the organisational purpose. Or-
ganisational goals might commit participants of the whole organisation,
cross-cutting the organisational units.
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Organisational Unit Purpose: Represent a desired state of affairs of an
organisational unit, which commitments are limited to the participants
of the organisational unit. Similarly to the organisational purpose, it
defined the reason to be of an organisational unit.

Organisational Objective: Similarly to organisational goals, organisational
objectives state a particular situation that will contribute to satisfy the
organisational unit purpose. However, the situation is scoped to the com-
mitments of the participants of the organisational unit, and must be
objectively assessed. Unlike goals, the situation that satisfies an organi-
sational objective is a well-defined and measurable situation, or objective
situation.

Objective Situation: Type of situation that can be objectively measured.

Business Strategy: Is an special type of plan which represents the set
of organisational actions that an organisation could perform to offer its
value proposition in the context of a strategic scenario.

Organisational Action: Is an special type of action which is performed by
an organisation in the context of abusiness strategy plan. Organisational
actions are complex actions, which means they are composed of other
complex or atomic actions.

Strategic Action: Is an organisational action that affects the whole or-
ganisation cross-cutting its organisational units. Strategic actions are
high-level, complex actions that take place in the context of a business
strategy plan. Strategies are designed to achieve organisational goals.

Tactical Action: Is an organisational action with a limited scope. Tactical
actions are complex actions; however, they are more operative, concrete
and specific than organisational strategies. Organisational tactics aim to
achieve practical and concrete organisational objectives.

A conceptual framework for organisational structure

Including organisational information for alignment requires identifying the con-
cepts to support modelling the organisation’s structure in terms of its consti-
tutional units and the relationships among them. We propose a conceptual
framework inspired by the Enterprise Ontology included on SEON: Software
Engineering Ontology Network (UFES, 2015b).
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In the first level, we conceptualise the organisation following UFO-C definition.
Consistently with Conway’s law (Conway, 1968) and the inverse Conway’s ma-
noeuvre (Thoughtworks, 2016), we focus on identifying working groups that
will perform design activities in the organisation (committees, according to
Conway (Conway, 1968). We name these working groups organisational units.
To support the definition of the organisational structure, we consider two re-
lationship types among organisational units. For hierarchical relationships, we
define the organisational unit delegation relationship, a particular type of dele-
gation relationship, in the sense that the organisation or an organisational unit
delegates the responsibility of implementing part of the business strategy to
another organisation unit.

On the other hand, to represent the relationships among organisation units
that require communication, we draw the influence relationship from the con-
ceptual framework for strategic scenario modelling presented in Section 3.3.2.
This means that the influence of an organisational unit over another (for in-
stance, a new software service delivered by a development team that must be
integrated into another team’s software product) sets the need for collabora-
tion and coordination among teams, not only for designing the way to handle
the influence (designing the integrating of the service and the product), but to
use the designs produced collaboratively (in this case, operate and maintain
the software product and the service). These consequences must be addressed
at an operational level, whether in business process or information systems
modelling, so we do not provide further typification at the organisational level.

Finally, to support the participation of persons as organisational unit mem-
bers, we provide the concept of organisational role, which is performed by an
organisational unit member (a person). Organisational roles receive their al-
location unit through organisational unit assignment. Figure 3.6 presents the
conceptual model for organisational structure. The concepts are defined below.

e Organisational Unit: Organisational units are organisations that exist
inside an organisation. Similarly to organisations, organisational units
involve people and other agents and facilities with an arrangement of
responsibilities, originated by a delegation from the organisation to the
organisational unit.

e Organisational Unit Delegation: is a delegation from the organisation to
an organisational unit, involving people and other agents and facilities
with an arrangement of responsibilities. An organisational unit delega-
tion defines a hierarchical relationship between the organisation to the
subordinate organisational unit.

80



8.8 A conceptual framework for organisational modelling

SOCIAL AGENT P:ESE'@L SOCIAL ROLE
(UFO-C) ot (UFO-C)

1 T &
ORGANISATION 1 < delegates

(UFO-C) PERSON

’ 0.* (UFO-C)

| ORGANISATIONAL
1 UNIT DELEGATION

<ddelegates to

ORGANISATIONAL
ROLE

1.

1 ‘ 1 <ddelegates | 0..*
ORGANISATIONAL INTERNAL DELEGATION
UNIT
1
| 1 <ddelegates to | A performs
ALLOCATION assigns to ORGANISATIONAL | 1..* P> assigns ORGANISATIONAL | 0..*
UNIT 1.." | UNIT ASSIGNMENT 1| UNIT MEMBER

1.7 1.7
< belongs to

Figure 3.6: Conceptual model for organisational structure.

e Internal Unit Delegation: is a organisational unit delegation from an or-
ganisational unit to another organisational unit. It also defines a hi-
erarchical relationship between the delegating organisation unit to the
delegated organisational unit.

e Organisational Role: A social role, recognised by the organisation, as-
signed to agents when they are hired, included in a team, allocated or
participating in activities. Examples: system analyst, designer, program-
mer (UFES, 2015b).

e Allocation Unit: Instance of organisational unit that have assigned or-
ganisational unit members.

e Organisational Unit Assignment: is a relator that connects an organisa-
tional unit member with their allocation unit.

e Organisational Unit Member: A Person that has been hired to work as
part of an organisation and has been allocated to an organisational unit.
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3.4 Summary

82
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In this chapter, we presented a conceptual basis to support the study
of the challenges of the baseline model-driven software production
method for including organisational information on business strategy
and organisational structure (KQZ2).

To unambiguously define the organisational information to be in-
cluded in a model-driven development method, we presented our
approach to organisational modelling under the work system theory
and a conceptual framework built upon the universal foundational
ontology UFO.

Following the definitions for the work system’s organisational ele-
ments, we defined our approach for modelling the work system’s en-
vironment (strategic scenario), infrastructure (organisational struc-
ture), and strategic (organisational ends and means).

We propose a theoretical framework for modelling a strategic sce-
nario from which the requirements for designing or redesigning busi-
ness processes and information systems are derived. The frame-
work presents the strategic scenario as a set of relationships between
agents outside the organisation that influence the organisation’s ends
and means, the relationships between the inner elements of the or-
ganisation to handle such influence, and the relationships from the
organisation to its environment attempting to influence it with a
new value proposition.

We propose a theoretical framework for defining organisational ends
and means, including strategic and tactic actions as part of a busi-
ness strategy plan and organisational goals and objectives as the
propositional context for the organisation’s purpose and social com-
mitment.

Finally, we also propose a theoretical framework for representing the
organisational structure in terms of organisational units. We propose
using delegation relationships to represent hierarchy and influence
relationships among them to represent communication needs derived
from the strategic scenario.



Chapter 4

Baseline Method Analysis

4.1 Motivation

The baseline MDD method this research aims to improve supports the mod-
elling of social agents and their goals. As detailed in Section 2.6, the baseline
method considers i* (Yu, 2011b) for modelling social agents and their goals,
and GoBIS (Ruiz, Costal, et al., 2015) for conveying organisational informa-
tion to the business process modelling level. Using i* and GoBIS presents
numerous strengths: i* is one of the most widely used languages for agent and
goal modelling, and can be used for different domains, including the strategic
organisational level. On the other hand, GoBis provides semantic consistency
with Communicative Analysis, the business process modelling method of the
baseline MDD method, which differentiates it from other goal and business
process alignment initiatives.

However, as reviewed in Chapter 2 and discussed in Section 2.5, the freedom
that i* provides and the specific focus of GoBIS on mapping dependencies be-
tween actors presents challenges and gaps for modelling and integrating busi-
ness strategy and organisational structure information into the baseline MDD
method. Since modelling business strategy jointly with organisational struc-
ture is an enabling elements of the SO’s approach to alignment, these challenges

83



Chapter 4. Baseline Method Analysis

and gaps must be identified to be addressed and to specify the requirements
for improving the baseline MDD method.

In this chapter, we analyse the challenges that using i* and GoBis pose for
modelling business strategy and organisational structure and for preserving this
information down to the business process modelling level. We define a challenge
as an issue that hinders the design goals of this research, previously stated
in Chapter 1 goals, i.e., the traceability and the automatic transformation of
business strategy and organisational structure information into the business
process level. We define traceability and practical automation goals as follows:

o Traceability is the capability to trace modelling elements through different
stages of the modelling process (Estrada et al., 2006).

e Practical Automation is a significant and non-redundant automated trans-
formation of modelling elements through different stages of the modelling
process. Non-redundance means that there must be differences in the ra-
tionale and detail of the source and target modelling elements to avoid
adding overwhelming details to more abstract levels just for the sake
of having a completely automated transformation. A transformation is
significant if it helps to provide a method quality feature, taking into
account the features defined in (Estrada et al., 2006): refinement, modu-
larity, repeatability, complexity management, expressiveness, reusability,
scalability, and domain applicability.

Throughout this chapter, we present a series of i* organisational models. We
refer to organisational models as we focus on organisational goals and actions
coming from strategy, infrastructure, and environment, and not to business
goals set by customers or system goals set by the system’s participants, fol-
lowing the proposed classification based on work systems Section 2.3. On
the other hand, the organisational information in the models is scoped to the
concepts defined in the theoretical framework in Chapter 3. We consider busi-
ness strategy and organisational structure information in the context of the
strategic scenario that drives the need for redesigning business processes and
supporting information systems.

Our analysis method is based on the abductive inference from a set of single-
case mechanism experiments (Wieringa, 2014). A mechanism experiment con-
sists of exposing an artefact to stimuli, observing its response, and explaining
the response based on the internal mechanisms of the artefact, which yields
answers that probably could explain the observed phenomena. In our case,
the artefact is the baseline MDD method; the stimuli is an i* organisational
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model; we observe if the method helps represent and preserve the information
from the organisational level to the business process modelling level, keeping
traceability and practical automation.

A limitation of the single-case mechanism experiment method is that, as stated
in (Wieringa, 2014), the explanations provided by the abductive inference
method are not certain but probable. To explore whether other researchers
share these explanations, we comment on the results with three experts in re-
quirements engineering and model-driven engineering who also know the meth-
ods under analysis.

The analysis presented in this chapter addresses the knowledge question about
the challenges of the baseline model-driven software production method for
including organisational information on business strategy and organisational
structure (KQ2). In Section 4.2, we present the single-case mechanism exper-
iment method. The analysis is detailed in Section 4.3, while in Section 4.4, the
expert review of the results is discussed. Finally, we summarise the findings in
Section 4.5.

4.2 Analysis method

In this analysis, we observe how the modelling methods and transformation
techniques of the baseline MDD method described in Section 2.6 respond to
the attempt to preserve the strategic information from the organisational to
the business process level.

The working hypothesis is that it is possible to provide traceability and prac-
tical automation of business strategy and organisational structure information
from the organisational modelling level to the business process modelling level.
In Figure 4.1, we depict the mechanism experiments or cases we designed to test
the working hypothesis. Each mechanism experiment is a modelling or model
transformation situation that demands using the baseline MDD method to test
the working hypothesis.

For each experiment, we present the following topics:
e The mechanism experiment, describing the modelling or model transfor-
mation situation.

e The problem, describing how the experimental situation hinders trace-
ability and practical automation.
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Challenges for Modelling Strategic Information

Organisational Modelling

Modelling Procedure (Analysis Case 1)
Modelling Language (Analysis Cose 2)

From Goals to Business Process Preserving Strategic Information

Mapping organisational structure and strategy (Analysis Case 3)
Effects on the Business Logic of the Business Process Model (Analysis Case 4)
{E} Business Processes Mode"ing Effects on the Struture of the Business Process Model (Analysis Case 5)

Figure 4.1: Summary of the analysis scope and cases.

e The explanation, proposing a cause of the problem based on the methods’
inner concepts, relationships, or mechanisms.

e The implications, describing the effects of the problem in the development
process, are commented.

e The rationale, classifying the problem in terms of quality attributes ex-
tracted from the literature review (information loss or transformation
coverage) and its impact on traceability and practical automation on the
baseline MDD method. We also comment on how the issue could be
addressed, referencing existing methods and techniques.

e The challenge, as a statement of an improvement goal for the baseline
MDD method.

4.3 Analysis of challenges

In the following subsections, we present the challenge analysis for including
strategic information in the baseline MDD method. First, we analyse two
cases that expose issues regarding the representation of strategic information
at the organisational modelling level with i*. Then, we analyse three cases
of transformations from the organisational level to the business process level,
showing traceability or automation issues when attempting to preserve strate-
gic information. It is worth noting that these challenges are not intrinsically
an issue of the methods and techniques but arise from the necessity of using
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them for satisfying the social context requirements using the baseline method
described in Section 2.6.

We introduce a real estate agency detailed in Example 4.1 as a working exam-
ple.

Example 4.1: Real Estate Agency

The real estate agency provides house and apartment renting services.
Currently, potential tenants ask the agency for houses or apartments (namely
properties) that fulfil specific requirements. The company assigns an agent
who offers a set of properties that might cover the requirements. The
tenant makes a reservation, pays a booking fee, and submits his or her
financial profile. The agency reviews the tenant’s financial status and
then confirms the reservation (or not). Currently, the agency is facing
competitors that offer shorter times from the property requirements spec-
ification to the reservation confirmation. In order to react to this threat,
the agency is re-engineering the renting process to go entirely online. The
agency expects to maintain and even increase its market share.

4.3.1 Challenges in organisational modelling

At this modelling level, we look for challenges regarding how to design an
organisational model using i* (presented in Section 2.2.1) modelled at the
organisational level.

Case 1: Modelling Procedure for the Organisational Level

This case shows that more than the mere presence of concepts regarding organi-
sational structure and strategic intentionality is needed to produce organisational-
level models.

Mechanism experiment: An analyst is asked to design an organisational
model as the first activity for re-engineering the renting process. The i* model
in Figure 4.2.(A) describes the goal of the organisation (online renting ser-
vice offered) that is refined by two tasks (receive booking and show available
properties). These tasks depend on the Tenant, so two social dependencies are
designed between the Agent and the Tenant. Then, the analyst designs the
model in Figure 4.2.(B) as the first step for designing business process models
to implement the business strategy.
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Figure 4.2: i* and Communication analysis diagrams showing the same level of detail for
describing business process elements.

Problem: The i* model in Figure 4.2.(A) is semantically correct and ex-
presses the organisational goal of offering an online service as the motivation
for more detailed tasks. However, in the context of MDD, we identify a mod-
elling issue when using the approach shown in Figure Figure 4.3(B), which
introduces redundancy: both Figure 4.2.(A) and Figure 4.2.(B) models have
the same level of detail. Overlapping business process specification introduces
redundancy, hinders complexity management of the model, and introduces pro-
cess modelling detail that could be overwhelming at the organisational level.

Explanation: i* does not prescribe a modelling procedure, so it can be freely
applied by the analyst. However, for its integration into an MDD method,
modelling guidelines for using i* at the organisational modelling level would be
needed to prevent mixing business intention with business process specification.
Figure 4.3 illustrates the difference between i* models representing (a) strategic
ends and means and (b) a model with fine-grained tasks.

Implications: In practice, this would lead to the use of the same model to
reflect on business strategies and goals and for defining operational details
about who delivers a document to whom. To avoid this issue, the business
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Figure 4.3: Two i* models for representing different levels of detail for organisational ends
and means.

process details must be delegated to the CA model, and traceability must be
provided from the motivation to the specification of business processes.

Rationale: the modelling issue can be classified as an information loss issue.
Given the intention to model organisational strategy, not having a modelling
procedure to avoid unnecessary detail at the organisational level could harm
the traceability of strategic information in the MDD method. It also harms
the practical automation of the method since not having a modelling procedure
does not ensure that an analyst could get to model the concepts that can be
transformed into elements of the business process modelling level.

Challenge: Challenge 1 - Provide a modelling procedure to avoid overlapping
between the organisational and business process modelling levels.

Case 2: Modelling constructs for the organisational level

This case aims to identify if more specific concepts are needed to represent
organisational goals and strategic elements.

Mechanism experiment: An analyst must represent the business strategy
defined by the directors of the company. In addition to the goal of increasing
market share and the strategic action of offering an online renting service, the
agency’s executives define that no more than 12 hours must pass between the
moment when a tenant contacts the agency to manage a property and the
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online publication of the property. Also, executives state that tenants must be
able to request the agency’s publication services at any time from anywhere.
The analyst represents this information in the model depicted in Figure 4.4.

£ N

Real Estate
Agency

- ————

Market share

e i* goal representing a high-level end (goal)

OHer online i* task representing a high-level course of action (strategy)

rentllng
S i* goal representing a specific end (objective)

Property
published in less
than 12 hours

i* task representing a specific level course of action (tactic)

i* goal representing social dependence

o

Provide online

ropa Property Lessor
~ publishing published
. request form / _ .

el P —

Figure 4.4: T* model showing how the same i* primitives can be used for modelling different
organisational concepts.

Problem: The analyst applied the same i* modelling concepts (goals and
tasks) to represent, in the same diagram, different business concepts. On the
one hand, regarding organisational ends, "market share increased" is a general
desire of the state of affairs. At the same time, "property published in less
than 12 hours" is a more specific, measurable, desired state of affairs. On the
other hand, concerning organisational means, offering an online renting service
is a high-level strategic action that can impact several business processes. At
the same time, "provide online property publishing request form" is a precise
action that affects a specific set of activities of the organisation.

Explanation: There is a construct deficit (Rosemann, Green, and Indulska,
2004); this is, the i* constructs are not enough to represent relevant concepts
of organisational modelling.

Implications:  Given strategic information and the i* constructs (goals,
tasks, resources and qualities), the decision of what to model could lead the
analysts to omit high-level information, to represent as goals the more precise
definitions, or to omit the more detailed information, to favour a more high-
level model. Since each analyst decides what concepts are important to model,
two models could not be compared nor evaluated in terms of completeness and
consistency, as already identified by Estrada et al. (Estrada et al., 2006).

90



4.8 Analysis of challenges

Rationale: Other organisational modelling initiatives such as the Business
Motivation Model (The Object Management Group, 2015) and ArchiMate
(The Open Group, 2013) define several concepts for the ends of an organi-
sation (goals, vision, objectives) and for the strategical means (strategies, tac-
tics, courses of action, business policies, etc.). The definition of these concepts
and their relationships could improve the semantics of organisational models.
This issue is related to information loss and hinders the traceability of strategic
information.

Challenge: Challenge 2 - Define organisational level constructs that are valu-
able for representing strategic information.

4.3.2 Challenges in the transformation of the organisational
model into the business process model

This section shows issues when transforming organisational models in i* to
business process models in Communication Analysis (CA). We took as refer-
ence the GoBIS technique (Ruiz, Costal, et al., 2015) for transforming social
dependencies between two actors in i* into communicative events between the
same actors. In order to identify challenges for the MDD goals, we present
three cases. Case 3 exposes the current voids in transforming the organisa-
tional structure and business strategy information into elements of the busi-
ness process models. Cases 4 and 5 show the effects of not preserving the
organisational information in the structure and logic of business processes.

Case 3: Preserving organisational structure and strategy information

This case shows that information at the organisational level that is not cur-
rently mapped could be important for designing strategically aligned business
processes.

Mechanism experiment: The agency’s executives have decided to create a
new business area, the Sales Department, responsible for the reservations. The
agents will belong to the Sales Department and be responsible for confirming
the reservations in less than 12 hours. The Agent must receive a booking from
another actor (Lessor) to achieve this goal, creating a social dependency. The
analyst models these strategic definitions as shown in Figure 4.5.

Problem: The GoBIS (Ruiz, Costal, et al., 2015) technique allows mapping
social dependencies among actors into communicative interactions; however,
strategic concepts that are not directly related to interactions among actors are
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Figure 4.5: Organisational model in i* showing concepts that are mappable and non-
mappable to business process models using GoBIS.

not mapped into any business process concepts in CA. As detailed in Figure 4.5,
the Agent’s goal will not be mapped into the business process model, and the
analyst must manually keep track of the constraint "booking confirmation in
less than 12 hours" when designing the business process. On the other hand,
since the organisational structure is only modelled at the organisational level,
the information on these concepts will be lost.

Explanation: When using i* for representing the actor’s goals for an infor-
mation system, the transformation technique helps connect the actor’s goals
with the business processes that support them. However, when using i* for
organisational modelling, extending the transformation to cover other relevant
information besides the actor’s goals is needed.

Implications: The analyst may be ignoring relevant organisational defini-
tions, hindering the strategic alignment of business processes. For example,
the goal "booking confirmed in less than 12 hours" sets requirements for at
least three communicative events or tasks in the business process model. First,
it is necessary to register the date and hour of the reservation and then register
the date and hour of the confirmation. Finally, it is necessary to report this
information to the Sales Department. These requirements also have effects on
the design of the information system.

Rationale: This is a transformation coverage issue since there are elements
in the source metamodel that are not being mapped to the target metamodel.
Concerning organisational structure, the target of a "participates-in" relation-
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ship in i* could be mapped as an organisational unit in CA since this concept
already exists in the CA metamodel (Espana, 2011). In other notations, such
as Business Process Model Notation (BPMN) (Rosing et al., 2015), the i*
relationship could be mapped as the label of a pool group, where each pool
represents an actor that belongs to the unit. Concerning goals and strategies,
the CA metamodel allows specifying the goal of communicative events as an
attribute of the Communication Event Template. It would be possible to map
the i* intentional elements into a textual format to guide the analyst when de-
signing the business process. Similarly, i* goals could be mapped to BPMN’s
process documentation since BPMN metamodel supports this attribute. This
issue hinders the traceability of strategic information and its practical automa-
tion.

Challenge: Challenge 3 - Transform organisational structure and goals into
business process concepts.

Case 4: Effects on the business logic of the business process model

Mechanism experiment: The Agency defines as part of the strategy that
the online renting service and all the associated services must provide maxi-
mum customer satisfaction. As part of the online renting service, the analyst
must model the process to attend to reimbursement claims by the Lessor. In
Figure 4.6.(A), the customer satisfaction is not considered, and the Lessor’s
claim is assessed first and then compensated, while in Figure 4.6(B), the claim
is immediately compensated and then assessed.

Problem: Unless the assessment of the claim is extremely fast, the model
in Figure 4.6.(A) will be misaligned with the organisational goal of customer
satisfaction.

Explanation: There is no concept in i* to represent a strategic behavioural
statement that could favour the traceability and practical automation of busi-
ness process flow decisions from organisational-level definitions.

Implications: There is a risk of designing business processes with logic not
aligned with the organisational goals.

Rationale: In other organisational modelling frameworks, such as the Busi-
ness Motivation Model (BMM), there is the concept of directives that can be
business policies or business rules, both of which can be traceable to business
process elements in BPMN (Rosing et al., 2015). Including a behavioural con-
cept at the organisational level that could be mapped to the business process
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Claims Analyst

Without guidance from strategic behavior statement “The customer is always right”

Figure 4.6: Two different business process designs with and without taking into account
the customer satisfaction goal.

flow could help design strategically aligned business processes. This is an in-
formation loss problem and an improvement opportunity for traceability and
practical automation. There is also an opportunity to improve practical au-
tomation by encapsulating business process patterns (Fellmann et al., 2020) or
interaction patterns (Ruiz, Espana, et al., 2013) in these strategic behavioural
statements. Including behavioural concepts at the strategic level would allow
taking advantage of the existing pattern repositories, analysis techniques, and
methods (Ramos-Merino et al., 2019).

Challenge: Challenge 4: Define a strategic behavioural concept to guide the
design of business processes.

Case 5: Effects on the structure of the business process model

This case aims to show that losing information about organisational structure
and goals generates coupling process elements that should belong to indepen-
dent business processes.

Mechanism experiment: When defining the organisational goal of offer-
ing an online renting service, the agency also requires training for the Agents
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to use the online renting platform and an advertising campaign for the new
service. For the first process, the agency depends on the Human Resources
Department, specifically on the Chief of Human Resources; for the second, the
agency depends on the Marketing Department, specifically on the Marketing
Executive. The analyst models these definitions as shown in Figure 4.7 (the
departments have been omitted for simplicity). Considering the transforma-
tion of social dependencies into parts of the business process, the agency’s
dependency on the Chief of Human Resources and the Marketing Executive
will lead to two separate business process elements. Whether these process
elements belong to the same business process model or not must be decided
by the analyst.

- —— — — — — — -

Offer online
renting
arvicE

Chief of
Human
Resources

Marketing
Executive

Advertise online
service

Real Estate
Agency

Train Agents for

Training online service Simplify booking
requirements confirmation
~ process P

A strategic goal impacts three different business processes

Interaction among actors from different business processes will be mapped into a
single business process diagram

Figure 4.7: The refinement of a single goal can impact several business processes.

Problem: Three problems can arise when automatically transforming social
dependencies of an organisational model into business process elements: (1)
merging elements from different business processes, (2) mapping unnecessary
process elements, and (3) spreading elements in different processes that are
meant to be in the same re-engineered business process.

Concerning the first point, the dependencies with the Chief of Human Re-
sources and the Marketing Executive displayed in Figure 4.7 could motivate
the re-engineering of the training and advertisement processes (in addition to
the re-engineering of the renting process). In this case, three different processes
need to be modelled, and the elements generated by the transformation must
be distributed according to the organisational structure of the dependencies.
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For the second point, it could be the case that the Agency needs the training
and advertisement processes to be performed in the same way as usual, thus
not requiring changes to the existing business processes. In this case, it would
be wrong to automatically transform these dependencies into elements for de-
signing the new business process model. For the third point, consider that all
the dependencies in Figure 4.7 have the same source goal. As discussed in the
social context of this research in Section 1.3, organisational alignment tends
to group business processes around business outcomes. Knowing that a set
of dependencies belongs to the same organisational goal would help group the
automatically generated process elements in the same business process model.

Explanation: The current transformation technique does not consider in-
formation about the context of a social dependency (e.g., the organisational
structure or source organisational goal) that could help to group the generated
process elements into different business process models.

Implications: In practice, this means making the analyst responsible for
manually organising the automatically generated portions of business process
elements into different diagrams without providing guidance to identify sep-
arate business processes and sub-processes. To better assist the analyst in
the transformation, the current transformation technique must be extended to
identify the source grouping concept at the organisational level and map it as
a grouping concept for business process elements. Also, the technique can con-
sider identifying if an organisational goal or strategy affects the current design
of business processes.

Rationale: This is an information loss issue, as the mapping between ele-
ments could be misplaced and hinder traceability and practical automation. In
other organisational modelling approaches (BMM (The Object Management
Group, 2015; The Open Group, 2018)), it is possible to connect concepts that
describe strategic courses of action with the affected business processes. In i*,
there is no way to connect goals with the affected business processes or group
the actors and concepts of the same business process. The transformation
technique could be extended to identify organisational-level actions that affect
business processes. Since a CA model can have several diagrams (Espana,
2011) to support modularity (Estrada et al., 2006), the transformation could
be extended to define the target view in the business process model.

Challenge: Challenge 5 - Organise the transformed business process elements
using the strategic organisational context.
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4.4 Expert analysis

Mechanism experiments allow identifying possible explanations for the mod-
elling issues found, which we named challenges. However, there are two threats
to the validity of these challenges. First, the modelling issues might not be
relevant in achieving traceability and practical automation in MDD. Second,
the modelling issues could be already solved by other methods or techniques
different from or complementary to those examined in the analysis.

To mitigate these threats, we surveyed three experts on the modelling methods
presented in Section 2.6. These experts have worked with i*, Communication
Analysis (CA), and the OO-Method (OOM) for at least five years. They are
researchers from Utrecht University (Netherlands), Zurich University of Ap-
plied Sciences (Switzerland), and Universidad de Castilla la Mancha (Spain),
respectively. They have no relationship with the contributions of this paper.

We described each challenge with the same examples similar to those presented
in the previous section and we asked the questions detailed below.

1. From 1 to 10, what is the importance of the modelling issue? Comment.
2. From 1 to 10, what is the frequency of the modelling issue? Comment.

3. Do you know of any initiatives that mitigate the modelling issue? If not,
could you suggest any ideas? (yes/no)

4. To tackle this issue, do you prefer a method that is a supported systematic
approach or a free, manual approach? (S: systematic, NS: not systematic,
D: depends)

Table 4.1 presents the data collected from the survey. In Figure 4.8, we present
the importance and frequency addition of each challenge. We comment on the
main findings below.

Challenge 1: Provide a modelling procedure to avoid overlapping
organisational and business process modelling levels. While experts
agree that guidance for avoiding overlapping is necessary, there is no consensus
about its importance. Expert 2 gave the maximum rating to importance. The
other two experts (who gave a rating of medium importance) agreed that
separated models make it easy to maintain the whole model and help to avoid
inconsistencies among models. Expert 3 stated that “it is important to keep
a link between goals and business processes”. However, Expert 1 noted that
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Table 4.1: Data from expert evaluation of challenges.

Challenge Expert Ql Q2 Q3 Q4

Challenge 1 Expert 1 5 2 no S
Expert 2 10 8 mno S
Expert 3 4 2 yes S
Challenge 2 Expert 1 8 4 no S
Expert 2 10 10 no S
Expert 3 7 9 yes S
Challenge 3 Expert 1 7 7 no NS
Expert 2 10 10 no NS
Expert 3 4 7 yes S
Challenge 4 Expert 1 8 4 no NS
Expert 2 0 0 no NS
Expert 3 1 1 yes NS
Challenge 5 Expert 1 6 5 no S
Expert 2 10 10 no S
Expert 3 6 3 no S

o °°° ° °
e . “ . .

Ch1 Ch2 Ch3 Ch4 Chs

Figure 4.8: Summary of the analysis scope and cases.

“avoiding overlap, the transformation of process models from goal models is
difficult”.
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Concerning the frequency of the problem, while Expert 2 gives a high rating to
mixing goals and detailed tasks when modelling in i*, Experts 1 and 3 find it
unusual. This contradiction could be due to the small size of academic projects.
Finally, about existing initiatives to solve the problem, Expert 3 provided a
reference to a proposal of a combination of different modelling methods (Vara,
Sanchez, and Pastor, 2013), but at the same modelling levels: Maps (Rolland,
2007) and BPMN (Rosing et al., 2015), where the difference among levels is
more clearly stated.

Challenge 2: Define organisational-level constructs that are valuable
for representing strategic information. This challenge was the most sup-
ported by the experts of all of the other challenges. They all agreed on the
need for systematic support to define organisational-level concepts and rated
it as very important and frequent. Expert 3 commented that "Different people
can make very different models of the same phenomenon under study due to
the lack of specific and homogeneous guidelines to follow.". Concerning current
initiatives that could bridge this challenge, Expert 3 provided references to the
work of Professors Joao Araujo and Jaelson Castro, from Universidade Nova
de Lisboa and Universidade Federal de Pernambuco, respectively.

We reviewed the work by professors Araujo and Castro on a systematic review
of i* extensions (Gongalves et al., 2018). A catalogue of i* extensions was
developed based on the study’s results’. A total of 24 concepts in the organ-
isation//business process category were found, some of which are important
for modelling strategic definitions (Marosin, Van Zee, and Ghanavati, 2016).
However, language constructs which are appropriate for describing business
strategies, such as strategy, tactic, and objective, are not present among these
extensions. The work by Kitsios et al. (Kitsios and Kamariotou, 2019) also re-
views strategy concepts in goal and enterprise architecture languages, including
i* in the review. The findings show that some strategy concepts not included
in i* are included in ArchiMate (The Open Group, 2013) or in Business Moti-
vation Model (The Object Management Group, 2015) frameworks. However,
these frameworks are much more extensive and complex than i*, lacking i*’s
social approach to model actors’ inner goals and strategies. On the other hand,
no modelling procedures were found to ensure the consistent representation of
organisational goals and strategies regarding requirements engineering.

Challenge 3: Transform organisational structure and goals into busi-
ness process concepts. There was no consensus about supporting this chal-
lenge. Experts 1 and 2 agreed on the importance of the problem but dis-

Lhttp://istarextensions.cin.ufpe.br/catalogue/
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regarded automatic transformation in favour of the analyst being principally
responsible. Moreover, Expert 2 indicates that "Traceability could be created
using partial automatic transformations along with additional information pro-
vided by the analyst.". Experts agreed on the problem’s high frequency and
that, to their knowledge, there is no solution for this issue. The experts did
not provide references to existing initiatives addressing this challenge.

Challenge 4: Define a strategic behavioural concept to guide the
design of business processes. This was the least supported topic by the
experts. The experts agree that there is no need to add behavioural elements
to i*, and Experts 2 and 3 gave the lowest importance and frequency to the
modelling issue. Regarding the existing initiatives for tackling this challenge,
even though experts 1 and 2 commented on the existence of i* extensions for
including process flow definitions, no specific works or authors were mentioned.

Challenge 5: Organise the generated business process elements using
the strategic organisational context. All three experts supported this
challenge; however, Expert 2 stated that the solution could be combined with
a manual approach similar to Challenge 2. Expert 1 stated "What I would
propose s that the traceability is generated automatically, but I think that the
modularity of business processes must be determined by the analyst”. While
the experts did not provide references about existing works to overcome this
challenge, Expert 1 commented "I think that a good way to solve this challenge
could be joint modelling of i* and processes. .

From the above findings, we present three improvement goals for the base-
line MDD method for software development to address the challenges most
supported by the experts.

e Improvement goal 1 - Use a specific modelling language and
procedure for business strategy and organisational structure: At
the organisational modelling level, the modelling language must precisely
focus on strategy elements and must have a modelling procedure that
prevents from having several levels of refinement for strategic actions to
keep a higher level of granularity than business process elements. This
improvement goal addresses Challenge 1 and Challenge 2.

e Improvement goal 2 - Use organisational models information to
design modular business processes. For the transformation from or-
ganisational models to business process models, there is a need for an inte-
gration method (e.g., a transformation, verification, or analysis method)
to use the information about the organisational structure and the high-

100



4.4 Expert analysis

level organisational goals to design modularised business processes. This
recommendation addresses Challenge 3 and Challenge 5.

The above improvement goals drive the design activities of this research. The

improvement goal 1 yield to the design of LiteStrat, presented in Chapter 5,
and the improvement goal 2, to designing Stra2Bis, detailed in Chapter 6.
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4.5 Summary

102

Chapter 4: Baseline method analysis

This chapter presented the analysis the challenges of the baseline
model-driven software production method for including organisa-
tional information on business strategy and organisational structure,

addressing (KQ2).

We analysed the baseline MDD method through a set of mechanism
experiments to test whether the current method supports modelling
and preserving organisational information.

We identified five challenges for the baseline MDD methods’ goal
modelling method (i*) and transformation technique (GoBIS) to
model and preserve organisational information.

Three experts in the baseline MDD method reviewed the analysis
results and supported four out of the five challenges. Two improve-
ment goals to address the supported challenge were distilled after
the expert review.

The first improvement goal is using a specific modelling language
and procedure for business strategy and organisational structure in
order to avoid overlapping between the organisational and business
process modelling levels (Challenge 1) with constructs which are
meaningful for the organisational domain (Challenge 2).

The second improvement goal is using organisational model infor-
mation to design modular business processes in order to exploit
the organisational structure hierarchies and dependencies (Challenge
3) and avoid coupling independent business processes into a single
model (Challenge 5).
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Chapter 5

Design of an organisational
modelling method

5.1 Motivation

The baseline MDD method considers i* to model social actors’ goals and GoBis
to map this information into the business process modelling level. However,
in Chapter 4, we identified challenges for the existing methods to represent
business strategy and organisational structure and to preserve the information
relevant to the alignment approach of Software Organisations (SO). In this
chapter, we address the first improvement opportunity that such challenges
set to the baseline MDD method: Use a specific modelling language and pro-
cedure for business strategy and organisational structure. We follow the design
science (DS) methodology as the research method and the situational method
engineering (SME) approach as the design method for creating a novel organ-
isational modelling method, as described in Section 1.5.

Following the design science methodology (Wieringa, 2014), it is necessary to
revisit the context of the artefact to be designed. The social context presents
the domain knowledge relevant to enabling the strategic alignment approach
of software organisations. The knowledge context discusses the model-driven
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development context for the new method. From the design methodology per-
spective, the social and knowledge contexts set the basis for applying Situ-
ational Method Engineering (SME) (Henderson-Sellers, Ralyté, et al., 2014)
to assemble the organisational modelling method. The requirements for the
method come from the need to enable an engineering practice, the SO’s strate-
gic alignment approach, presented in the knowledge context. The method base
from which the new method is assembled comprises the methods presented in
the knowledge context.

This chapter presents the design of the LiteStrat method, which addresses the
design problem of how to model organisational information relevant for strate-
gic alignment (DP1). In Section 5.2, the social context from which the method
requirements are elicited is presented. Section 5.3 presents the design of how
the domain conceptualisation defined in Section 3.3 will be represented in the
modelling method. Section 5.4 describes the requirements for the design of
LiteStrat. In Section 5.5, we detail how the selection and assembly of method
chunks from the method base, while Section 5.6 presents an application exam-
ple. The implementation of a tool for supporting the method is described in
Section 5.7, and finally, Section 5.8 summarises the chapter.

5.2 Social context for the organisational modelling method

5.2.1 Strategic alignment in software organisations

The social context for the new method is the adoption of the existing model-
driven development method by software organisations. As reviewed in Chap-
ter 2, software organisations have a strategic alignment approach where in-
stead of analysing the goals of different actors across different departments or
areas in the organisation, they focus on designing an organisational structure
aligned with the strategic goals, forming independent and self-sufficient teams
(Highsmith, Luu, and Robinson, 2019; Forsgren, Humbpotifle, and Kim, 2018;
Scaled Agile, INC, 2021).
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5.2.2 Effects of Software Organisation’s alignment approach in
software development

The approach of software organisations to strategy and organisational struc-
ture affects software development in the organisation of multidisciplinary, au-
tonomous teams' (Highsmith, Luu, and Robinson, 2019) and, more important,
in the design of software components and services. Each team takes full re-
sponsibility for a part of the business domain. Through modelling techniques
such as Domain-Driven Design (E. Evans and E. J. Evans, 2004), the busi-
ness domain model is split into sub-domains, and the interfaces between them
are defined. The teams offer their part of the business domain as-a-service to
other teams (Skelton and Pais, 2019). In this way, modularising the organ-
isation units and the software components around business outcomes aligns
business strategy with architecture.

In the above context, a model-driven development method that enables strate-
gic alignment must include the organisational domain knowledge regarding
business strategy and the organisational structure defined to implement the
strategy. Below, we discuss these domain elements, while their relationship
with the strategic alignment of information systems is discussed in Chapter 6.

5.2.3 Business strategy in Software Organisations

Strategy, as defined by classic management literature, encompasses various
aspects, such as the organisation’s plan to achieve business goals, specific
ploys to exploit situations, market positioning, stakeholder perspectives, and
patterns of action (Mintzberg, 1987). Existing frameworks for agile organi-
sations, including those by Holbeche (Holbeche, 2018), Highsmith, Luu and
Robinson (Highsmith, Luu, and Robinson, 2019), and the Scaled Agile Frame-
work (Scaled Agile, INC, 2021), emphasise defining business goals and cor-
responding courses of action. These frameworks advocate setting high-level,
customer-focused goals and then breaking them down into measurable objec-
tives and key results, aligning with an outside-in perspective and adaptive
strategy. For instance, Google’s OKR model (Doerr, 2018) and the EDGE
framework by Thoughtworks (Highsmith, Luu, and Robinson, 2019) propose
similar approaches, focusing on measurable key results and targets for achiev-
ing high-level goals.

A distinctive feature of software organisations is their ability to continuously
adapt their strategic direction, considering it a crucial success factor (High-

Lhttps: //www.thoughtworks.com /insights/articles /demystifying-conways-law

107



Chapter 5. Design of an organisational modelling method

smith, Luu, and Robinson, 2019). Unlike traditional organisations, software
organisations can swiftly modify their business strategy and organisational
structure, sometimes on a quarterly basis (Aghina et al., 2017). Despite the dy-
namic nature of agile strategy, the frameworks align with the classic definition
of business strategy as a plan by Mintzberg (Mintzberg, 1987). However, they
stand out for promoting a lightweight strategic planning approach, contrast-
ing with traditional heavyweight processes. An illustration of this lightweight
approach is the GOST framework (Horwath, 2014), which outlines high-level
goals and strategies and more detailed objectives and tactics as two distinct
levels within the organisational pursuit of its ends.

5.2.4 Organisational structure in software organisations

On the other hand, organisation structure deals with the configuration of indi-
viduals and groups for allocating tasks, responsibilities, and authority within
the organisation (Lunenburg, 2012). Different frameworks for software or-
ganisations propose a decentralised, matrix structure, where the basic unit
of organisation is a team (which can have different names in different frame-
works such as squad (Atlassian, 2021) or agile release train (Scaled Agile, INC,
2021), which is a cross-functional organisation unit working towards a specific
business goal. The matrix structure is given by the fact that team members
are also part of groups according to their technical specialities to manage the
technical know-how. For instance, in the Spotify model (Atlassian, 2021), a
team (named squad) is responsible for the playlist feature of the product, while
the UI/UX specialist of the squad also belongs to the UI/UX chapter, which
groups UI/UX specialists across the squads.

Agile frameworks emphasise the importance of defining organisational structure
since it affects the architecture of the organisation’s software products. Fors-
gren et al. (Forsgren, Humbpotifle, and Kim, 2018) found that independent,
cross-disciplinary organisation units or teams yield loosely coupled systems,
which improve software development performance and scalability. Most of the
agile software development frameworks have adopted this approach (Scaled
Agile, INC, 2021; Larman and Vodde, 2016), which is based on the princi-
ple that organisations replicate their communication structure to everything
they design, following Conway’s Law (Conway, 1968; Fowler, 2022). Inverse
Conway Manoeuvre (Forsgren, Humbpotifle, and Kim, 2018; Fowler, 2022)
is an approach for evolving the organisational structure, so business architec-
ture matches the desired system architecture. A loosely-coupled organisation
structure design sets requirements for designing loosely-coupled business pro-
cesses and for the information systems that support them, which translates into
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greater maintainability, scalability, and a more efficient software development
delivery (Forsgren, Humbpotifle, and Kim, 2018).

5.2.5 Business strategy and organisational structure relationship

While the formal relationship between business strategy and organisational
structure is still a matter of study in management (Lunenburg, 2012), both
classic and agile approaches point to organisational structure following busi-
ness strategy; this is, the organisation is structured according to strategic
definitions. In traditional organisations, strategic planning and organisation
restructuring are long-time efforts and barely important to set requirements for
a specific software development endeavour. However, in software organisations,
business strategy is defined for the scope of a few months (Highsmith, Luu,
and Robinson, 2019) and drives organisational reconfiguration. Organisational
reconfiguration deals with adding, redeploying, recombining and divesting re-
sources and organisational units (Karim and Capron, 2016) to implement the
strategy. For instance, a software organisation could set a goal of reaching
more customers of a particular segment through a new feature in the software
product. The organisation should decide whether an existing team addresses
the feature or form a new one.

5.2.6 Design goals from the social context

We summarised and categorised the social context elements into four design
goals, presented in Table 5.1. These goals are specified in the method’s re-
quirements in Section 5.4.

5.3 Representation of the domain conceptualisation

The domain conceptualisations proposed in Section 3.3 provide the concepts to
unambiguously describe the information about business strategy and organisa-
tional structure in the context of the strategic scenario that drives a software
engineering endeavour. In order to design a modelling method which satisfies
the method goals previously described, the modelling language of the method
needs to commit to the domain conceptualisation. To achieve this, we follow
two steps. First, we scope the modelling language to the domain conceptual-
isations relevant to achieving the method requirements. Then, we group and
simplify the domain concepts to the smallest possible number of elements of
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Table 5.1: Design goals for the LiteStrat method.

Design Goal Description

DG1 Business strategy Support the organisational ends and the
as a plan means to achieve them

DG2 Outside-In  ap- Support modelling the external elements
proach affecting the organisation as the trigger of

the business strategy

DG3 Organisational Support modelling the organisational
structure configu- units and roles according to the strategy
ration and the desired system architecture

DG4 Lightweight Support modelling the above elements
approach with lightweight techniques and a minimal

set of constructs

the modelling language, provided that the concepts can still be unambiguously
identified in the model.

5.3.1 Scoping the modelling language

We scope the modelling language to the domain conceptualisations presented
in Section 3.3: strategic scenario, organisational ends and means, and organi-
sational structure.

e Strategic Scenario: A model produced by the method represents a
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strategic scenario, as a configuration of intentional moments of agents.

Particularly, between the external influence of agents on the organisation,
the internal influences among the organisational units, and the reaction
influence from the organisation towards agents outside the organisation.

The model does not explicitly represent the value proposition, as it is

considered the emergent meaning of the strategic scenario. Also, the
organisational commitments (organisational purpose and organisational

units’ purpose) are stable definitions (i.e., changing them will transform

the organisation into a different organisation), so we argue that it is not
needed to model them for a particular software development endeavour.

Ends and Means: A model produced by the method describes the
business plan to address the strategic scenario, in terms of goals and the
actions to achieve them. Particularly, describes the organisational goals,
organisational objectives, the strategic actions, and the tactical actions.
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With regard to the links between the concepts, a model produced by
the method considers that an organisational goal is operationalised by a
strategic action, a strategic action is decomposed into tactical actions,
and a tactical action contributes to an organisational objective.

e Organisational Structure: A model produced by the method describes
the organisation and its organisation units and the organisational roles
allocated to them which are relevant for the strategic scenario. Regarding
the links between the concepts, an organisational unit delegation supports
the hierarchical relationship between the organisation and an organisation
unit. On the other hand, connecting an organisational with an organi-
sational unit requires several concepts of the domain: an organisational
unit can be the allocation unit for the organisational unit assignment of
an organisational unit member performing an organisational role.

5.3.2  Grouping and simplifying

For the strategic scenario, we propose grouping External influence, Internal
Influence, and Reaction Influence into a unique modelling language element,
influence. We group these concepts since the combination of the connected
concepts and the direction of the relationship unambiguously describe external
influence (from an actor to the organisation), internal influence (from an or-
ganisational unit to another organisational unit), and creation influence (from
the organisation to an external agent.

For the ends and means concepts, we propose grouping the operationalised by,
decomposed into, and contributes to links into a single type of link, namely a
refinement. We chose this name based on existing goal modelling frameworks
that connect goals and tasks (or actions) refinement links. It is possible to
unambiguously determine the link type based on the items that the refinement
connects. An organisational role refined into a strategic action represents an
operationalised by link, a strategic action refined into a tactic action represents
a decomposed into, and a tactic action refined into an organisational objective
represents a contributes to link.

For the organisational structure, we merged the organisation and organisation
unit into a single concept, the organisation unit. Besides reducing the number
of concepts, we argue that this would allow the analysis of an organisational
unit as if it were an independent organisation in a strategic scenario with its
own action plans and internal structure. The organisation could still be iden-
tified in the model as the organisation unit that does not belong to another
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organisation unit. Regarding the relationships, we grouped the organisational
unit delegations and the allocation of a role to an organisational unit as a
single language construct, the assignment. It is possible to unambiguously dis-
tinguish the delegation from the unit allocation by following the edges of the
links: organisational units assigned to other organisational units represent del-
egations, while organisational roles assigned to organisational units represent
allocations.

The resulting domain concepts to be represented by the modelling method are
agent, organisation unit, organisational goal, organisational objective, strate-
gic action, andtactic action. The relationships are influence, refinement and
assignment.

5.3.3 Knowledge context for the organisational modelling method:
Method base

The knowledge context for designing the required organisational modelling
method regards conceptual modelling frameworks that include the organisa-
tional domain in their conceptualisations. From the knowledge context dis-
cussed in the previous section, we focus on representing the organisational
domain knowledge regarding business strategy as a plan, this is, the organisa-
tional goals and the means to achieve them, and the organisational structure.

As reviewed in Chapter 2, enterprise architecture frameworks such as Zach-
man’s framework (Zachman, 1987), TOGAF (The Open Group, 2018), ARIS
(Santos Jr, Almeida, and G. Guizzardi, 2010), ArchiMAte (The Open Group,
2022a), and the Business Motivation Model (BMM) (The Object Management
Group, 2015) have conceptualised most of the organisational domain informa-
tion which is relevant for aligning information systems with business strategy.
For applying the Situational Method Engineering (SME) (Henderson-Sellers,
Ralyté, et al., 2014) approach to design LiteStrat, we consider ArchiMate as
the first source method, in particular the strategy and motivation, and business
structure elements. Since version 2.1, ArchiMate has included motivation and
strategy elements inspired by the Business Motivation Model (BMM).

However, as will be reviewed in the next subsections, BMM provides different
abstraction elements for the organisational ends and means, which matches
the need to break down the ends as means, as required by the social context
presented in the previous section. Based on this, we also take into account
BMM as a source modelling method. The third source modelling method is
i*, in particular iStar 2.0 (Dalpiaz, Franch, and Horkoff, 2016), since it is the

112



5.3 Representation of the domain conceptualisation

current method for addressing organisational elements in the existing model-
driven development method. Below, we analyse the three modelling methods
from the perspective of who they aim to represent business strategy (as a plan)
and the organisational structure.

ArchiMate

The most recent versions of ArchiMate (The Open Group, 2022a) have ex-
tended the representation of the business layer by adding business strategy
elements, having separated elements to describe the organisational ends and
means. On the one hand, ArchiMate’s Motivation Elements, depicted in Fig-
ure 5.1, support describing the organisational ends. The goal concept describes
high-level statements of intent, direction, or desired end state for an organi-
sation., while outcomes represent a result, effect, or consequence of a certain
state of affairs which are tangible, possibly quantitative, and time-related.

On the other hand, the means to achieve the strategy are included in Archi-
Mate’s Strategy Layer (The Open Group, 2022d) addresses the concept of
course of action as approach or plan for configuring some capabilities and
resources of the enterprise, undertaken to achieve a goal. The value stream
concept represents a sequence of activities that create an overall result. The
metamodel of ArchiMate’s strategy layer is presented in Figure 5.2.

The relationship between the strategy layer and the motivation layer is depicted
in Figure 5.3: strategy’s courses of action realises motivation’s outcomes, which
at the same time realise the organisation stakeholders’ goals.

On the other hand, regarding organisation structure, ArchiMate does not pro-
vide a layer or a set of elements under this concept. Still, in ArchiMate’s
business layer, the inner structural elements are specified (The Open Group,
2022b), as shown in Figure 5.4. As can be seen, business role and business
actors are represented, as well as business collaborations where two or more
structure elements work together. Please note that business collaborations
specify time-limited collaborations, while more stable associations such as de-
partments, areas or development teams are meant to be modelled as business
actors (The Open Group, 2022b).
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Figure 5.1: Metamodel for ArchiMate’s motivation elements from (The Open Group,
2022¢)

The Business Motivation Model

Unlike ArchiMate, the Business Motivation Model (BMM) modelling concepts
are not split into layers. Figure Figure 5.5 presents BMM metamodel. Regard-
ing the business strategy and planning concepts, two main concepts specifically
address the organisational ends and means.

The ends concept is specialised into wision, concerning the long-term ends
of the organisation, and into the more specific concept desired results, which
in turn is specialised into the goal concept and the objective concept. While
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Figure 5.2: Metamodel for ArchiMate’s strategy layer (from (The Open Group, 2022d))
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Figure 5.3: Metamodel for the relationship between ArchiMate’s strategy layer and moti-
vation elements (The Open Group, 2022d)

the goal concept matches the definitions in ArchiMate’s motivation elements,
objectives should always be time-targeted and measurable (The Object Man-
agement Group, 2015).

The means concept is specialised into the mission, directive, and course of
action concepts. Mission represents the long-term definition of what the or-
ganisation does, while directives support specifying business rules and business
policies. On the other hand, Courses of Action supports the achievement of
the desired results and is specialised into the strategy and tactic concepts.
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Figure 5.4: Metamodel for internal structural business elements in ArchiMate’s (The Open
Group, 2022b)

Strategy is a high-level definition of a course of action, representing what the
organisation considers the right approach to achieve its goals. In turn, the
tactic concept details strategies and channel efforts towards objectives. BMM
does not conceptualise concepts related to material or informational elements
to implement the courses of action, though it references assets and resources
as placeholders; this is, belong to other conceptualisations but are related to
BMM.

Regarding organisational structure, the Business Motivation Model specifica-
tion version 3.1 also identifies the organisation unit concept as external to
BMM, since it was meant to be addressed by the Object Management Group’s
Organization Structure Metamodel?. However, the specification uses them as a
placeholder for parts of the organisation to which the strategic plans are linked.
The specification also acknowledges that an organisation’s inner organisation
units can affect other units (The Object Management Group, 2015). No fur-
ther definitions regarding other elements of the organisation structure (such as
roles) are provided.

A relevant aspect of BMM is that, unlike i* and ArchiMate, it presents a
modelling procedure, which, under the SME approach, refers to the process
perspective. In Figure 5.6, the modelling process for BMM is depicted. Please
note that the process describes an outside-in perspective to strategy, similar
to the one adopted by software organisations. For this approach, external
entities on the organisation’s strategy are modelled as influencers, which could
be internal or external, being requlations a specific type of the latter.

?https://www.omg.org/cgi-bin/doc?bmi/09-08-02
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i* (iStar 2.0)

Finally, i* metamodel for its most recent version, iStar v2.0 (Dalpiaz, Franch,
and Horkoff, 2016) is depicted in Figure 5.7.
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Figure 5.7: Metamodel for iStar (from (Dalpiaz, Franch, and Horkoff, 2016))
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Regarding business strategy ends and means, i* provides four intentional that
can have been applied in organisational modelling. Concerning organisational
ends, goals represent a state of affairs that the actor wants to achieve, with
clear-cut criteria of achievement (Dalpiaz, Franch, and Horkoff, 2016), which
is similar to the definition in ArchiMate and BMM. No more specific concepts
like BMM'’s objectives or ArchiMate’s outcomes are provided. Regarding the
organisational ends, tasks are actions to be executed, usually towards achieving
a goal, while resources are physical or informational entities required to perform
a task. A fourth element that can be associated with the organisational ends or
means (goals or tasks) are qualities, which regard attributes for which an actor
requires specific levels of achievement. However, unlike BMM’s objectives,
quality levels are not necessarily expressed quantitatively. The goals and tasks
can be refined from high level to more specific elements.

Concerning the organisational structure, i* presents three types of social ac-
tors. Actors are entities aiming to achieve goals through their know-how and
collaborating with other actors. There are two types of actors: Roles, which
characterises a behaviour in a specific context, and Agents, an actor with con-
crete manifestations. Agents are usually employed for modelling organisations
and organisation units. The participates-in relationship supports representing
the organisational structure in terms of agents participating in other agents
and roles participating in agents.

Finally, the dependencies between the social actors represents how actors col-
laborate to achieve their goals.

Summary of concepts in the method base

Table 5.2 summarises the available concepts for expressing business strategy’s
ends and means and the organisational structure. It is worth noting that
ArchiMate and BMM present concepts with different abstraction levels for
representing the organisational ends: goals and outcomes in ArchiMate, goals
and objectives in BMM; in turn, i* only defines goals. Similarly, for the or-
ganisational means related to actions, ArchiMate offers the course of action
and value stream concepts, BMM has strategy and tactic. At the same time,
i* has only the task concept. ArchiMate and i* include the elements needed
to perform the actions (resources, capability), while BMM considers them out
of the scope of the definition of the business strategy.

Regarding the approaches to model business strategy, just the one by BMM
provides a modelling procedure which reflects the outside-in perspective of
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software organisations. Finally, regarding organisation structure, ArchiMate
lacks a specific concept to model organisation units, though the business actor
concept is recommended since business collaboration has a limited time scope
(The Open Group, 2022b). On the other hand, BMM does not include or-
ganisational structure in its concepts, though it acknowledges the relationship
between the definitions of organisation units acting as influencers of business
strategy. Finally, i* offers a complete approach to represent organisation units
(modelled as agents) and roles. However, the concept agent could also be
applied to several other real-world entities besides organisation units.

Table 5.2: Summary of business strategy and organisational structure concepts and ap-
proaches from the source methods.

Business Strategy

Ends Means Strategic Organisational
Approach Structure

- business role, business

ArchiMate goal, out- course of action,

come value stream; ca- actor, business collabo-
pability, resource ration
BMM goal, ob- strategy, tactic outside-in influencing  organisa-
jective tion
iStar goal task, resource - agent, role

5.4 Method Requirements

From the social context’s design goals, we specify the requirements for the
organisational modelling method. In Figure 5.8, we present the requirements
map (Rolland, 2007), following the SME methodology (Henderson-Sellers, Ra-
lyté, et al., 2014). The requirements are specified under the following rationale:
the intentions of the method, depicted as ellipses, regard conceptual modelling
of business strategy and organisational structure knowledge. The strategies to
achieve the method’s intentions, depicted as arrows, regard business strategy
techniques to analyse the domain.

The method starts with the external actor analysis strategy, which aims to
identify the external actors affecting the organisation. This permits achieving
the first intention of the method, which is external influence modelling, which
aims to represent the information needed to describe what is happening in
the organisation’s environment and what business goals are affected. This
intention addresses an outside-in approach to strategy, addressing the design
goal DG3 from Table 5.1.
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Figure 5.8: Requirements for the organisational modelling method.

Then, a threats and opportunities assessment must be performed so the busi-
ness strategy to react to external elements can be defined. Strategy modelling
regards representing the strategic actions that can be decomposed into more
specific levels through refinement; also and jointly deals with representing the
organisational structure that will deploy the strategy, which is achieved by
the organisational configuration strategy. This intention addresses modelling
business strategy as a plan and jointly considers the organisational structure
needed to deploy the strategy, managing the design goals DG1 and DG2 from
Table 5.1.

The responsibility assignment strategy allows identifying who is responsible
for achieving specific results of the strategy, which are represented in the Roles
& responsibilities modelling intention. This intention also supports modelling
business strategy and organisational structure in its more detailed elements
(objectives and roles), also realising DG1 and DG2 from Table 5.1.

Finally, the method should support reaction modelling to represent how the
organisation is supposed to affect its environment once the strategy is imple-
mented. This is achieved by the business outcomes analysis strategy. Similarly,
the new dependencies in the organisational structure must be identified, which
is achieved by the strategy organisation structure dependencies analysis. The
application of the method finishes with an integrity validation to ensure the or-

121



Chapter 5. Design of an organisational modelling method

ganisational model is complete and correct. This intention closes the outside-in
approach to strategy, addressing the design goal DG3.

Regarding the design goal DG4 concerning the lightweight approach of the
method, it is addressed by selecting the bare minimum number of method
chunks to satisfy the method’s requirements.

5.5 Selection and assembly of method chunks

In order to fulfil the modelling intentions of the requirements map in Figure 5.8,
we carefully selected concepts from the existing modelling methods presented
in Section 5.3.3. It is worth noting that we are considering each concept in the
current modelling methods as a method chunk since it autonomously defines a
product (a piece of information of the modelled domain) and how to produce it
(how to model it). We apply the SME approach of assembly by integration; this
is, we connect overlapping concepts between the existing modelling methods
to form a new one.

Next, we present the rationale behind the method chunk (i.e., concepts) selec-
tion and then the assembled method from the product and process perspective.
The assembled method is named LiteStrat, being lite and strat short and in-
formal names for lightweight and strategy from software and gaming domains,
respectively.

5.5.1 Method chunks selection

For each of the intentions in the requirements map of the method depicted in
Figure 5.8, we selected a set of concepts from the source methods presented
in Section 5.3.3: i* (Yu, 2011b), ArchiMate (The Open Group, 2013) and
Business Motivation Model (BMM) (The Object Management Group, 2015).

The External influence modelling intention addresses modelling entities outside
the organisation that affect the organisation. We selected the actor concept,
which is common to i* and Archimate, for representing entities in the organi-
sation’s environment. The effect of actors over the organisation is represented
by an influence relationship, which is found in Archimate and BMM. The or-
ganisation itself is represented by the concept organisation unit, which is not
explicitly defined in any of the source methods. ArchiMate states that the
actor concept could serve this purpose (The Open Group, 2013), while i*’s
actors and agents have been used for it (Yu, 1995); on the other hand, BMM
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specification (The Object Management Group, 2015) references organisation
units as a concept from organisational structure model by OMG which was not
officially released. Given the ontological relevance of the organisation unit con-
cept (Santos Jr, Almeida, and G. Guizzardi, 2013), we opted to differentiate
it from i* and ArchiMate’s actors.

For the Strategy modelling intention, we selected the four concepts from BMM,
as they provide different abstraction levels for desired results (goals and the
more specific (objectives) and courses of action (strategies and tactics), which
matches the GOST approach to define a strategic plan (Horwath, 2014). Also,
BMM explicitly states that these specifications are meant to be realised by
business processes, providing an integration point suitable for a model-driven
context. These features are not present in the other referenced frameworks.
We considered i*’s refinement relationship to connect more abstract elements
with more specific ones.

For the Role & responsibility modelling intention, we aimed to represent the
assignment of the strategy elements (previously modelled) to organisational
actors. For representing organisational actors, we reuse the organisation unit
concept and select the role concept, shared by ArchiMate and i*. To connect
the strategy elements with the organisational actors, we selected the assign-
ment relationship from ArchiMate, in a similar way as i* actor’s inner inten-
tional elements are assigned.

Finally, for the Reaction modelling intention, we aimed to represent the effects
of the organisation on its environment and the effects between the inner or-
ganisation units. We reuse the actor concept to represent the external entities
affected by the organisation and the influence relationship to connect them.
Similarly, we use the influence relationship to connect organisation units to
represent the effects among them.

5.5.2 LiteStrat’s product perspective

The assembly of the concepts selected from the existing modelling methods is
presented in Figure 5.9, in the form of the method’s metamodel. In Table 5.3
and Table 5.4, we describe the concepts and relationships, respectively. For
each of them, we present the source method from which they were selected and
the proposed notation.

The proposed notation is mostly based on i*. Actors and roles preserve the
i* notation, while we use i*’s agent notation for organisation units. We also
keep the notation for goals, while for more specific objectives, we use the same
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symbol, adding vertical lines to state the difference. For strategies, we use i*’s
notation for tasks and add two straight vertical lines for tactics. Please note
that we acknowledge the importance of designing a user-centred notation since
it is a factor affecting the method’s understandability (Lindland, Sindre, and
Solvberg, 1994); however, this research problem is outside the scope of this

thesis.
. assignedOUs
influencedOUs 0 influencingOUs

0.r |o.r 0.*
influencingActors
Influence OrganisationalUnit

*

influencedActors .
0.* assignedRoles
influencedoui

0.” infuencingOUs
0.*

i strategyRefinement
Refinement gy Goal
1.* 0.*

assignedGoals

1 | sourceRefn

tacticRefinement Strategy
1.* 0

assignedStrategies

1 | sourceRefn
objectiveRefineme - |
Z Tactic
1.. | 0.+
1 1 sourceRefn  assignedTactics
| Objective l
| 1.-

assignedObjectives

Figure 5.9: LiteStrat metamodel.

5.5.3 LiteStrat’s process perspective

Following the SME approach, we detail the guidelines for assembling the con-
cepts selected in the previous section. As described in Section 1.5, we present
the procedure in terms of three types of guidelines: Intention Selection Guide-
line (ISG), Strategy Selection Guideline (SSG), and Intention Achievement
Guideline (IAG). Please note that IAGs are actually conceptual modelling
guidelines, while ISG and SSG guidelines refer to analysis techniques from the
business strategy domain, which enable analysts to collect and determine what
domain information must be modelled.
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Constructs

Table 5.3: Constructs of the LiteStrat method.

Domain
Concept

Definition

Source Notation

Method

Goal

Objective

Strategy

Tactic

Organisation
Unit

Role

Actor

Organisational
goal

Organisational
objective

Strategic  ac-
tion

Tactical action

Organisation
unit

Organisational
role

Agent

A statement about a
state or condition of
the organisation to
be achieved by ap-
propriate strategies.

A statement of an
attainable, time-
targeted, and mea-
surable target that
the enterprise seeks
to meet to achieve
its goals.

Represents a high-
level action towards
the achievement of a
goal.

Represents more con-
crete actions towards
the implementation
of a strategy.
Represents a group of
social actors working
together to achieve a
goal. It could rep-
resent the organisa-
tion under analysis
and its sub-units.
Represents abstrac-
tions of well-defined
behaviors in the or-
ganisational context.

Represents  entities
that are external
to the organisation
and whose behaviour
affects or is affected
by the organisation.

BMM,

ArchiMate,
i*

D

BMM

BMM,
ArchiMate

BMM

ArchiMate,
i*

S
)
v,

ArchiMate,

O
ArchiMate,

O
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Table 5.4: Relationships of the LiteStrat method.

Relationships Domain

Concept

Definition

Source
Method

Notation

Refinement

Assignment

Influence

Refinement

Organisational
unit assign-
ment

Influence

Is a hierarchical
relationship that
represents that the
source intentional
element is opera-
tionalised or made
more concrete by
the target element
(strategy, tactic, or
objective).

Is a structural rela-
tionship that repre-
sents the allocation
of responsibility, the
performance of be-
haviour, or execu-
tion.

Is a dependency
relationship that
describes an action
or behaviour of the
source element (ac-
tor or organisation
unit) that affects the
goals of the target
element (an actor or
organisation unit).

i*

Archimate

Archimate

@I
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In Table 5.5, we present LiteStrat’s IAGs following the structure recommended
by SME (Henderson-Sellers and Ralyté, 2010) in terms of an ID for the guide-
line, the section describing the source intention, the target intention, and the
strategy, and the guideline description. We added a fourth column to specify
the product elements added by achieving each intention in terms of LiteStrat’s
metamodel concepts presented in the previous section.

In Table 5.6, we present the intention selection guidelines (ISG), which guide
the method’s users to choose how to move from one intention of the method
to the next.

Finally, in Table 5.7, we define the strategy selection guidelines (SSGs), which
guide the method’s users to choose between the IAGs in Table 5.5 for moving
from one intention to the chosen according to the ISG in Table 5.6.

127



Chapter 5. Design of an organisational modelling method

Table 5.5: Intention achievement guidelines for the LiteStrat method.

ID Section Guideline description Related Prod-

ucts

TAG1  <Start, External This guideline proposes to identify actor, organisation
influence modelling, actors who are external to the or- unit, influence
external actor analy- ganisation and whose influence af-
518> fects the organisation’s goals.

TAG2 <External influence This guideline proposes to iden- goal, strategy, re-
modelling, Strategy tify the goals that the organisation finement
modelling, threats wants to meet under the influence
and opportunities  of the external influence and to re-
assessment > fine them into strategies to achieve

them.

TAG3  <Strategy modelling, This guideline proposes to refine tactic, strategy, re-
Strategy modelling, the strategies into more specific tac-  finement
refinement > tics and goals into measurable ob-

jectives related to such tactics.

TAG4  <Strategy modelling, This guideline proposes to identify, organisation unit,
Strategy modelling, add, merge or split the organisa- assignment
organisational config-  tional units needed to deploy the
uration> strategy and assign them tactics

and objectives.

TAG5  <Strategy mod- This guideline proposes to identify role, assignment
elling, Roles & or define new organisational roles
responsibilities mod-  that will be responsible for achiev-
elling, responsibility ing or tracking the achievement of
asstgnment > the objectives, and assign those ob-

jectives to the corresponding roles.

IAG6 <Roles & respon- This guideline proposes to iden- actor, influence
sibilities modelling, tify the actors in the organisation’s
Reaction Modelling, environment that are expected to
business outcome be influenced by the outcomes of
analysis> the strategy. Also, other actors in

the organisation’s environment that
could influence the strategy’s suc-
cessful implementation are identi-
fied.

TAG7 <Reaction Mod- This guideline proposes to iden- influence
elling, Reaction tify how the tactics implemented
Modelling, organ- by each organisation unit influence
isational  structure other organisation units.
dependency  analy-
515>

TAG8 <Reaction Mod- This guideline proposes to check if Intention selection
elling, Stop, integrity the modelling elements have been and strategy selec-
validation> correctly assembled according to tion guidelines.

the metamodel and the modelling
guidelines.
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5.5 Selection and assembly of method chunks

Table 5.6: LiteStrat’s intention selection guidelines.

ID Intention Guideline Description
ISG1 Ip: Start Progress to intention I;: External Influence modelling if the
following preconditions are satisfied:
- At least one actor offering a business opportunity or threat
for the organisation’s goals has been identified.
- The opportunity or threat affects the organisation’s soft-
ware products.
ISG2 I;:  External Progress to intention Ip: Strategy modelling if the following
Influence preconditions are satisfied:
modelling - At least one organisational goal has been set in the context
of the influence of the actors in the organisation’s environ-
ment.
ISG3 Io:  Strategy Progress to intention Is: Roles € Responsibilities modelling
modelling if the following preconditions are satisfied:
- At least one strategy has been defined for achieving each
goal.
- At least one tactic has been defined to implement each
strategy.
- At least one objective has been defined for each tactic.
- All the tactics and objectives have been assigned to at least
one organisation unit.
ISG3 Is: Roles & Progress to intention I;: Reaction modelling if the following
Responsibili- preconditions are satisfied:
ties modelling - All the objectives have been assigned to a role.
ISG4 I4s:  Reaction Progress to intention I5: Stop if one of the following precon-

modelling

ditions is satisfied:

- At least one actor in the organisation’s environment meant
to be influenced by the strategy are modelled.

- All the influences among the organisation units are mod-
elled.
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Table 5.7: LiteStrat’s strategy selection guidelines.

ID <Source intention, target in- Guideline description
tention>

SSG1 <Start, External influence mod- Select IAGLI if there is a strategic scenario
elling> to be assessed which could affect the or-

ganisation’s software product(s)

SSG2 <External influence modelling, Select IAG2 if the actor(s) and influence(s)
Strategy modelling> over the organisation have been modelled.
<Strategy modelling, Strategy Select IAG3 if the goals and strategies have

SSG3 .
modelling> been modelled.

Select TAG4 if the tactics and objectives
have been modelled.

SSG4 <Strategy modelling, Roles & re- Select TAG5 if the organisation units have
sponsibilities modelling> been modelled and tactics and objectives

have been assigned to them.

SSG5H <Roles & responsibilities mod- Select IAG®H if the roles for the organisation
elling, Reaction modelling> units have been modelled and objectives

have been assigned to them.

SSG6 <Reaction modelling, Reaction Select IAG7 if the influences of the organ-
modelling> isation towards the actors in the organisa-

tion’s environment have been modelled.

SSGT7 <Reaction modelling, Stop> Select IAGS if the influences among organ-

isation units have been modelled.
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5.6 Application example

We illustrate the application of LiteStrat through the Example 5.1, which
presents a business strategy scenario. The LiteStrat model representing the
scenario is depicted in Figure 5.10. Below, we describe how the IAGs were
applied to model the strategic scenario.

Example 5.1: Strategic scenario for S-Learn.

S-Learn is the leading company in online management courses. S-Learn
customers pay a fee for each course to get access to the full content of the
course. A new competitor, EManager, is offering completely free courses
that could affect S-Learn sales. S-Learn senior executives assessed that
the competitor’s free access is a threat to the organisation’s goals, but the
content quality of S-Learn is far superior and could mitigate the threat.
After this assessment, S-Learn executives decided that the company must
maintain the sales projections for the next quarter. (2) To do this, S-
Learn will offer free access to the full content of a course for 30 days
when a registered user enrols a course. After 30 days, the customers can
pay for the course to keep accessing it for an unlimited time. (3) This
definition requires the Courses Squad (a multidisciplinary organisation
unit specialised in producing and delivering courses) to adapt the online
enrolment process and improve the security of the learning platform. The
UX Designer must ensure that the enrolment process takes 5 minutes on
average, and the Content Producer must ensure that 80% of the produced
content implements DRM protection. (4) As a high drop-off is expected,
the Sales area must increase the enrolment by 200%.

Ezxternal influence modelling. By applying the guideline TAG1, the fol-
lowing elements are modelled: an actor (EManager), the organisation under
analysis (S-Learn), and the influence (free courses).

Strategy modelling. From the application of TAG2, an organisational goal
under external influence is defined (maintain sales projection for the next quar-
ter). The strategy to achieve this goal is also modelled (offer a 30-day trial).
Following the TAG3 guideline, the strategy’s tactics are defined (improve the
enrolment process, improve the content protection and sales process), and ob-
jectives are modelled for each tactic (enrolment in 5 minutes and DRM for
80% of content an enrolment increased by 200%, respectively). Following the
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Figure 5.10: LiteStrat application example.

IAG4 guideline, the organisation units implementing the strategy are identified
(Courses Squad and Sales department), and tactics are assigned to them.

Roles € responsibilities modelling. The application of IAGH results in
modelling the organisational roles for each organisation unit (UX Designer,
Content Producer for the Contents Squad, and Sales Person for the Sales de-
partment), and objectives are assigned to them.
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Reaction modelling. Following TAG6, the expected influence of the strategy
and the target actors are modelled (free trial offer for Customers). The appli-
cation of TAG7 results in modelling the influences between the organisational
units; this is, the new enrolment feature produced by the Contents Squad influ-
ences the Sales department). Finally, integrity checking is performed according
to TAGS.

5.7 Tool support

The tool support for the LiteStrat method is conceptually based on the ADOxx
meta’model introduced in (Karagiannis et al., 2016). The metamodel is imple-
mented by the ADOxx development toolkit (OMiLAB, 2023a). We adapted
LiteStrat’s conceptual metamodel (Figure 5.9) to the specific LiteStrat meta-
model for ADOxx, presented in Figure 5.11.

0." )
Influence -« Influencer
0.*
«metametamodel» is-inside
D_aggregation |0 * \
Actor OrganisationalUnit Role |
0.* L ]
«metametamodel» is-insid
D_container v o [SNSIdE
«metametamodels -
Relation -
«metametamodel»
R | Gow |
AN 0.* is-inside

0.*

) Strategy 0.* is-inside

Refinement IntentionalElement <

1 | sourceRefn |1 Tactic |
0.” is-inside
—| Objective | 1. is-inside

Figure 5.11: LiteStrat metamodel adaptation for its implementation in ADOxx.

133



Chapter 5. Design of an organisational modelling method

The ADOxx meta?model classes from which the LiteStrat constructs inherit
are coloured in pale blue and stereotyped as metametamodel in Fig. Fig-
ure 5.11. As ADOxx Relation class only allows to defining a single construct
as the source of the relation and another construct as the target of the relation,
the implementation of the Influence and Refinement relations of the original
LiteStrat metamodel needs specific adaptations. Hence, we introduced two
main abstractions: the IntentionalElement abstraction, which generalises the
goal, strategy, tactic, and objective constructs to allow them to be related by
the same relation class (Refinement), and the Influencer abstraction, to group
the actor and organisational unit constructs, and to allow them to relate using
the relationship (Influence). Both abstractions are coloured in yellow and are
considered abstract classes, as they have no graphical representations in the
prototype.

The adaptation of the LiteStrat metamodel allows the simplification of the
prototype from the perspective of the end-user; otherwise, it would be needed
to have different arrows to connect goals to strategies, strategies to tactics and
tactics to goals, as well as to connect actors to organisation units, organisa-
tion units to actors, and organisation units among them. We implemented
a "Validate Model" menu option using ADOxx scripting features to support
TAGS regarding checking the integrity constraints of the model. The integrity
constraints validated by the tool are detailed in Table 5.8.

In Figure 5.12, we present a screenshot of the LiteStrat Supporting Tool pro-
totype. This prototype is publicly available on the ADOxx Developer Com-
munity website (OMiLAB, 2023b).
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LiteStrat - example
£ LiteStrat - new

|

Figure 5.12: Screenshot from the LiteStrat supporting tool.
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Table 5.8: LiteStrat’s integrity constraints

ID Integrity Constraint

IC1 The model must have at least one actor influencing an organisation unit.

I1C2 At least one organisation unit must have one or more associated goals.

1C3 At least one organisation unit must have one or more associated strategies.

IC4 At least one organisation unit must have one or more tactics inside.

IC5 Tactics can not be inside an organisation unit that is not inside another
organisation unit.

1C6 Roles can not be inside an organisation unit that is not inside another
organisation unit.

(04 At least one organisation unit must have one or more roles inside.

IC8 At least one organisation unit must be inside another organisation unit.

IC9 The model must have at least one actor being influenced by an organisation
unit.

IC10 Goals must not be refined from other elements and must be refined only
by strategies.

IC11 Strategies must only be refinements of goals and be only refined by tactics.

1C12 Tactics must only be refinements of strategies and be only refined by ob-
jectives.

1C13 Objectives must only be refinements of tactics and can not be refined.

1C14 Strategies, tactics, and objectives must be refined for other elements.

1C15 Actors can not have elements inside of them nor be inside another element.

1C16 All Actors must be influenced by some organisational unit or influence an
organisational unit.

IC17 Actors can not be influenced by other actors or influence other actors.

1C18 All roles must have at least one objective.

1C19 All objectives must be assigned to roles.

I1C20 Roles can only contain objectives.
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5.8 Summary

Chapter 5: Design of an organisational modelling method

e In this chapter, we presented the design of LiteStrat, addressing the
design problem of how to model organisational information relevant
for strategic alignment (DP1).

e We discussed the organisational domain information relevant to the
software organisation’s strategic alignment approach as the social
context for LiteStrat.

o We reviewed the knowledge context for the new method in terms of
the existing modelling methods for organisational modelling: i*, as
the current organisational modelling method of the existing model-
driven development method; ArchiMate, as the most comprehen-
sive enterprise modelling framework, and Business Motivation Model
(BMM), which inspired the inclusion of business motivation and
strategy elements into ArchiMate’s version 3.0.

e From the social context, we extracted design goals for represent-
ing organisational domain information and specified the method re-
quirements to fulfil such goals. We designed LiteStrat by selecting
concepts of the method base and providing the guidelines for their
assembly.

e To assess the feasibility of implementing the modelling method, we
implemented a supporting tool using the ADOxx development en-
vironment. We adapted LiteStrat’s metamodel to the conceptual
architecture of the environment. The developed tool supports ap-
plying the modelling method and checking its integrity constraints.
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Chapter 6

Design of a method for
modelling strategically aligned
business processes

6.1 Motivation

This chapter presents the design of a method for addressing the second im-
provement goal for the baseline MDD method identified in Chapter 4. This
improvement goal regards using organisational model information to design
modular business processes. To achieve this, we designed a method that fol-
lows up LiteStrat toward achieving alignment between business strategy and
business processes.

Stra2Bis (a short name for Strategy-to-Business) is a situational business pro-
cess modelling method that assembles two methods: LiteStrat, for modelling
business strategy, as presented in the previous chapter, and Communication
Analysis (Espana, Gonzalez, and Pastor, 2009), the business process modelling
method of the existing model-driven development method. As for LiteStrat’s
design, we adopt the Design Science (Wieringa, 2014) research methodology
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and Situational Method Engineering (Henderson-Sellers, Ralyté, et al., 2014)
(SME) as the design method.

From a design science perspective, Stra2Bis and LiteStrat share the same mo-
tivation from the social context: to include organisational information on busi-
ness strategy and organisational structure in the software development process
as software organisations do. Regarding the knowledge context, Stra2Bis fo-
cuses on aligning business strategy and business processes, which has been
broadly studied in model-driven engineering research. In the rest of the sec-
tion, we elicit the design goals from the social context, review the knowledge
context regarding model-driven initiatives for strategic alignment, and Com-
munication Analysis characteristics that enable its integration as a method
part for designing Stra2Bis.

This chapter presents the design of Stra2Bis, addressing the design problem
of integrating organisational information into the baseline model-driven soft-
ware production method (DP2). In Section 6.2, we present the social and
knowledge context for the method. Section 6.3 details the requirements for
the method, while Section 6.4 describes the selection and assembly of method
chunks from the method base. Section 6.5 shows an example of the application
of Stra2Bis. In Section 6.6, we present the application of a focus group with
software engineering professionals as an exploratory evaluation of the proposal.
Section 6.7 describes the tool for supporting the method, and finally Section 6.8
summarises the chapter.

6.2 Social and knowledge context for the method

Strat2Bis has the same social context as LiteStrat, detailed in Section 5.1.
From the social context, we propose four design goals, presented in Table 6.1.
These goals are specified in the method’s requirements in Section 6.3.

6.2.1 Knowledge context for the business process modelling
method: strategic alignment

A particular concern in model-driven research is the alignment with high-level
business definitions, namely strategic alignment. Model-driven initiatives for
strategic alignment aim to address concerns which are specific to informa-
tion systems development, such as assessing the effect on the organisational
goals of supporting particular business process activities (R. Guizzardi and
Reis, 2015), assessing whether business processes set requirements for collect-
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Table 6.1: Design goals for the Stra2Bis method.

Design Goal Description

DG1 Business strategy Include business strategy elements that mo-
modelling tivate the software development endeavour

DG2 Organisational Align the business process design with the or-
structure  map- ganisational structure configuration that will
ping enable the business strategy

DG3 Inform strategy Include business process activities to report
performance the status of the business strategy implemen-

tation.

ing data to verify the achievement of business goals (Kraiem et al., 2014), and
prioritise software development activities for the incremental development of
a software system (Insfran et al., 2017). This focus on specific software devel-
opment endeavours of model-driven approaches is different from the strategic
alignment perspective of enterprise architecture frameworks such as Zachman’s
framework (Zachman, 1987), TOGAF (The Open Group, 2018), ARIS (San-
tos Jr, Almeida, and G. Guizzardi, 2010), and ArchiMate (The Open Group,
2022¢), which aim to have a comprehensive view of the whole organisation’s
business and technology strategy. It is also different from business frameworks
such as Balanced Scorecards, which provide tools to track and measure the
organisation’s performance towards the strategic goals, or Strategy Maps that
help visualise the organisations’ strategic objectives and the cause-and-effect
relationships between them (Kaplan, 2009).

However, business knowledge is extensive, and different models must be used
jointly to represent it, such as business value (Gordijn and Akkermans, 2003),
processes (Rosing et al., 2015; Espana, Gonzalez, and Pastor, 2009; Buhr and
Casselman, 1995), goals (Yu, 2011a; Dardenne, Van Lamsweerde, and Fickas,
1993; Bresciani et al., 2004), and strategy (Rolland, 2007) models, among
many others. Having multiple models to represent business knowledge sets the
challenge of making them consistent with each other. In an MDA context, con-
sistency among CIM-level models is critical since missing or inconsistent busi-
ness information would produce information system models not aligned with
the business needs. Metamodel mapping techniques help to design consistent
models by defining model-to-model checking or transformation rules. Partic-
ularly, strategic alignment initiatives aim to align goal and business process
models to ensure the organisation’s operation is consistent with the business
goals. (Groner et al., 2014; R. Guizzardi and Reis, 2015; Sousa and Prado
Leite, 2014).
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We set a knowledge context similar to the strategic alignment initiatives that
traditionally have employed goal models to align business processes in two main
concerns: 1. They focus on alignment requirements for a specific software de-
velopment endeavour rather than aligning the whole organisation’s systems as
in enterprise architecture approaches, and 2. Rely on model-driven techniques
such as metamodel mappings to provide alignment.

Goal modelling languages have been used, for instance, to analyse whether
business process activities (modelled using BPMN) support organisational goals
(modelled with TROPOS) (R. Guizzardi and Reis, 2015), or to study how busi-
ness processes constraint business goals (modelled using KAOS)(Nagel, Gerth,
Engels, et al., 2013). The Goal-Oriented Requirements Language (GRL) has
been combined with Use Case Maps to model strategically aligned processes
in the last two decades (Amyot et al., 2022) and also to prioritise business pro-
cesses (Insfran et al., 2017). MAP models (that define goals and the strategies
to achieve them) have been mapped directly to the business processes elements
that operationalise them (Kraiem et al., 2014) and also served to analyse the
purpose behind the creation, modification, and deletion of business process
elements (Vara, Sanchez, and Pastor, 2008). I* models have been used for
transforming social dependencies into interactions at the process level (Ruiz,
Costal, et al., 2015), validating the consistency of the process interactions
(Groner et al., 2014), and checking whether the business processes have the
elements needed to collect information to verify the goal achievement (Sousa
and Prado Leite, 2014).

Besides goal modelling, other initiatives have combined frameworks addressing
business strategy concerns. Business plans (modelled in Business Motivation
Model (The Object Management Group, 2015)) have been used jointly with
i* to add intentionality to the process of enterprise architecture construction
(Yu, Strohmaier, and Deng, 2006). Business value models (modelled using
the e3Value method) have been used for generating performance requirements
for an enterprise architecture (Engelsman, Gordijn, et al., 2021). In (Berzisa,
Bravos, T. Gonzalez, et al., 2015), organisational capabilities, modelled at
the enterprise architecture level, are the starting point for the model-driven
development of context-adapting software systems.

The above initiatives show that integrating modelling methods is a powerful
tool for strategic alignment. These strategic alignment initiatives help business
analysts elicit requirements for a software development endeavour when having
multiple stakeholders with competing goals in complex organisations. However,
as presented in the social context in Section 1.3, the alignment problem is
focused on something other than stakeholders and their goals. In software
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organisations, the complexity is handled through reconfiguring the organisation
structure (Karim and Capron, 2016) into small independent organisation units
designed around business strategy. The above methods have arguably yet
to address this issue, as studied in Chapter 2, which is the gap covered by
Stra2Bis.

6.2.2 Communication analysis as a method part

Communication Analysis (CA) was initially introduced in (Espana, Gonzélez,
and Pastor, 2009). Later, it was integrated with the OO-Method in (Es-
pana, 2011). In the later work, CA’s platform independent metamodel was
introduced. The metamodel supports CA’s communicative events diagram
constructs, the specification of message structures, and the specification of
communicative events. Moreover, it introduced some organisational modelling
concepts that put business processes in the organisational context. Figure 6.1
presents an extract from CA’s metamodel, including organisational concepts
(in pale green) and the concepts related to communicative event diagrams (in
white).

From an SME perspective, the overlapping between the organisational mod-
elling constructs of CA’s metamodel and LiteStrat’s metamodel presents an
integration opportunity (Henderson-Sellers, Ralyté, et al., 2014). In Table 6.2,
we present the analysis of the overlapping concepts between CA and LiteStrat
and discuss their potential for methodological integration.

6.3 Method requirements

Stra2Bis’ requirements are inferred from the need to enable software organisa-
tions’ approach to software design in MDA-based software development meth-
ods. In Figure 6.2 presents the requirements map for the method.

The first intention is to model business strategy, which is achieved through mod-
elling the strategic scenario that drives the software development endeavour.
Stra2Bis considers LiteStrat as the method part for achieving this intention.
This intention addresses the design goal DGI.

Once the strategic scenario is modelled, the second intention is to model busi-
ness processes. This intention is achieved by a set of alignment-driven trans-
formations to generate an initial structure (namely scaffold) of the business
process model. The transformations aim to mirror the organisational struc-
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Figure 6.1: Organisational and communicative event diagram concepts from the Commu-
nication Analysis metamodel (from (Espana, 2011)).
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Figure 6.2: Stra2Bis requirements map.

ture and strategic objectives of the business strategy model to design business
processes. The transformations address design goals DG2 and DG3.

The scaffold is completed through existing business process modelling tech-
niques. In the context of the existing model-driven development method,
Stra2Bis assembles LiteStrat with Communication Analysis to exploit the ca-
pabilities of CA for generating the conceptual schema of the information system
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Table 6.2: Analysis of overlapping concepts between Communication Analysis (CA) and
LiteStrat (LS).

Overlapping Concepts Integration Analysis
CA.ORGANISATION_UNIT,
LS.ORGANISATION_UNIT

The concepts are the same; however, the rela-
tionships with other constructs reveal CA has the
CA.ORGANISATION concept for defining the organisa-
tion under analysis and the CA.ORGANISATION_MODULE
generalisation for both the organisation and its or-
ganisational units. On the other hand, LiteStrat
manages the organisation and its units through the
only concept of LS.ORGANISATON_UNIT. Besides the
differences, CA.ORGANISATION_UNIT is associated with
CA.PROCESS construct, which gives an integration point
for LS.ORGANISATION_UNIT and CA.PROCESS.

CA.ORGANISATIONAL_ROLE .
- > The concepts do not have the same name but might be

LS.ROLE equivalent since LiteStrat does not use the organisational
prefix for any of its concepts. CA.ORGANISATION_ROLE
is associated with CA.COMMUNICATIVE_ROLE construct,
which gives an integration point for LS.ROLE and
CA.COMMUNICATIVE_ROLE.

Egggii’ The name of the concepts is the same. CA.GOAL is

connected with CA.COMMUNICATIVE_EVENT so it might
provide an integration point for LS.GOAL. However,
it is not clear that CA.GOAL is closer to the opera-
tion than CA.OPERATIONALISATION, so we think that a
proper integration point could be LS.0BJECTIVE and
CA.COMMUNICATIVE_EVENT, since LiteStrat’s objectives
are closer to the operation than goals.

CA.STRATEGY,

LS . STRATEGY The name of the concepts is the same. However, the re-

lationship of CA.STRATEGY with CA.OPERATIONALISATION
with the role 0PERABLE_GOALS suggest it might be a more
concrete strategic action, similar to LS. TACTIC, though
it is not clear. Nevertheless, CA.STRATEGY is not con-
nected to any business process constructs, so it does not
provide a sound integration point.

(Espana, 2011), as presented in Chapter 1. However, Stra2Bis’ scope is limited
to generating the scaffold of business process models.
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6.4 Selection and assembly of method chunks

Unlike LiteStrat, which assembled concepts from existing modelling methods,
Stra2Bis assembles two full modelling methods: Litestrat and Communication
Analysis. Next, we present the rationale behind the assemble design and detail
the guidelines for assembling them from the product and process perspective.

6.4.1 Method chunks selection

The requirements presented in Figure 6.2 are addressed by assembling existing
methods. As presented in Chapter 5, the intention Model Business Strategy is
supported by LiteStrat. The intention Model Business Processes is supported
in the existing model-driven-method by Communication Analysis, as presented
in Chapter 1.

From an SME perspective, the assembly of LiteStrat and Communication Anal-
ysis follows an assembly-based approach by association strategy (Henderson-
Sellers, Ralyté, et al., 2014) since a new method is created by positioning the
existing method chunks and providing guidelines for their association. Stra2Bis
does not define new product elements for the existing method parts but integra-
tion guidelines. Next, we detail Stra2Bis’ process perspective, which details
the guidelines, and then the product perspective, detailing the relationships
between the metamodels of LiteStrat and Communication Analysis.

6.4.2 Stra2Bis’ process perspective

Stra2Bis’ process perspective addresses the guidelines to assemble the meth-
ods, particularly the set of alignment-driven transformation guidelines to go
from Model Business Strategy to Model Business Processes. The Intention
Achievement Guidelines (IAG) for the whole method are detailed in Table 6.3;
however, motivation, definition and effects of the transformation guidelines are
specified in the Definitions 6.1, 6.2, and 6.3,
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Definition 6.1: Guideline 1 - Organisation units’ independence

Design a single business process for each organisation unit.

Motivation: This guideline is based on the research by Forsgren et al.
(Forsgren, Humbpotifle, and Kim, 2018), who found that the coupling be-
tween teams has been reported as a hindering factor for efficient software
development. The problem addressed is that teams with multiple busi-
ness processes or business processes addressed by multiple teams increase
the need for communication and collaboration between teams, and, in
the same way, the software design replicates the coupling. The solution
proposed is to design processes that are as independent as possible for
each team.

Transformation description: For each organisation unit belonging to
the overall organisation in the business strategy model, create a new pro-
cess in the business process model. Add a start event with the unit’s
name to the new process to make the process visible in the model.

Effects on the business process model: Modelling a strategic sce-
nario helps the analysts to reflect on designing separate processes for
orders and delivery management. Failing to do this will traduce assigning
the business processes and supporting software components to an organ-
isational unit (i.e., development team) that will not be autonomous to
manage their requirements at the process level and thus to design and
evolve the information system. The generated elements in the business
process model reflect the ideal separation of processes. The analyst should
assess whether this separation is feasible considering the actual context
of the problem.
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Definition 6.2: Guideline 2 - Managed strategic dependencies

Design the interactions between business processes to manage the organi-
sation units’ strategic dependencies.

Motivation: This guideline is based on the need for managing and re-
ducing the dependencies among development teams to foster their au-
tonomy, which is a practice followed by operational models such as the
Spotify Model (Atlassian, 2021) and also contributes to the design of au-
tonomous teams (Forsgren, Humbpotifle, and Kim, 2018; Highsmith, Luu,
and Robinson, 2019). Another motivation is the Domain-Driven Design
approach (E. Evans and E. J. Evans, 2004), which states that the integra-
tion between different business contexts must be carefully designed at the
information system level. The problem addressed is that new strategic
scenarios could introduce new dependencies among units, which, if over-
looked, could hinder the efficiency of the software delivery. The solution
approach is to ensure that these dependencies are considered for designing
business processes.

Transformation description: For each influence dependency between
organisation units in the business strategy model, add events to the source
and target organisation units’ processes to handle the dependency. In the
source unit’s process, add an event to provide the information to satisfy
the dependency and a receiver actor representing the target organisation
units’ process. Similarly, add an event and a primary actor to the target
unit’s process to receive information about the dependency from an actor
representing the source organisation unit.

Effects on the business process: The strategic scenario helps the
analyst design the interface between the orders management area and
the delivery cell based on strategic criteria. Since the delivery cell is
affected by the requests of the order management area, the cell must
provide a well-defined way to manage these requests at the process level,
and the order management area must also consider this mechanism in its
process. Failing to do this could result in designing ad hoc interoperability
mechanisms at the process and system levels. The guideline assumes
that the information needed for the process interaction is already known;
otherwise, the analyst can add a primary actor to provide the required
information.
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Definition 6.3: Guideline 3 - Strategic objectives measurement:

Design business process elements to collect data to measure strategic ob-
jectives.

Motivation: This guideline is based on the practice of a shared measure-
ment of the success of strategic initiatives, which is enforced by frame-
works for digital transformation such as EDGE (Highsmith, Luu, and
Robinson, 2019) and Objectives and Key Results (OKR) (Doerr, 2018).
The problem addressed is to consider in advance requirements to measure
and share the status of strategic objectives in order to enable the assess-
ment and continuous adjustment of the business strategy. The solution
approach ensures that the strategic objectives are considered in business
process design.

Transformation description: For each business strategy objective, add
an event to their respective organisation unit’s process to collect informa-
tion about the objective’s status. Add a receiver actor following the name
of the objective’s role.

Effects of the business process: Mapping the strategic scenario helps
the analyst consider specifying requirements to measure consumer growth
and satisfaction with the delivery service. Failing to consider these re-
quirements may require adding them later on demand of top executives,
which may harm the system design and performance. Similarly to guide-
line 2, the transformation does not generate a primary actor to provide
the information. It will not be needed if the information is already in the
system; otherwise, the analyst can add a primary actor according to the
problem domain.

6.4.3 Stra2Bis’ product perspective

In Figure 6.3, we detail how the guidelines associate the metamodels of LiteS-
trat and Communication Analysis (CA). The relationships for Guidelines 1, 2,
and 3 are coloured in green, orange, and yellow, respectively.

Regarding Guideline 1, represented in green in Figure 6.3, LiteStrat’s organi-
sation unit concept is associated with the CA’s process abstract concept, with
the semantic intention of asserting that an organisational unit owns one busi-
ness process. LiteStrat’s organisation unit is also associated with CA’s Start
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in a 1-to-1 relationship, meaning the production of such modelling element, as
recommended by the guideline.

The associations introduced by Guideline 2, depicted in orange in Figure 6.3,
connect LiteStrat’s organisation unit as primary and receiver communicative
roles in CA. This means that organisation units which depend on each other
should engage in a communicative interaction to operationalise such depen-
dency. The dependency itself, a LiteStrat’s influence, is connected through a
communicative event in CA, which also implies defining incoming and outgoing
communicative interactions.

Finally, Guideline 3 introduces the associations depicted in yellow in Figure 6.3.
In this case, LiteStrat’s role, who has assigned an objective, is associated with
CA’s receiver communicative role since it is expected to be informed from
the status of such objective. LiteStrat’s objective is associated with a CA’s
communicative event to report the objective status and with a CA’s outgoing
communicative interaction to connect the event with the previously generated
receiver role.

Please note that none of the guidelines specifies are no connections with CA’s
message structures; however, it is expected that the method user specifies
message structures for the generated communicative interactions.
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Table 6.3: Intention achievement guidelines for the LiteStrat method.

ID Section Guideline description Related Prod-

ucts

TAG1 <Start, Model This guideline proposes to use business strategy
business strategy, LiteStrat to model business model
strategic scenario  strategy, which procedure fol-
modelling > lows the strategic scenario mod-

elling approach.

IAG2 < Model business this guideline proposes to Business  Process
strategy, Model perform three model-to-model Model (scaffold)
business  processes, transformations to generate the
alignment-driven scaffold of the business process
transformations> model. The input for the trans-

formation is a business strategy
model. The transformations are
specified in the Definition 6.1,
Definition 6.2, and Definition
6.3.

TAG3 <Model business  This guideline proposes to com- Business process
strategy, Model plete the business process mod- model
business processes, elling scaffold by using exist-
business process  ing business process modelling
modelling tech- techniques, in particular, follow-
niques> ing the Communication Analy-

sis method. The modeller must
consider the strategic scenario
represented in the business
strategy model for redesigning
the business processes.

IAG4 <Model business  This guideline proposes to con- Information system
processes, Model tinue with the existing model- model
the information sys- driven developing method by
tem, by systematic deriving the information system
derivation> model from the Communication

Analysis Model. The deriva-
tion must be performed follow-
ing the guidelines by Espafia in
(Espafia, 2011).

IAG5 <Model business This guideline proposes to -

processes, Stop, end
of use>

stop using the method after
business process modelling, so
other manual or automatic ap-
proaches can take as input the
strategically aligned business
process model.
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nication Analysis (CA stereotype) (Espana, 2011) metamodels.

152



6.5 Application example

6.5 Application example

To describe the application of Stra2Bis, we first present the current situation
of the organisation processes and systems, then the strategic scenario driving
the software development endeavour, and then the alignment-driven transfor-
mations for generating the business process model scaffold. We also discuss
the implications for the design of the information system.

6.5.1 Current situation

The current situation is described in the Example 6.1, and depicted in 6.4.
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Figure 6.4: Current situation models: A) Business process model. B) Class diagram of the

Information System.

153



Chapter 6. Design of a method for modelling strategically aligned business processes

Example 6.1: Current situation for F-FOOD

F-FOOD is a software-as-a-service company that allows consumers to
order food from restaurants, for pickup or for delivery. After the restau-
rant confirms an order, the delivery orders are scheduled to the closest
available courier. F-FOOD has grown exponentially since its founda-
tion, and most of its software development efforts have focused on mobile
applications. However, the back end is still a monolithic application. Fig-
ure 6.4.A depicts the current business process model, while Figure 6.4.B
shows the components of the information system.

6.5.2 Model business strategy

The strategic scenario is described in Example 6.2. We numbered the state-
ments in the strategic scenario according to their representation in the LiteS-
trat model, depicted in Figure 6.5.
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Figure 6.5: Business strategy model depicting the strategic scenario.

154



6.5 Application example

Example 6.2: Strategic scenario for F-FOOD

In the last quarter, the growth of consumers in F-FOOD (0) has decreased.
F-FOOD discovers that a new competitor, QUICKFOOD (1), has a bet-
ter order delivery service (2). Consumers claim that the F-FOOD app
lacks several features for delivery tracking and has a slow response when
placing delivery orders. F-FOOD discovers that the Order Management
Area (7) constantly gives a lower priority to new delivery features and
optimisations, favouring the order management functionality. F-FOOD
management has decided that consumer satisfaction with the delivery is
the top strategic goal for the next quarter (3). To achieve this goal, the
strategy is to decouple the delivery service as an independent service (4)
owned by a new cross-disciplinary team called Order Delivery Cell (8)
that is meant to release all the features demanded by the customers (6).
The Product Owner (11) will track the objective of increasing consumer
satisfaction with delivery by 80% (12). The Order Management Area will
have a leaner order processing, regardless of their delivery option (5) and
will depend on the Order Delivery Cell to deliver the orders (13). New
consumers are expected to increase by 20% (10), which will be tracked
by the Order Manager (9). The implementation of the strategy seeks to
offer an improved delivery service (14) for consumers (15).

6.5.3 Alignment-driven transformations

Next, we detail the application of each of the three guidelines, taking as input
the Litestrat model in Figure 6.5 in order to produce the business process
models depicted in Figure 6.6.

Guideline 1 - Organisation units’ independence:

In the business strategy model in Fig. Figure 6.5, Order Management Area and
the new Order Delivery Cell units originate the Order Management and De-
livery Management processes depicted as green start nodes in Figure 6.6. The
start nodes are named following the names of their respective organisational
units. The guideline proposes designing an independent business process for
the delivery service; otherwise, the new team would still be coupled to the Or-
der Management Area process. Although the example specifically regards the
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CCONSUMER

Figure 6.6: Business process model resulting from applying the alignment-driven transfor-
mation.

split of an existing unit, the guideline is also helpful in analysing the creation,
fusion, or hiring of external teams for tackling new business opportunities.

Guideline 2 - Managed strategic dependencies:

The influence relationship 16. Requests Delivery from the organisation unit Or-
der Management Area to the Order Delivery Cell in Figure 6.5 is mapped as
the events depicted in orange in Figure 6.6: an event to perform the influenc-
ing behaviour (16.Requests Delivery), and an event to address the influence
(DELO1-Handle Delivery Request). A new actor is introduced to handle the
dependency, representing the target organisation unit of the dependency (Or-
der Delivery Cell). The names of the events and actors follow the strategy
diagram, but the analyst can change them according to the domain informa-
tion.
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Guideline 3 - Strategic objectives measurement:

In the strategy diagram in Figure 6.5, the objectives 10.Consumer growth
greater than 20% of the organisation unit Order Management Area is mapped
to the event ORDO06.Report Consumer Growth in Figure 6.6, depicted in yel-
low. Similarly, the objective 12.Increase consumer satisfaction with delivery
by 80% is mapped to the DEL0G-Report Delivery Satisfaction event. In both
cases, the receiver actors are the roles assigned to the objectives in the strategy
diagram (Order Manager and Product Owner).

6.5.4 Effects on the PIM level in an MDA Context.

The guidelines are expected to affect the information system model at the PIM
level. Although the integration of the business process and the information
system models is not part of this work (but has already been proposed in
(Espana, 2011)), we exemplify in Figure 6.7 the effects of the guidelines on the
initial information system model presented in Figure 6.4.B.
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Figure 6.7: Re-designed class diagram for the information system model.

Regarding Guideline 1, since the two organisation units Order Management
Area and Order Delivery Cell had their separated business processes Order
Management and Order Delivery Management, the Delivery domain class and
services must be disentangled in a different component. Figure 6.7 shows the
components for both processes in green. The new component ff-deliver-service
supports the Order Delivery Process. Some services are removed from the ini-
tial order management components (see Figure 6.4.B). The changes mainly
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consist of removing the delivery-related services that were initially located in
the ff-courier-service, ff-order-service and ff-order-domain compo-
nents and moving them to the new ff-deliver-service component.

Regarding Guideline 2, the interaction between the processes is mapped as
an interface ff-deliver-service-api depicted in orange in Figure 6.7. The
interface is implemented by the component supporting the delivery process
ff-delivery-service. It allows the initial order management system to re-
quest the services that were moved to the new ff-delivery-service.

Finally, the effects of Guideline 3 are mapped into services and attributes to
update the values for the strategic objectives collected through the process.
As highlighted in yellow in Figure 6.7, the Order class has a new attribute
isNewConsumer to identify whether the order is from a new consumer. This
helps track the objective 10.Consumer growth greater than 20% objective ini-
tially defined in the strategy model in Figure 6.5. Similarly, the Delivery class
has the attribute satisfactionLevel of the objective 12.Increase consumer
satisfaction with delivery by 80%.

6.6 Exploratory evaluation

We conducted an exploratory evaluation through a focus group since this tech-
nique is suitable for the “nitial evaluation of potential solutions, based on the
practitioner or user feedback” (Kontio, Lehtola, and Bragge, 2004). The focus
group was carried out after the design of LiteStrat and before the formal defini-
tion and implementation of the Stra2Bis guidelines to validate their relevance
from the practitioners’ point of view.

The research question was, what information from the business strateqy model
1s valuable for designing business processes?. The goal is to find whether prac-
titioners’ insights and experience match the Stra2Bis guidelines in terms of the
information traceable from business strategy to business process and to the in-
formation system model. We wanted to contrast opinions from practitioners
working in traditional consulting service companies (CSC) and in Software-as-
a-Service companies (SaaS), whose main value offer is based on software. The
participants were five volunteers with a technical leader or scrum master role,
with between four and nine years of experience. Participants S1 and S3 work
in CSC, and participants S2, S4, and S5 work in SaaS company.

The activity had two parts of 30 minutes each. In the first part, we presented
the working example described in Example 6.1. Then, the current business pro-
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cess and system structure were presented through a CA communicative event
diagram and a UML class diagram, depicted in Figure 6.4.A and Figure 6.4.B
respectively.

From Figure 6.4 and asked, what information would be useful for redesigning
business processes and why?. The participants shared and agreed on a set of
statements that the moderator publicly wrote down. In the second part, we
presented the Stra2Bis guidelines and the models from Figure 6.6 and asked
the participants to comment on their usefulness and drawbacks. The analysis
method was based on pattern-matching (Kontio, Lehtola, and Bragge, 2004)
the participant’s ideas from the first part of the focus group with the guidelines
and then looking for explanations in the discussion of the second part.

Insights for Guideline 1: In the first part, the respondents did not identify
the organisation units as an important source of information for the business
process design. After seeing the redesigned process and the guideline 1, all the
participants agreed that independent units must have independent processes.
All respondents recalled difficulties when business processes and software code
of different units were entangled. Respondent S2, from a SaaS, stated that “it
1s important for us to have an independent business flow because each cell can
take the challenges and opportunities of their own process”.

Insights for Guideline 2: In the first part, all the respondents identified as
relevant the dependency among the organisation units. S1 and S2 agreed that
“the dependency must be clear in the business process flow”. All the participants
agreed on the value of the guideline for defining the dependency at the process
level. It is worth noting that respondents S1 and S3, from CSCs, claimed
that sometimes the flow interactions were not well defined by business people,
requiring “several meetings between teams to define the flow” (S1). On the other
hand, S2, from a SaaS, declared that her unit was “designed with a well-defined
contract with other organisation units” and never had this kind of problem.

Insights for Guideline 3: In the first part, just S1 identified as valuable the
objectives and linked them with OKR, one of the frameworks on which the
guideline is based on (Doerr, 2018). In the second part, all the respondents
valued measuring strategic objectives in the business process. Participants S4
and S5 commented “we have code written to measure the NPS™. However, for
the rest of the participants, the effect on the software product was different to
what we presented in Section 6.5.4. The participants stated that the measure-

INet Promoter Score, https://hbr.org/2003/12/the-one-number-you-need-to-grow
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ment for checking objectives is solved using external tools such as Hotjar? (for
measuring customer satisfaction) or Google Analytics.

6.7 Tool support

Similarly to LiteStrat, Stra2bis’ implementation is supported by ADOxx. We
modelled CA’s communicative event diagram concepts using ADOxx metamodel
(Karagiannis et al., 2016), as depicted in Figure 6.8.

As shown in the metamodel, this is a simplified version of CA that does not in-
clude specialised communicative events but an exclusive gateway to represent
specific preceded by the same event. The attributes shown for some metamodel
classes support the traceability links to LiteStrat constructs. The data type
of these attributes is INTERREF or Inter-Model Reference, which ADOxx
provides to connect elements between different models. We used inter-model
reference to trace the CA modelling elements to the LiteStrat modelling ele-
ments that generated them.

The inter-model reference attributes are defined as follows. For Guideline 1,
the CAStart. Objective attribute traces the start node of a process with the
organisational unit that owns such process. For Guideline 2, CAActor. Or-
ganisation UnitInDependency traces the Actor with the organisation unit which
generated it. For Guideline 3, CA Actor. ReportingRole and CAActor. Informe-
dOrganisationUnit trace the role that reports an objective’s status and the
organisation unit informed of such objective, while C'ACommunicativeEvent.
Objective traces the strategic objective for which the event reports its status.

Similarly, we updated LiteStrat’s metamodel to provide traceability, as de-
picted in Figure 6.9. Similarly, the inter-reference metamodel attributes pro-
vide traceability from the LiteStrat source elements to the elements generated
in the CA diagrams.

The inter-reference model attributes support the transformation guidelines as
follows. Guideline 1 is supported by OrganisatinalUnit. BusinessProcesses,
which connects the Organisational Unit to its owned business processes. Guide-
line 2 is supported by Organisatinal Unit.InDependencyFEvents and Organisati-
nalUnit. OutDependencyFvents that connect the organisational unit with the
communicative events on which they interact with other organisational units
which it depends on or depends on the organisational unit, respectively. Fi-

2https://www.hotjar.com/

160



6.7 Tool support

«metametamodel»
D_construct

L

CC. —1

«metametamodel»
Relation

‘ 1 0‘ ’

CANode| 4 .| P ingcl| | Outgoingci| 0. 1

CAActor

+OrganisationUnitinDependency

" . " +InformedOrganisationUnit
é \ 0. 0. 0. +ReportingRole
1 %

CAC
+Objective

SupportActor|

CAStart
+OwnerOrganisationUnit

CAEnd

CAEXxclusiveGateway|

Figure 6.8: Metamodel for Communication Analysis’ communicative event diagrams using
the ADOxx meta’model

nally, Guideline 3 is supported by Objective. CommunicativeEvent, to trace
the objective to the communicative event which reports its status.

We implemented the three transformation guidelines using ADOxx script?.
The implementation takes as input a LiteStrat diagram and generates the
scaffold of a business process modelled in Communicative Analysis, linking the
generated elements through the inter-reference model attributes. The imple-
mentation of the guidelines is detailed on Appendix A.2. In Figure 6.10 and
Figure 6.11, we depict an example of the automatic transformation where the
LiteStrat model in Figure 6.10 generates, among other constructs, the commu-
nicative interaction depicted in Figure 6.11. Following Guideline 3, an objec-
tive assigned to a role in LiteStrat is transformed into a communicative event
where the role reports the status to its organisation unit. The specification of
the modelling element shown in Figure 6.11 depicts a navigable inter-reference
model link to the LiteStrat so<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>