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ABSTRACT
There is a long history of using modelling and simulation (M&S) to investigate
complex systems. With advances in computing power and simulation frameworks,
we can now model and simulate increasingly complex systems, in particular socio-
technical systems, which has resulted in M&S becoming an essential technique to
aid decision-making. An often-overlooked activity within the design and develop-
ment of computational models for socio-technical systems, is the development of a
comprehensive conceptual model defining the scope of the model with respect to
actors, technical resources, environment and abstraction level. With specific refer-
ence to modelling large IT and IS implementations, this incurs the added challenges
of dealing with qualitative information relating to project scope and implementa-
tion processes, along with quantitative and qualitative information regarding the
social network of the project resources and emergent behaviours that result from
interactions between them. Our approach involves a Multi-Paradigm Hybrid Study
to develop a Cross-Disciplinary Hybrid Model of relationship conflict within an en-
terprise system implementation. We identify that Soft Systems Methodology, Social
Network Analysis, Unified Modelling Language are complementary approaches from
Operational Research, Social Sciences and Software Engineering, that provide a pow-
erful combination of techniques to develop hybrid conceptual models for subsequent
encoding into a simplified Agent-Based Model of complex socio-technical systems.

KEYWORDS
Agent-Based Modelling; Hybrid Conceptual Modelling; Relationship Conflict;
Social Network Analysis; Soft Systems Methodology; Unified Modelling Language

1. Introduction

We recently argued that conflict is inherent to the project-based approach for imple-
menting large information systems through multiple third-party providers (Williams,
2019). An example of such a system, is an enterprise system, which provides a suite of
applications that are fully integrated and enable an organisation to e�ciently run their
administrative functions (e.g. Human Resources, Payroll, Procurement, etc) through
preconfigured and standardised business processes. Within these project-based work-
ing environments, conflict can develop through frequent (or acute) di↵erences in opin-
ions/outlook and can also be characterised as incompatibilities between resources at
the interpersonal level (Boulding, 1963). Three forms of conflict have been found within
Information Technology (IT) and Information Systems (IS) project settings (Zornova,
Ripoll, & Peiro, 2002), relating to Task Conflict, Process Conflict, and Relationship
Conflict. The most damaging is relationship conflict, which is linked to significant dif-
ferences in demographics/characteristics between team members, or simply through
personality clashes.

The use of computational modelling techniques to investigate social systems has
advanced significantly over the past few decades, progressing from mere quantitative
data analysis to one that harnesses advanced computational techniques, allowing us to
model and simulate at the level of individual social actors (Williams, 2021). The pro-
gression of techniques has moved from mathematical approaches that rely on determin-
istic or stochastic equations, to computational ones, such as Agent-Based Modelling
and Simulation (ABMS), Discrete Event Simulation and System Dynamics. Alam &
Geller (2012) declare that unlike physical systems that can be definitively measured
and quantified, social systems are modelled descriptively and validated qualitatively,
meaning fieldwork is required to collect empirical data and evidence.

Social systems that form within project-based environments are complex, encom-
passing a range of properties and characteristics that emerge from interactions of the
individual project members with each other, with technologies that are being used,
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and with the organisational/management environment. The social system can there-
fore be considered as a social network of interactions/relationships that occur between
team members, with two main dimensions relating to time and physical space, which is
important because project teams are often located within a set of organisational loca-
tions. From previous work (Williams, 2021), we believe that ABMS is the most suitable
computational modelling paradigm for modelling organisational social systems, due to
its inherent ability to model the micro-to-macro mapping of the social system, with
the complex system-level behaviours emerging as a result of low-level interactions be-
tween the human agents. As with all models, Agent-Based Models (ABMs) provide
simplified views of real-world systems, and therefore require key design decisions to be
made on how real-world data is interpreted and translated, to ensure it can be used
for design and development of the ABM. In accordance with previous work (Williams,
2018), we contend that development of a comprehensive Conceptual Model is essential
to inspire faith in ABMs of complex systems.

It is timely, that conceptual modelling has once again become a topic of inter-
est within the Operational Research (OR) community in recent years, with special
consideration being applied to the processes and tools associated with developing con-
ceptual models for computational simulations. A number of these tools have come from
fields outside of hard OR, including: Soft Systems Methodology (SSM) from soft OR
(e.g. Kotiadis (2007)); Social Network Analysis (SNA) from Mathematics and Social
Sciences (e.g. Williams (2019)); and Unified Modelling Language (UML) from Com-
puter Science and Software Engineering (e.g. Vasilakis, Lecznarowicz & Lee (2009)).
Whereas the use of multiple techniques for development of computational models is
termed Hybrid Simulation (Mustafee & Powell, 2018), the use of multiple tools and
approaches for other parts of the simulation lifecycle (e.g. requirements analysis, model
design, validation, etc) is termed Hybrid Modelling (Powell & Mustafee, 2017; Tolk,
Harper & Mustafee, 2021). This manuscript provides an account of our experiences
in using SSM, SNA and UML to develop a hybrid conceptual model, alongside a
simplified ABMS (Tako, Tsioptsias & Robinson, 2020) of relationship conflict within
a large enterprise system implementation. Our approach, as defined by Mustafee &
Powell (2018), involves a Multi-Paradigm Hybrid Study, using the single computational
modelling Technique of ABMS, which provides a discrete time-stepped Method and is
developed using the FLAME package as the Tool (Coakley, Smallwood & Holcombe,
2006). Similarly, as we utilise both Soft (e.g. SSM) and Hard (e.g. ABMS) OR ap-
proaches, our study employs a Hybrid OR/MS Modelling approach, which Mustafee,
Harper & Onggo (2020) define as a Type D1 model. Furthermore, because our use of
SNA takes inspiration from the Mathematical and Social Sciences, this is defined as
a Cross-Disciplinary Hybrid Model, which corresponds to a Type E model (Mustafee,
Harper & Onggo, 2020).

The manuscript is structured accordingly: section 2 provides an overview of the
major concepts that contribute to the theory behind our study; section 3 discusses the
methods used; section 4 presents our modelling; and section 5 provides our discussion
and conclusions.

2. Related work

This section provides an overview of major concepts that contribute to theory behind
our study.
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2.1. Soft systems methodology

SSM was developed by Peter Checkland and colleagues in the 1970s (Checkland, 1981)
to provide a complementary Soft approach for OR in order to facilitate analysis of the
complex social and environmental factors in organisational settings. SSM has become
a leading method for investigating socio-technical problems within IS/IT due to its
integration of Human and Social factors of organisations (Cox & Kirkham, 2019).
SSM is used as a problem structuring method to develop the problem definition and
semi-formally define an abstracted model of the problem (Kotiadis & Robinson, 2008).
Checkland himself described SSM as an organised learning system that was specifically
developed to facilitate definition and deconstruction of complex and messy organisa-
tional problems (Checkland, 1999).

SSM allows analysts to investigate the problem situation through two main tools.
The first, is the Rich Picture, providing an informal diagrammatic representation of
the significant components of the problem and relationships to the wider organisa-
tional context. Rich pictures represent the major processes, technologies and human
actors, along with their relationships/interactions, and importantly the opinions of
these human actors (Checkland & Poulter, 2010). The second, is Analysis One, Two
and Three, representing Role Analysis, Social System Analysis, and Political System
Analysis. Additional tools include: Root Definition, which provides a formal definition
of the system; identification of the Transformation Process (T) of system input(s)
to output(s), which through observing the system from multiple perspectives, can
lead to development of interventions to eradicate organisational problem(s); and the
CATWOE mnemonic, which is used when developing the root definition and consists
of: C (Customers), A (Actors), T (Transformation process), W (Weltanschauung or
World-view), O (Ownership), and E (Environmental constraints).

2.2. Social network analysis

Social Network is a term used to describe a group of people and the links between
them (Scott, 2013). The academic investigation of social networks takes inspiration
from mathematical graph theory and is termed Social Network Analysis (SNA; (Scott,
2013)). Within a work-based social network, links between resources can represent
any type of social behaviour/interaction that arises in the workplace (Williams, 2019).
Traditionally, SNA has used quantitative approaches to perform structural analysis,
providing empirical measures, such as graphs and descriptive statistics on network
topology, for analysing the person-level data obtained through qualitative approaches.

When applied to enterprise system implementations, the wider programme-level so-
cial network is in fact a product of the individual project-level social networks. These
project teams are routinely focused on implementing one or more of the functional
modules within the enterprise system and consist of team members from across the
various organisations involved in the implementation (Williams, 2019). These work-
place social networks facilitate communication between resources, with the structure
of the network enabling the e↵ective and e�cient transmission of knowledge and in-
formation. It is therefore widely assumed that resources are not independent, but are
influenced by others within the network. With this in mind, Borgatti, Mehra, Brass
& Labianca (2009) postulate that the social network enables the flow of attitudes,
behaviours or emotions through either physical transfer, which in our case would be
face-to-face communication, or an imitative process through individual resources ac-
quiring the attitudes or emotional state(s) from others within their environment.
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2.3. Unified modelling language

Conceptual modelling provides an abstract representation of the real-world system of
interest, through documentation of our understanding, which may include statements
around the background context for the computational model, along with the definition
of assumptions, constraints, and indeed relationships and interactions between compo-
nents of the system (e.g. people, processes, technology). Along with SSM to provide the
background context and qualitative systems analysis, the Unified Modelling Language
(UML) provides a complementary approach to semi-formally document the required
functionality of the computational model, and has become the de facto standard for
modelling software systems by software engineers (Chaudron, Heijstek & Nugroho,
2012). The UML specification (version 2.5.1) as developed by The Object Management
Group (2017), defines 14 separate notations, categorised into three groups: Structure
Diagrams, defining the static structure of components; Behaviour Diagrams, defining
the dynamic behaviour(s) of components; and Implementation Diagrams, defining the
IS/IT infrastructure.

2.4. Brief primer on agent-based modelling and simulation

ABMS has been used within the OR community for over three decades. The ability to
conveniently model complex systems, and specifically to model emergent behaviour(s)
following interactions of individual components (i.e. agents), was a major driver for
its popularity (Taylor, 2014). ABMS is used to either increase our understanding
of mechanisms involved in generating emergent behaviours of real-world complex sys-
tems, or to predict how the system’s dynamics are likely to be a↵ected by perturbations
(Williams, 2018). We previously discussed (Williams, 2021) that data collected through
participant interviews or observations within management/organisational settings, is
applicable to the object-oriented paradigm for design of computational models. The
design of an ABM is closely aligned to the object-oriented approach, but builds upon
this paradigm because from a design perspective an ABM is not bound by a central
control mechanism because the individual agents are autonomous and have the ability
to adapt at the individual level (Macal, 2016; Macal & North, 2010).

Boudon (1998) advises that ABMs are considered to be non-black-box models, which
means that the design of agents within ABMs of social systems, oftentimes relies on a
mixture of qualitative data, experimental data, and empirically validated theory. This
means that an ABM of social network behaviour needs to have the relevant rules for
agent interactions and behaviours defined, which comes from the qualitative data (usu-
ally collected through interviews/observations), alongside the complete list of agent
relationships and network topology, which is part of the experimental data (usually
collected through observations and document analysis). It is therefore essential that
we can explain how the social network being modelled actually forms, along with
how the social processes (derived from theory) facilitate the dynamics and individual
agent behaviours. In addition, a major advantage of ABMS is that it enables us to
model complex, non-deterministic, and heterogeneous behaviours, which facilitates in-
vestigation of di↵erences in attributes (e.g. behavioural or demographic) of individual
agents within social systems (Williams, 2021). Importantly, the behaviours of indi-
vidual agents are determined by the rules and constraints imposed on them within
the model and the rules governing interactions between agents. Within the ABMS,
these individual agent behaviours become aggregated, and lead to the emergence of
system-level patterns, structures, behaviour(s) and dynamics (Epstein, 1999).
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3. Materials and Methods

Our methodology for hybrid conceptual modelling is based on case study research
(Yin, 2018) for data collection and a multidisciplinary approach for data analysis.
Specifically, we used SSM (Checkland, 1981) for problem structuring and defining
the background, SNA (Scott, 2013) for investigating the topological structure of the
formal work-based relationships between project team members, UML (The Object
Management Group, 2017) for defining agent interactions, and FLAME for developing
the simplified ABMS.

3.1. Data collection

The hybrid conceptual modelling uses our previously collected empirical data of a
case study at a large UK-based organisation that was undergoing a strategic business
transformation project, which required a new Enterprise System to provide signifi-
cant cost savings and e�ciencies (Williams, 2019, 2020). This implementation was
structured around a number of projects that aligned to modules within the enterprise
system and was collectively referred to as the Resource Management Programme (RM
Programme). Data collection took a hybrid form, beginning with documentary anal-
ysis to develop a thorough understanding of the case study, then four focus groups
with key resources to understand the causes of conflict development and subsequent
impact on individual projects and wider programme-level implementation. Research
ethics approval for the data collection was provided by the Faculty of Arts and Social
Sciences and Lancaster University Management School Research Ethics Committee at
Lancaster University.

3.2. Design and development of the ABM

Our approach for design and development of the ABM followed the Complex Systems
Modelling and Simulation (CoSMoS) framework (Stepney & Polack, 2018), which pro-
vides a principled approach to modelling and simulation of complex systems, with a
view to using simulation-based experimentation as a scientific instrument. This frame-
work has three phases: Discovery Phase, identifies and structures the problem in or-
der to establish the scientific basis of the project, and models the real-world domain
within a conceptual model; Development Phase, where the computational model is
developed, which in our case is a simplified ABM of relationship conflict within the
RM Programme; and Exploration Phase, where simulation-based experimentation is
performed.

With specific reference to the conceptual model, we followed the approach of Robin-
son (2008b), and utilised three complementary strands that enabled the conceptual
model to act as the functional specification for our ABM. First, SSM was used to
structure the problem of how relationship conflict had developed and propagated
throughout the RM Programme social network. Second, SNA was used to establish
the project and programme-level network topologies of the formal work-based relation-
ships between resources. Finally, UML notations were used to semi-formally define the
interactions between resources, sequence of events, and activities, that led to relation-
ship conflict. Validation of the conceptual model was performed using: audits by the
author to ensure modelling adheres to established practices; desk checking by the au-
thor to ensure the SSM, SNA and UML models are correct, complete, consistent and
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unambiguous; and face validation of prototype diagrams (developed on white-board)
by workshop participants to compare against their detailed understanding and judg-
ment of conflict within the RM Programme (Balci, 1994).

For development of the simplified ABM and running of simulations, we used the
Flexible Large-scale Agent-based Modelling Environment (FLAME) (Coakley, Small-
wood & Holcombe, 2006). Here the agents are modelled using XML templates to define
the attributes and internal states of the agents, with the rule-based functions of agent
behaviours being defined using C code. Simulation was performed using 50 replicate
runs. Validation of the ABM was performed using a number of techniques from Balci
(1994) at validation Levels 0 and 1 from Axtell & Epstein (1994). Level 0 validation
treats the ABM as a caricature of reality as established through simple graphical de-
vices, which allowed us to validate the individual agent code against the conceptual
model and also their 2D location on the social network map using code walkthroughs,
consistency checking, structural analysis and syntax analysis. Level 1 validation re-
quires the ABM to be in qualitative agreement with empirical macro-structures, i.e.
the initial development of conflict and its propagation along the formal relationships
as defined in the social network map, which used consistency checking, control-flow
analysis, and visualisation.

4. Results

The case study relates to a UK-based organisation (the Customer) that was imple-
menting a large strategic modernisation programme, underpinned by the replacement
of a significant portion of their IT and IS infrastructure. From an organisation-wide
business process perspective, the largest organisational costs related to Resource Man-
agement. As such, the Customer embarked upon a major IT/IS programme of work,
requiring integration of new and legacy systems to yield meaningful cost savings and
more e�cient business processes, which would ultimately lead to a reduction in head-
count across the organisation, but particularly the HR Department (Williams, 2019,
2020).

Existing infrastructure consisted of multiple standalone software packages from dif-
ferent vendors that were not completely integrated. The most important of these,
with respect to Resource Management, related to Finance, Human Resources (HR),
and Payroll. These standalone Enterprise Resource Planning (ERP) systems, had his-
torically been developed as discrete solutions. The customer’s aim for the RM Pro-
gramme, was to install and configure a new enterprise system that would provide a
set of standardised business processes that were fully integrated across the Financials,
HR, Procurement and Payroll functions. In addition, this new enterprise system would
be fully integrated with the remaining legacy systems that were not being replaced.

4.1. The SSM model

Initial analysis utilised the Analysis One, Two, Three technique and focused on the
interview transcripts and workshop outputs, along with design and project manage-
ment documents. Subsequent SSM analysis developed the CATWOE definition, root
definition and rich picture.

Analysis One concentrated on the roles within the RM Programme. Workshop out-
puts and documentary analysis indicated the RM Programme had 159 team members
who were organised into a Project Management O�ce (PMO) and Programme Direc-
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torate to focus on governance and administration, along with six project teams, three
of which mapped onto ERP (i.e. HR, Financials and Payroll) and the other three to
Technical development, Training, and developing IT infrastructure (see Figure 1). The
Customer outsourced delivery to a number of third-party organisations. The most im-
portant, was a global software vendor that specialised in enterprise systems, to act as
the sole Vendor to install, configure and test ERP modules and interfacing to legacy
systems. The Customer also employed three Professional Service Providers (PSP), two
of which acted as Subject Matter Experts (SME) for configuration and extension of
business processes, whilst the third focused on IT architecture for hosting the enter-
prise system. The composition of RM Programme membership was: 65 customer, who
were SMEs to facilitate design, configuration and testing of the enterprise system,
along with PMO; 70 Vendor, who designed and configured the enterprise system, de-
signed and developed bespoke extensions, along with data conversion and integration
routines; 5 PSP1, who acted as independent SMEs in HR and Payroll; 7 PSP2, who
acted as independent SMEs in Financials; and 11 PSP3, who developed the technical
infrastructure to host the enterprise system. Finally, the overall problem owner was
the Operations Director from the Customer who acted as Project Sponsor.

Analysis Two concentrated on the social system and provided insight into the back-
ground context and business drivers. As discussed above, the Customer initiated the
RM Programme in order to harness the e�ciencies that the enterprise system would
give regarding business processes and the number of system users required to ful-
fil administrative functions. In fact, the underlying business case revolved around
medium-term cost savings (i.e within 5 years) through automation of a large number
of administrative tasks, yielding a reduction in organisational headcount.

Analysis Three concentrated on the political system, particularly power dynamics
between the various organisations. The majority of resources were members of their
project team for the duration of its implementation. There were however some changes
in personnel on the Vendor side, which were due to a number of reasons, including:
individual consultants needing to be closer to home in order to minimise overnight
stays; resource constraints, such as a small number of consultants with Expert status
in particular skills, who needed to be redeployed to other customers; or professional
relationships, for instance the breakdown of cordial working relationships with Cus-
tomer resources, which generated relationship conflict and required their removal and
replacement. Our CATWOE definition is provided in Table 1.

Our root definition for the RM Programme: ‘A large UK-based organisation is en-
gaged in a major strategic business transformation programme, specifically focused on
the installation and configuration of a new enterprise system that is fully integrated
with existing custom-developed legacy systems, in order to streamline administrative
functions through the use of standardised business processes within the HR, Financials
and Payroll departments. It is envisaged that these large-scale business process e�cien-
cies will significantly reduce operating costs through automation of current manually
intensive processes, which would free up resources to focus on more value-oriented
tasks, and ultimately allow the organisation to restructure around the new operating
procedures, leading to significant savings in payroll through a reduction in headcount’.
See Figure 2 for the corresponding rich picture of the RM Programme. In addition,
Checkland (1981) advises the recasting of root definitions into the form: do P by Q to
facilitate the achievement of R. Our PQR definition is provided in Table 2.
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4.2. Designing the ABM

4.2.1. The RM Programme social network

As shown in Figure 1, the RM Programme was structured into six projects along
with the Programme Directorate and PMO. Individual resources were assigned to
one of these groups, which allowed the use of SNA to analyse the person-level and
work-based relationship data. The 159 resources, along with their relationships (i.e.
with other resources who they interact with to complete their assigned tasks), were
defined within an adjacency matrix, to facilitate analysis of the network topology. The
social network was found to contain 972 undirected relationships, providing an average
degree of connectedness (i.e. average number of connections that individual members
had to other members) of 12.23.

The social network map is defined in Figure 3. As expected, the network topology
is structured around the Project Teams, alongside a combined grouping of the Pro-
gramme Directorate and PMO and a grouping for the Vendor’s o↵shore functional
and technical resources. The pivotal resource within each grouping is the PM for each
organisation, meaning that each project team has a Customer PM, a Vendor PM and
potentially a third PM from a PSP. Building upon this, and of particular importance
is that a number of knots (terminology used as per (Scott, 2013)) are identified, which
represent sub-groups within the projects that correspond to resources from a partic-
ular organisation. We conjecture that these resources have strong ties to each other
at the beginning of their project, due to them having similar educational and profes-
sional backgrounds, along with working towards the same organisationally imposed
objectives. In addition, the PMs within the individual projects and Programme Man-
agers from the di↵erent organisations, act as bridgers to o�cially connect the di↵erent
Project Teams together.

The overall high-level perspective of the RM Programme has been diagrammati-
cally defined using the UML Class Association notation (see Figure 4). This repre-
sents associations between the highest-level definitions of components within the RM
Programme, such as Project Teams, Project Implementation Processes and the IS/IT.
Although the enterprise system contains the individual ERP modules, it is situated in
a much larger technical environment, requiring servers, a database, security and com-
munication infrastructures, middleware and PCs for users to access the application.
In addition, the ERP modules to be installed and configured in the RM Programme
are implemented through project teams with resources from Customer, Vendor and
PSP, and report to the PMO and Programme Directorate, which ensures compliance
to Customer PMO Processes.

4.2.2. Relationship conflict within the RM Programme

The RM Programme demonstrated substantial relationship conflict throughout its 3.5
year duration, with analysis indicating these primarily revolved around: misalignment
of organisation objectives between Customer, Vendor and PSPs; di↵erent organisa-
tional cultures between Customer, Vendor and PSPs; personality clashes between re-
sources; interpersonal incompatibilities through personal, educational or professional
characteristics; power imbalances between resources that work together, which de-
velops into relationship conflict after disputes become personal and no longer about
implementation of specific tasks.

In addition, task or process conflict, which are other types of conflict seen in large
IS/IT implementations are able to morph into relationship conflict if not adequately
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managed. Within the RM Programme, we saw this happen when bad behaviours
emerged from the Vendor because they were being blamed for technical issues and de-
lays in delivery of custom extensions and system-wide configuration. However, the
cause of these issues, was the Customers unwillingness to take accountability for
programme-wide decisions. This caused mistrust between the majority of Vendor and
Customer resources, which propagated to also negatively impact relationships between
Vendor and PSP resources (who had a contractual relationship with the Customer).

Of critical importance, is the fact that the RM Programme was underpinned by
the need to make significant cost savings and e�ciencies by streamlining back-o�ce
functions, ultimately leading to a reduction in headcount. This led to misalignment
between the Customer organisations’ corporate drivers and the personal drivers of its
resources, who part-way through the implementation became cognisant of the con-
sequences of success. The result was that a number of Customer resources developed
negative attitudes towards the RM Programme, became demotivated, decoupled them-
selves from their project’s objectives, and in a few cases became actively hostile to
Vendor resources, employing subversive behaviours to try and initiate project failure
(see Figure 5).

4.2.3. High-level design of the ABM

The ABM was designed using the concept of Communicating Stream X-Machines. An
X-Machine is a formalised specification developed by Eilenberg (1974) that has the
capability to model both the system’s data and the specification method (function) for
controlling the system. From a conceptual modelling perspective, X-Machines employ
both a diagrammatic approach and formal notation to model the system, where the
X-Machine contains infinite internal memory, a set of functions, and a current state.
The current state of control (the function defined in the specification method) and the
current state of the memory, is processed alongside an input symbol from the input
stream to determine the next state of the X-Machine, update it’s memory state, and
calculate the output symbol, which becomes part of the output stream used for com-
municating to other X-Machines. As such, the system’s new state is a product of it’s
current state (using memory and the list of input symbols) and the relevant function
(Kehris, Eleftherakis & Kefalas, 2000). A communicating stream X-Machine model is
a formalised specification that builds upon that of X-Machines to allow computation
of functional behaviours at the individual agent level, with these dynamics aggregated
to generate the emergent behaviour at the system level. The formal notation of the
communicating stream X-Machine specification utilises a 10-tuple notation, with CX

i
representing the ith communicating stream X-Machine component, which is defined
by Stamatopoulou, Kefalas & Gheorghe (2007) as:

CX
i = (⌃i,�i,Qi,Mi,�i,Fi,q0i,m0i,I�i,O�i)

where:
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- ⌃ and � are the input and output alphabets.
- Q is the finite set of real-world system states.
- M is the set that relates to memory.
- �, the type of the X-Machine X, is a set of partial functions ' that

translates a specific input and a specific memory state to a specific
output and a possibly di↵erent memory state, ' : ⌃ x M ! � x M.

- F is the next state partial function, F : Q x � ! Q, which given a
state and a function from the type � determines the next state.

- q0 and m0 are the initial state and initial memory.
- I�i is the communication interface for the input messages.
- O�i is the communication interface for the output messages.

The simplified ABM was designed as a two-dimensional spatial model, with the 159
resources being represented by individual agents that are assigned to specific locations.
Figure 6 provides a screenshot of the FLAME model, which uses the grey-scale colour
scheme and workplace relationships that were defined in Figure 3. All agents have the
following attributes: Person ID; Workstream (i.e. Programme, HR, Financials, etc);
Role Title; Organisation (i.e. Customer, Vendor, PSP); O�ce Location; Role Type (i.e.
Management, Functional, Technical, Training, Administrative); Relationship Conflict
Quotient; Stress Quotient; Conflict Recovery Quotient; Formal Authority Quotient.
The PM agents also have an attribute relating to the probability of promoting conflict
in subordinates, termed PM Chance. Similarly, non-PM agents have an attribute relat-
ing to the probability of promoting conflict in fellow team members, termed Employee
Chance.

4.3. The ABM of relationship conflict

The main source of relationship conflict was focused within the HR Project
Team due to poor professional working relationships between Customer HR PM
(CustHRPM) and Vendor HR PM (VenHRPM). CustHRPM became aware part-way
through the project that although successful implementation would provide signifi-
cant organisation-wide e�ciencies and cost savings, the HR Department would lose
a significant number of employees, which had a very personal impact on CustHRPM
because their employees were longstanding and sometimes friends.

We therefore developed our simplified ABM to use CustHRPM as the origin of re-
lationship conflict. Individual agents within the HR Project Team become conflict in-
fected through stochastic interactions between them and CustHRPM, which are mod-
ulated through Relationship Conflict Quotient parameter value. These initial conflict
infected agents are usually the PMs from either the Vendor or PSP2, but were occa-
sionally others, notably Consultants from the Vendor or employees that CustHRPM
line-managed. As expected with CustHRPM being the origin of conflict, our simula-
tions indicated that the HR Project Team is where initial conflict propagation occurs
because once CustHRPM generates conflict, it can stochastically propagate through-
out the team. Furthermore, once the majority of agents within the HR Project Team
have become conflict infected, agents within other Project Teams become conflict in-
fected, in particular the Payroll, Financials and PMO teams, who have close links to
the HR Project Team due to the integrated nature of an enterprise system and the
administrative oversight of the PMO. This is because once a threshold of conflict in-
fected agents has been reached, those that act as bridgers can propagate the infection
to other Project Teams.
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Our initial experimentation focused on the likelihood of conflict propagating from
one Project Team to another, through changing the threshold values, which relates to
the percentage of team members being conflict infected before the conflict can prop-
agate into another Project Team through the bridgers. Simulation results provide no
statistically significant di↵erence, suggesting that once relationship conflict has devel-
oped within a Project Team, it will inevitably propagate throughout the programme-
wide social network unless an intervention is implemented to dampen spread of conflict
and enable resources to recover from their relationship conflict.

Further experimentation focused on the di↵ering probability of conflict propagation
between PMs and normal team members, through varying the PM Chance and Em-
ployee Chance parameter values. Figure 7 shows the e↵ect of varying the probability
of PMs propagating conflict on the time required for conflict to infect the programme-
wide social network. Similarly, Figure 8 shows the e↵ect of varying the probability
of team members propagating conflict on the time required for conflict to infect the
programme-wide social network, which has a quicker rate of infection of the whole
social network, and also markedly reduced variability across replicate simulation runs.
Importantly, the time required for complete conflict propagation can be seen to sta-
bilise once the team member probability of propagation reaches a certain threshold
(Employee Chance parameter value of 0.3 or greater). We conjecture this to mean that
once conflict has occurred, it must be contained to a small subset of team members,
or measures need to be applied to minimise propagation to other team members who
were not initially involved in conflict development.

5. Discussion

The OR community has a history of research around conceptual modelling in order to
ensure computational models are fit-for-purpose, however, we have identified a signif-
icant gap around conceptual modelling for ABMS. This paper, building on the work
by Kotiadis & Robinson (2008) and Robinson (2008a,b), has addressed the gap, by us-
ing a hybrid conceptual modelling approach to develop a conceptual model and ABM
of relationship conflict within a multi-partner enterprise system implementation. We
hope that our work advances OR research by assisting OR researchers in designing
and developing ABMs of complex organisational settings.

Our hybrid conceptual modelling approach has used SSM, SNA, and UML, which
was subsequently developed into a simplified ABMS in order to analyse the devel-
opment and propagation of relationship conflict within a large multi-partner enter-
prise system implementation. We found SSM to be a powerful tool for capturing and
analysing the background context to the problem situation. In particular, we found
the rich picture to be a powerful tool for defining the organisational environment and
depicting the nature of interactions between resources that might lead to relationship
conflict. Similarly, we found Analysis One, Two and Three, CATWOE and PQR to be
very expressive and able to comprehensively define the problem situation. In addition,
we found SNA to be a powerful tool for capturing and analysing the social network
topology of the RM Programme, which can be considered a typical example of a large
multi-partner enterprise system implementation. It is noteworthy how the network
map provides a reciprocal interpretation to the rich picture and Analysis One (Ac-
tors) and Two (Social System) from SSM. Furthermore, we found UML to be a very
expressive language that provides a number of diagrammatic notations for developing
complementary views of complex socio-technical systems.
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Our simulation-based experimentation has begun to investigate the development
and propagation of conflict throughout the social network of large multi-vendor soft-
ware implementations, such as the RM Programme. Our initial investigation has fo-
cused on the role that CustHRPM had in the development of intra-group conflict
(between project team members) within the HR Project, and how other PMs in the
Project Team, once conflict infected, could act as bridgers to develop inter-group con-
flict (between di↵erent project teams). In particular, we found that relationship con-
flict, once developed, was able to propagate throughout the entire programme-wide
social network if no project management interventions are performed. Experimenta-
tion around propagation probability for PMs and team members suggests a greater
programme-wide e↵ect from conflict propagating between team members than from
PMs. Furthermore, our results indicate a tipping point where relationship conflict is
guaranteed to propagate throughout the entire network if the probability of conflict
spreading between team members is not controlled, with Figure 8 indicating this prob-
ability should be kept below 30%.

Although PMs have access to more information (as well as acting as bridgers in the
social network), communication and interactions between team members has a more
significant impact on conflict transmission rate. As a result, when conflict spreads,
team members who don’t have formal work-based relationships can be infected through
a small chain of only one or two intermediary members. However, we believe that the
PMs role is paramount after conflict has developed within their Project Team, due to
both their professional role, but also their network characteristic of being a bridger.
As such, PMs need to develop interventions that restrict the likelihood of propagation
from their Project Team to another, which we conjecture could potentially be through
implementing a kind of quarantine intervention by temporarily severing the link to
other Project Teams, or through arbitration between conflict infected team members.

To conclude, we believe our hybrid conceptual model and resultant simplified ABM
confirms that simple ABMs used for simulation-based experimentation can act as
powerful tools to investigate how relationship conflict can develop within large multi-
partner enterprise system implementations. Our simulations have also pointed us to a
new exciting avenue of future research that could seek inspiration from the immune
system, because these early findings suggest to us that relationship conflict might
propagate throughout the programme-wide social network in a similar way to infections
that propagate through social networks. As such, we believe that inspiration can be
taken from the way the human immune system fights infection, and that analogous
approaches can be developed by PMs in order to intervene when relationship conflict
has infected their Project Team.
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Tables

Component Definition Mapping to RM Programme
Customers The beneficiaries or

users that the system
is imposed upon.

The Customer resources who will use
the enterprise system following the RM
Programme, so this does not relate
solely to the RM Programme Customer
team members, but the employee-base
of 130,000.

Actors Those who will do
the Transformation
Process.

The Customer, Software Vendor and 3
PSPs.

Transformation
Process

The conversion of
the input to output.

The design and implementation of the
enterprise system and associated IT.

Weltanschauung The worldview,
which makes the
Transformation Pro-
cess meaningful in
context.

Prior to the RM Programme, the Cus-
tomer performed a thorough analy-
sis of business benefits that would be
achieved through an IT/IS enabled
business transformation programme,
with focus on operational savings and
increased performance of administra-
tive functions.

Ownership Those who manage
implementation of
the system.

Senior Customer personnel within the
HR, Financials and Payroll depart-
ments.

Table 1. CATWOE definition for the RM Programme.
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Component Definition Mapping to RM Programme
P What to do Implement a new IT and IS architecture, which

is centred around HR, Financials and Payroll
ERP modules, and will be fully integrated to
any remaining legacy systems.

Q How to do it Outsource the design, development and imple-
mentation to third-party providers, comprised
of a single Software Vendor and Three PSPs.

R Why do it There is an urgent need to standardizse back of-
fice business processes in order to facilitate sig-
nificant e�ciencies in administrative functions,
leading to major operating cost reductions.

Table 2. PQR definition for the RM Programme.
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Figure 3.
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Figure 5.
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Figure 7.

Figure 8.
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Figure 1 Structure of the RM Programme with respect to project teams and their
composition.

Figure 2 Rich Picture. Relationship conflict developed within the RM Programme
through a number of mechanisms. We hypothesizse that once formed, relationship
conflict can propagate throughout the social network of the wider programme, which
could impact delivery of the RM Programme against the agreed scope, time, budget
and quality metrics.

Figure 3 Social Network Map for the RM Programme. This social network defines the
o�cial workplace relationships between the 159 individual resources. It is composed
of sub-networks at the project team level (after Williams (2019)).

Figure 4 UML Class Association diagram for the RM Programme. This represents
the associations between the highest-level definitions of components (i.e. agent
Classes) within the RM Programme, such as Project Teams, Project Implementation
Processes and the various IS and IT.

Figure 5 UML Class diagram for Relationship Conflict in the RM Programme.

Figure 6 Screenshot of FLAME model, showing the 159 agents and the workplace
relationships between them.

Figure 7 Impact of PM probability of conflict propagation on the time (in days)
required for complete programme-wide conflict.

Figure 8 Impact of team member probability of conflict propagation on the time (in
days) required for complete programme-wide conflict.
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