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Abstract

This research investigates important determinants in designing, implementing and managing viable
Information Technology (IT) service systems in the South African economy where digitalisation
and globalisation are introducing unprecedented market and technological dynamics. The research
adopts the Viable Systems Approach to provide a systematic, iterative process to service system
design, tackling both service delivery and service co-creation complexities through the application
of Viable System Theory. Having identified and discussed various existing service system design
models available in the literature to date, the residual complexities these models present are
discussed, and the research proposes an integrated model for designing viable IT service systems.
The developed Integrated Service System Model is used for developing a complexity management

approach to designing viable IT service systems within selected firms in South Africa.

The finding is that the Viable Systems Approach efficiently reveals residual variety in operational
IT services systems under investigation while also providing viable service system designs for
services systems found to contain a residual variety. The use of the Cybernetics model within the
Viable Systems Approach proves useful in analysing specified service system viability operating in
dynamic markets by providing the analytical tools and methods to interrogate systemic behaviour

from a complexity perspective.

The recommendation is that in erratic dynamic markets where previous performance history does
not guarantee sustainable performance, residual variety presented by the market environment and
the ability to effectively implement viable service system designs are critical determinants to
designing viable IT service systems that can survive in the digital economy. The implications for
management is the foundational understanding and a multi-disciplined application of Organisational
Cybernetics (OC) in the design and management of service systems. Further research is suggested
in applying the developed Integrated Service System Model in other industries and service system
context to prove or improve the tenacity of the model in designing service system that adapts to

dynamic market environments over the entire service system lifecycle.
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1. INTRODUCTION

During the last few years, the information technology (IT) industry, along with other industries
globally, has been transforming as a result of globalisation and digitalisation (Chungunov et al.,
2016). Investments in digital transformation initiatives and formations of coalitions for ntroducing
new digital offerings characterise the industry transformation in response to the emerging digital
economy and technological advancements driving the realisation of networked cyber-physical
systems (Chungunov et al., 2016; Rossignoli etal., 2018). These transformations present many
challenges, and as a result, are tackled in coalitions to accelerate innovation and time to market

(MacGregor and Tamara, 2012; Rossignoli et al., 2018).

Amid these transformations, organisations have come to realise that new thinking and approaches
leveraging technology advancements are required to realise sustainable business models that are to
survive in a complex, tightly networked, and dynamic market environment (Hanna, 2010a; Oswald
and Kleinemeier, 2017; Rossignoli etal., 2018). The question of whether models or frameworks
exist contrary to traditional models for defining and designing business models capable of surviving
in the proliferating digital economy remains open (Raisch, 2004; Burton and Obel, 2004; Oswald
and Kleinemeier, 2017).

1.1 Research Background and Conte xt

“A system is viable if it cansurvive in a particular environment.” (Beer, 1985, p. 1)

The South Africa IT industry is undergoing a rapid ecosystemic reconfiguration (Kneale, 2016).
The reconfiguration is a result of proliferating digital transformation across the entire global IT
industry, as presented in the International Data Corporation (IDC) Vendor Spotlight whitepaper of
May 2018 (Adam and Breeze, 2018). IT distributors investing in platforms and e-commerce
systems; companies investing in digital skills to build the digital enterprise; mergers and
acquisitions; and resellers requiring application programming interfaces (APIs) to automate
transacting with distributors are some of the characteristics of this transformation (Kneale, 2016).
The rapid industrial digital transformation is attributable to advancements in cloud technologies and
internet enabling cost-effective digital business-to-business transacting, IT vendors mandating
digital transformation downstream in the distribution channels, and end customers demanding

customizable digital experiences for consumer products and services (Adam and Breeze, 2018).



Traditional IT distributors find themselves challenged in the centre of these IT ecosystems having to

redefine their value in the digital economy. This is a paradigm shift in how value is defined.

The paradigm shift challenges traditional business models and is reconfiguring the IT industry to a
service-oriented ecosystem, as demonstrated in Figure 1. Value is co-created with consumers
through the mteraction with service providers rather than the traditional selling of products. Note
that this is represented in Figure 1 by a singular flow of intellectual value creation in the traditional
configuration as opposed to the multidirectional flow of intellectual value creation in the service-
oriented configuration. In the latter configuration distributors become a vendor-interdependent
dispenser of services while co-creating value with partners, as opposed to traditional distribution,
commonly termed as ‘box - dropping’. To do this, distribution has to deliver unique market-relevant
service aggregation atdigital economies of scale to remain relevant in the ecosystem. This
transformation entails the digitalisation of traditional competencies and capabilities while
leveraging digital technologies in the organisation at all levels of the organisation (Oswald and
Kleinemeier, 2017). As a consequence, resource allocation is based on the consumption of service
inter-industries as opposed to traditional silo product-oriented selling (Khosrow-Pour, 2018). These
changes present challenges not only at the industry level but within organisations as well (Hanna,

2010a; Angela, 2017).
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An IT Vendor, in Figure 1, is a common term used in the industry referring to the original
manufactures of IT software and hardware products (Kneale, 2016). Many of these software
vendors are internationally based, such as Microsoft, Cisco, Oracle, IBM, Dell and HPE, just to
name a few. In this research pseudo names such as Vendor 1, Vendor 2 is used to protect the
identity of the companies and the interviewees. The primary function of these Vendors are the
designing and manufacturing of hardware, software products and IT service (PaaS, [aaS, SaaS)
either delivered directly to end customer or indirectly through a partner channel. They are also
commonly referredto as original equipment manufacturers (OEMs). End users are usually made
aware of a Vendor through an end-user agreement from the Vendor contained in the product
packaging specifying the terms of use. A digital counterpart of this is when acknowledging the end-

user agreement before downloading or installing the software.

Cloud computing technology advancements over the decades have enabled vendors to package

some of their software and hardware products as services, namely, Software as a Service (SaaS),
Platform as a Service (PaaS), Infrastructure as a service (IaaS) and Information Technology as a
service (ITaaS). Eachis attractedto a specific consumer profile in mind. With increased internet
advancements, the vendor is enabled to sell and service customers globally through e-commerce
portals, digital platforms and web-based applications (Kneale, 2016). A customer can buy cloud
services, download the applications and receive software updates at a click of a button. This has

allowed direct and indirect models of software and hardware distribution to customers globally.

Notably, an emerging service in the industry is Information Technology as a Service (ITaaS). ITaaS
is an operational model within an organisation that provides remote expertise, support and

management of information technology for other organisations. This service allows the outsourcing
of entire IT departments to other companies. Below are the types of IT services that are available in

the South African IT industry with their descriptions.

Software as a Service (SaaS)

“SaaS means the software is available on-demand, most of which is browser-based and dedicated to
a specific function. SaaS applications are often priced by a rental fee, which includes the application
software license fees, software maintenance and technical support costs.” (Khosrow-Pour, 2018, p.

457)



Platform as a Service (PaaS)
“PaaS provides a hosting platform in which users are allowed to develop applications without
dealing with software issues such as operating system upgrades, implementation of compilers,

installation and maintenance of databases.” (Khosrow-Pour, 2018, p. 457)

Infrastructure as a Service (IaaS)

“laaS provides suitable hardware, including physical servers and network bandwidth services
directly to the end-users who do not own enough processing power, storage capacity, applications to
meet the needs. These resources canbe ‘rented’ from a cloud provider on an as-needed basis and
accessed from anywhere via an internet connection. Cloud services employ a metering system that
divides the computing resources into appropriate blocks and users pay for the service as an

operating expense without incurring any significant initial capital cost.” (Khosrow-Pour, 2018,
p.456)

Information Technology as a Service (ITaaS)

“ITaaS is an operational model where the information technology service provider delivers an
information technology service to a business. The IT service provider can be an internal IT
organisation or an external IT service company. The information technology is typically delivered
as a managed service with a clear IT catalogue and pricing associated with each of the catalogue

items.” (Amir and Rusli, 2013)

In the section that follows traditional configurations are considered where indirect, direct and

service-oriented channel models are discussed.

111 Traditional IT Distribution Channel Models in South Africa

In an indirect channel model, vendors sell their products to value-added distributors (VADs) that
resells to end customers through a reseller community. The reseller community consist of major
retail stores to small, privately owned stores selling specific products with tailored services to their
end customers. This model allows a Vendor to reduce their overheads in support costs and delivery
of products while maintaining the quality of delivery to different regions in the world. VADs scale
the delivery of IT products and services into geographical regions; this is their primary value
proposition i the industry. As aresult, a VAD is certified and promoted as a distributor of choice

having attained the relevant skills to support the Vendors products and enjoys discounted product



volume pricing in return with reserved distribution rights from the Vendor.

In another configuration, an independent software developer (ISV) will buy a development platform
directly from a Vendor. This is an example of a direct channel model. An ISV uses development
platforms to develop software solutions for customers. An example is a private company that
provides animal tracking technology to a farmer or a nature reserve. A software application is
provided to the farmer enabling the farmer to track animals remotely. Such a solution is often
developed on tools and software purchased from a Vendor directly, and therefore; payment is made
directly with the Vendor. An ISV might look for better pricing, product support and convenient
payment options and may decide to buy indirectly, through a recommended locally available VAD

instead.

In another direct channel model, an end customer buys directly from a vendor. A good example is
buying software online using a credit card or purchasing a laptop directly from HP. Some website
prohibits this in certain countries by recommending a reseller or distributor ‘near you’. Each of the
configurations has its benefits and risks from the perspective of both the end customers and the
Vendors. However, traditionally, these channels have been silo product sales driven rather than

service driven.

The next section describes a service-oriented distribution channel configuration emerging in South

Africa.

1.1.2 The Service-Oriented Distribution Channel Models in South Africa

A service-oriented configuration promotes the co-creation of value with customers (Maglio etal,
2019). Service orientation transforms traditional product selling business models into service
systems (Demirkan et al., 2011b, pp. 1-2). The concept of a service system is derived from Service
Science. Service Science is the study of the co-creation of value with other service systems and
individuals, which all possess complex evolving needs (Demirkan et al., 2011b, p. 35; Maglio et al.,
2019, p. 2). ‘Simply put, service science combines organisation and human understanding with

business and technology understanding to explain and design service systems, busting silos along
the way’ (Maglio etal., 2019, p. 2).

Service Systems possess the structural qualities to adapt dynamically to evolving value propositions

(Demirkan etal., 2011b, p. 73; Maglio et al., 2019, p. 2). Service systems have the potential of



improving states of other service systems by sharing resources and outsourcing capability for
delivering systemic value (Maglio et al., 2019). On the other hand, services delivered by service
systems can disrupt or render other service systems irrelevant (Maglio etal., 2019). The service
system concept provides a fitting framework for conceptualising the configuration presented as a
service-oriented configuration indicated on the right of Figure 1. This new configuration, when
defined as a service system, can be studied and diagnosed using approaches from service science

and design.

One example is a service design approach that first identifies key dimensions of a service system as
in Figure 2. In this case, a service system can be analysed in the four key dimensions of a service
system namely, customers, technology, information and people (Demirkan et al., 2011b, p. 41).
Such a definition valuable, but what is not reflected in Figure 2, which is pertinent to a service
system by definition, is other service systems that co-exist around the service system and the
possibility of synergistic relationships. The inference could be in the information sharing between
service systems but what is not evident is how other service systems impact on the service system

along with its market size.

Customers

.

Service
System

A3ojouydayl

People

Figure 2: Key Dimension of Service Systems (Demirkan et al., 2011b, p. 41).

While Figure 2 is one example of a service system framework, other frameworks available in the
literature will also be reviewed in this research. The example above demonstrates that although
various frameworks exist for designing service systems, there is still a need for a systemic,
comprehensive approach to designing IT service systems from a holistic perspective taking into
consideration ecosystems of surrounding service systems and implications on market dynamics.

These frameworks are explored further in the literature review.



1.1 Problem State ment

Traditional organisation design methods do not suffice in designing complex IT service systems
that are sustainable in the evolving digital economy of South Africa (Maglio et al, 2019). To date,
IT Services have been designed as silos of products rather than services, thus constituting limited
value co-creation from a customer or limited understanding of market dynamics created by
surrounding service systems. In the digital economy, value co-creation with customers proves to be
a core capability in differentiating against the competition (Karatetal., 2004; Oswald and
Kleinemeier, 2017). The reality that organisations face with the evolutionary digital economy is that
disruption can come from anywhere at any time (Maglio etal., 2019). Traditional product-oriented
organisational design methods that focus primarily on the internal organisational capabilities

assume stable market environments over product lifecycles (Metcalfe and Cantner, 2003; Raisch,
2004).

The traditional product-oriented organisational design approach might not be suitable for designing
service systems in dynamic markets (Akkermans, 2018; Maglio et al., 2019). Although services are
becoming dominant modes of generating value in the economy, their dynamics are still rarely
understood making it difficult in designing viable service systems that survive in dynamic markets
presented in the IT industry where information technology innovations and e-Transformation
(Hanna, 2010b) are fundamentally changing how IT services are communicated, offered, delivered
and consumed (Akkermans, 2018; Maglio etal., 2019). Cybernetics and Complexity Science are
proposed for researching system designs which promote co-creation of value in dynamic

environments.

1.2 Research Question

What are the most relevant determmants in designing viable IT service systems for the digitally

transforming IT industry of South Africa?

1.3 Research Objectives

In providing the relevant determinants, the research has the following objectives:

. to determine the state of viability in current IT service systems in selected firms in South
Africa



2. toprovide aconceptual design for viable IT service systems in selected firms in South

Africa

The next sub-sections elaborate on the research objective noted.

1.3.1 Expanding on Determining the Viability State of current IT Service Systems in

selected firms in South Africa

This research selects specific operational IT services in South Africa for determining their state of
viability. The selection is made, taking into consideration the services delivered by the service
system and the market environment. The scope of the study considers the existing IT service types,
namely SaaS, PaaS, [aaS and ITaaS delivered through several available delivery channel

configurations.

A delivery channel configuration is to be understood as a unique arrangement of the entities,
Vendor, ISV and an IT Services Aggregation Platform for delivering a service to a consumer. One
example has been created and presented in Table 1. The table represents possible IT- industry entity
combinations for delivering SaaS in South Africa. In the study, these are called IT service system
configurations. Other service system configurations in the scope of this study are available in

Appendix A.

Table 1: SaaS Service System Configurations

Supporting from

IT Services other Service

Aggregation Systems
IT service system configuration Service Type [Vendor |ISV Platform Consumer Resources Service Example
SaaS Service System Configuration 1 Yes Yes
SaaS Service System Configuration 2 Yes Yes Yes
SaaS Service System Configuration 3 Yes Yes Yes
SaaS Service System Configuration 4 Yes Yes Yes Yes . .
SaaS Service System Configuration 5 Saas Yes Yes Yes Microsoft Office 365
SaaS Service System Configuration 6 Yes Yes Yes Yes
SaaS Service System Configuration 7 Yes Yes Yes Yes
SaaS Service System Configuration 8 Yes Yes Yes Yes Yes

Further information on the analysis tool that is used to determine viability is described in

methodology Chapter 4.



1.3.2 Expanding on Providing a Viable Conceptual Design for IT Service Systems in selected
firms in South Africa

The Viable Systems Approach (VSA), founded on Viable Systems Theory (VST), is used to
develop a conceptual model for designing viable service systems catering for all IT service system
configuration noted. The literature review justifies the selection of VSA for designing IT service
systems. Upon identifying the service configurations that are in the industry, the research then uses
the Viable Systems Model (VSM) to provide viable system conceptual designs utilising the VSM
Homeostatic Loop Analysis Charts and the VSM Charts. A sample of each chart is available in

Appendix B and Appendix C, respectively.

15 Assumptions

The research approach involves multi-disciplinary teams consisting of executive leadership,
business unit managers, service engineers, service managers and departmental managers. The
assumption that the multi-disciplinary workshop-style approach effectively incorporates enough
expertise and experience to facilitate the redesigning of viable IT services system provided the
participants are exposed to the correct tools and models to translate their combined knowledge to

service system designs within a well-structured systematic process.

1.6 Delimitation

The service selection of this study is based on operational IT services provided by a leading value-
added distributor in South Africa. The following delimitations are made:
e This study focuses on the design process of viable IT services systems, while the
implementation of the redesigns that are executed are outside the scope of this study.
e This study focuses on utilising complexity management methods born from Cybernetics to

drive service system improvements and redesigns.

1.7 Structure of Report

The report is made up of seven chapters. A short description of each chapter is presented below:

Chapter 1: Introduction
Chapter 1 provides some background on the transformation of the IT industry and its proliferated



impact on the South Africa IT industry. It also introduces service system concepts which provide a
contextual basis for understanding the paradigm shift that is emerging in the South African IT

industry. In the chapter is the problem statement, research question objective and assumptions.

Chapter 2: Literature Review
Chapter 2 contains a literature review on service system design models and frameworks. Each
model and framework is discussed identifying its contributions and limitations to designing viable

IT service systems. Residual complexities are also identified in each model or framework.

Chapter 3: Conceptual Model
Chapter 3 details the model which is proposed, derived from integrating contributions from the

models discussed in the literature review, discusses its approach, method, mechanism and structure.

Chapter 4: Research Design and Method

Chapter 4 details the research method used, including the tools and techniques used in collecting
and analysing the data qualitatively. Validity and reliability of measurement are discussed at length
in this chapter due to the interdisciplinary nature of the study.

Chapter 5: Results
Chapter 5 contains the results from collecting and analysing the capability and perturbation data in

determining the viability of current IT service systems considering the South African IT industry.

Chapter 6: Discussion
In Chapter 6 the results and learnings are discussed focusing on design recommendations uniquely
attributable to the application of the VSM model. A conceptual service system design process from

a complexity management approach is proposed.

Chapter 7: Conclusion and Recomme ndations
Contains a summary of the findings in this study and recommendation for possible improvements

and further studies to be made.
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2. LITERATURE REVIEW

According to the Oxford English Dictionary (Stevenson, 2007), viability is the ability to survive or
exist in a particular place or climate. Other dictionaries provide similar definitions, although, Beer
(1985) develops qualitative characteristics of viability through the Viable System Model (VSM).
Since its inception over two decades ago, the VSM has been used extensively for conceptualising,
analysing and redesigning large complex organisations (Takahara and Mesarovic, 2003, p. 5) but
despite the numerous successful applications, the VSM is not widely known in professional
practices. The limited adoption and use of the model in the profession could be because its
concepts are not intuitive to grasp (Rios, 2012, x), and traditionally organisations have been

viewed as hierarchically static institutions prescribing the use of other models (Raisch, 2004).

Legacy business models are challenged when designing organisations fit for the digital economy
(Rios, 2012, p. 11; Maglio etal., 2019). The most significant contributor to this transformation
globally has been technological advancements that enable flatter, networked type organisations
with a broader distribution of information to all levels of the organisation (Espejo and Reyes,
2011). The VSA, with the use of the VSM, provides a systematic design and diagnostic approach
for designing and managing these digital age organisations taking into consideration their dynamic
complexity and organisational characteristics (Beer, 1985; Espejo and Reyes, 2011; Rios, 2012;
Maglio et al., 2019).

Service systems are to be designed with viability in mind to ensure they can survive in dynamic
economic environments, more so in the digital economy (Toivonen, 2016, pp. 51-67). The service
itself needs to be viable and the service system that creates and delivers the service needs to be
viable as well (Toivonen, 2016, p. 52). Appreciating the service and service system viability
concepts means a design approach can be developed that ensures a service system survivability
that is sufficient to generate a return on investment (Toivonen, 2016). Service system survivability
is achieved by designing service systems that are capable of delivering a multitude of services and
able to adapt to markets (Toivonen, 2016, pp. 51-67). According to several authors, the VSM
defines such capabilities that canbe designed into any system required to be viable from inception

(Ashby, 1958; Beer, 1972, 1985; Harnden and Leonard, 1994).

The VSM proves to consider that services are designed with value propositions for markets in

mind (Demirkan et al., 2011b; Maglio et al., 2010; Maglio et al.,2019), which at first appear to
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fulfil precise needs or market requirements but the defined value might not be viable in the context
of other service systems or services that coexist in the market environment. It is these
considerations and opportunities that attract high interest to researchers globally (MacGregor and
Tamara, 2012; Toivonen, 2016; Maglio ef al.,2019), and as a result, the VSM is not the only
approach in the literature related to the design of service system. Other models and framework are

available i literature related to service systems design. These models are considered next.

21 The Service Delivery Design Frame work

Demirkan et al. (2011b, p. 225) present a framework which is proposed as a useful tool for
conceptualising service design in the context of Service Science Engineering and Management.
This is shown in Figure 3. Its focus is to conceptualise the determinants for building service
systems from a delivery perspective.

Strategic Design
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* Facilities and Layout

+ Technology and Equipment

* Aggregate Capacity Planning
+ Service Product-Process

Renewal

Interfaces
Infrastructural Customer
“Infrastructural” )
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bt Service _ Value o
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« Performance Systems
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+ Operations Organization and . Assessment
Coordination of Gaps

+ Service Supply Chains

= Integration Technologies

* Learning and Adaptive
Mechanisms

Figure 3: Service Delivery Design Framework Demirkan ez al. (2011b, p. 225)

While the Service Design Delivery Framework provides the service delivery determinants relevant
to the design of service system it does not detail determinants regarding service co-creation and
management of complexity from the environment in which the service system exists. Service
delivery must be attuned with the dynamics presented in the market and environment in which its

services are to be delivered. Although this could be considered in infrastructural strategic design
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choices, this is not a once-off design choice since the environment and markets could be dynamic,
thus rendering the delivery system irrelevant. In addition to the presented determinants by the
Service Design Delivery Framework, this research proposes that there are other crucial
determinants when designing viable service systems such as the management of environmental

complexity and maintaining synergistic relationships with other surrounding service systems.

Another framework related to the design of services is the Extended Value Co-creation

Framework which is described below.

2.2 The Extended Value Co-creation Frame work

The Extended Value Co-creating Framework is based on the determinants of value co-creation.
This is shown in Figure 4. These determinants include value propositions from the providers and
the customers taking into consideration that these value co-creation networks could be set up
statically or dynamically from an offerings perspective to either the provider, or customer, or both.

(Demirkan etal., 2011b, p. 188).

: Provider-Centric
Provider Network
(Static, Dynamic)
(Value Value
Propositions) .
Customer Customer-Centric /
Network

(Static, Dynamic)

Figure 4: Determinants of Value Co-Creation (Demirkan et al., 2011b, p. 188).

The framework goes further to elaborate based on the determinants and stipulating the scenarios
under consideration of service network creation. The framework was developed only to consider
the provider-customer co-creation of value, and it only looks at the determinants of co-creation
considering providers and customers, a valuable consideration to the determinants to service
systems. The framework is valuable for determining the different co-creation configurations that

can exist between providers and customers, as shown in Figure 5 (Demirkan et al., 2011b, p. 190).

This framework does not consider other service systems, with their providers and consumers, and
the environment within which the service system exists. The service system operating

environment is essential because consideration must be made regarding possible competing and
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synergistic service systems and their impact on the market. Therefore in addition to the presented
determinants by the Extended Value Co-Creation Framework, this research proposes that there are
other crucial determinants when designing viable service systems such as service delivery,
dynamic collaboration policy development and the management of environmental complexity

within the service systems, which are not considered.
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. two-sided value propositions . -
Dynamic P i P ‘ two-sided value propositions
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provider-centric metrics Aoal wcirbin
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E
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o} 111
Value Chain Traditional SVN
one-sided value proposition one-sided value proposition
Static static customer choice set static customer choice set
provider-centric metrics provider-centric metrics
provider network optimization effort

Static Provider Dynamic

Figure S: Framework for Extended Value Co-Creation in SVN (Demirkan et al., 2011b, p. 190)

Yetanother framework related to the design of service systems is the Service Machine Model

described next.

23 The Service Machine Model

The Service Machine Model is one of the most recent models to be developed. The model uses an
approach of a ‘templating’ which is used to structure sets of questions to describe and analyse
service production systems (Roy et al., 2019). An adaption of the Business Model Canvas is
merged into the Service Machine Model to incorporate the definitions of businesses that sustain
themselves by providing products and services to market as depicted in Figure 6. The model
leverages off precise definitions in the Business Model through structured questions and
superimposes this to a universal machine definition to produce a service machine template. The
questions in the service machine template guide a system designer to elaborate on the individual
blocks of the service machine in a given context. In answering the questions, the service system

designer may probe the architecture of the services machine.
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Figure 6: Service Machine Template for Emergency Medical Services (Roy et al, 2019)

The Service Machine Model is a useful tool for formulating the correct question to ask to define
the service system but does not detail a systematic design process of the service machines. Neither
does it deal with the dynamic relationships between the eight areas in detail. The model, however,
provides eight key areas that are to be well defined to constitute a service machine namely, the
market need, the service system functions, the resources required, the management control and the
key performance indicators (KPIs). The Service Machine Model provides a valuable addition to

this research.

Another notable framework in the literature is the Dynamic Research Framework.

24 The Dynamic Research Framework

The Dynamics Research Model illustrated in Figure 7 was developed by Raisch (2004) to provide
amodel leveraging the contributions of different strategic perspectives when viewing the
determinants of firm performance. Having critiqued the fragmented nature of traditional business

models available at the time, Raisch (2004) developed a framework focusing on defining
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determinants that enable firms to manage dynamics complexity for strategically achieving long
term performance equilibrium. Raisch (2004) applied the model in the American media industry

and had the following to say.

“The mtegrated model focuses on the long periods of relative stability. Concerning the frame of
reference developed above, the integrated model remains equilibrium-based, thus understanding
change as a punctuated equilibrium. It attempts to reach a better understanding of the factors
underlying success under the current equilibrium conditions. Ignoring system Dynamics and
longitudinal developments, the model merely strives to grasp detail complexity. This reduction of
real-world complexity allows a high degree of formal theorising with testable hypotheses on

cause-effect relationships.” (Raisch, 2004, p. 11)
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Figure 7: The Dynamic Research Framework (Raisch, 2004, p. 11)

Although Raisch (2004) focuses on firm performance as opposed to service systems, a firm can be
conceptualised to a certain degree as a service system, albeit service systems possessing a quality
of ubiquity conceptually. A service system can be a microservice in software or a group of
organisations in a supply chain (Luzeaux and Ruault, 2010). Thus the Dynamic Research

Framework findings are valuable to service systems.

The Dynamic Research Framework arrived at several determinants and conclusions that contribute
to the approach of this study. The following determinants were identified: product diversity;
vertical integration; balancer strategy; innovativeness; market orientation; organisational learning;

reputation and corporate culture. The research made the following conclusions: That there is no
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simple success strategy; firm capabilities are highly related to firm performance; differentiation
strategy and dynamic capability management plays a vital role in a firms performance;
Diversification and vertical integration are to be considered and managed correctly; Attention to
the bottom line has to be institutionalised to achieve superior performance; There is no empirical
evidence that consolidation, concentration of scope, and scale delivers superior firm performance;
to achieve long term performance firms must embrace change and manage it, and the firms
structures are to allow this. The determinants identified in the Dynamic Research Framework

provide a valuable addition to this research.

25 The Viable System Approach Selection Criteria

This research proposes the Viable System Approach (VSA) for diagnosing and designing viable
IT service systems. Unlike the other models identified in the literature, the viable system model
responds to the first research objective by providing the methods and instruments for quantifying,
dynamic complexity and viability. The model’s central premise suggests that to achieve viability,
the law of requisite variety is to be adhered to. The Law of requisite variety states that: The control
achieved by a given sub-system over a given system is limited by (1) The Variety of the regulator
and (2) The channel Variety capacity between the regulator and the system (Ashby, 1958; Masys,
2016).

Viable Systems Theory implies the following principles for achieving viability. To maintain
viability, there must be a sufficient balance maintained along two dimensions namely: (1)
Autonomy of organisational units versus integration of a system as a whole and (2) Stability of
operations versus adaption to changing conditions (Ashby, 1958; Beer, 1972, 1985; Masys, 2016).
It is for these theoretical foundations that the VSA, and specifically the use of Beer’s (1985) VSM,
is proposed as a design approach for establishing the desired organisational design for viable IT
service systems responding to both objectives of this research. The model posits information that
can be used for diagnosis and defines organisational determinants for designing intelligent

adaptive systems.

It is important to note the founding concepts of the VSA namely: (1) A viable system lives, it aims
to survive within the context of its environment populated by other viable systems and viable
meta- systems; (2) A viable system’s top management subjectively perceives the context of every

system from analysing its environment and contextualizing its ability to meet its own and meta
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systems viability objectives; (3) Context defines the potential of viable systems, within which are
higher meta-systems able to constrain and govern management decisions; (4) The structural
organisation of a system, internally and in relation to other systems higher-order meta-systems
define its effectiveness; (5) A viable system has the capability of dynamically adjusting its
structure to achieve requisite variety for maintaining homeostasis (Schwaninger, 2009; Golinelli,
2010; Rios, 2012). It is in these founding concepts that the VSA is selected as a design approach
in this research for developing a conceptual model that assist the designing viable IT service
systems. The Viable System Model is a model developed by Beer (1985) from applying the VSA

to management and design of organisations.

The Viable System Model (VSM) defines and establishes the necessary and sufficient conditions
for an organisation, or a service system, to be viable. Viability, as earlier defined by the Oxford
English Dictionary (Stevenson, 2007), is the ability to maintain existence in a specified
environment. These conditions provide special consideration to dynamic environments. Beer
(1985) argues that the primary goal of an organisation is not profits and revenues as many
business models suggest, but instead to maintain separate identity and existence within an
environment. The VSM was born out of Management Cybernetics in the 1950s (Rios, 2012, p.
16). It is Wiener who gave the name Cybernetics to the new science and defined it as the science
of communication and control in the animal and the machine (Wiener, 1985). In Management
Cybernetics the concepts and principles contained in Wiener’s Cybernetics, are put into practice
by Beer (1972) in tacking management complexities (Harnden and Leonard, 1994). Despite the
success of the model in various applications, most professionals are not taught the model and its
approaches or how to apply it in practice (Rios, 2012, p. 8). The lack of adoption could be that its
concepts are difficult to articulate into practical implementations. This research uses the VSM
model to interrogate and establish the organisational structures required in viable IT service

systems.

The VSM defines five essential functions of viability, namely; policy, intelligence, integration,
coordination and implementation (Rios, 2012, p. 50). The viable systems process is a rigorous
systematic process that derives the design of the management mechanisms, feedbacks and controls
for the five essential functions presented in the VSM. It is founded on careful consideration of the
environment in which the system in focus operates. An essential aspect of the VSM is its
“recursive” nature meaning every viable system (organisation) contains systems (organisations)

that are viable within them as well (Beer, 1985; Rios, 2012, p. 48). This characteristic provides the
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VSM with enormous potential for understanding the design of viable service systems that can
recreate viable services within them. It is for this recursive systematic characteristic and its proven
success in organisation design that the VSM is selected to establish a model for designing service
systems. Whatever the system may be, the same operational principles apply that are required by
the VSM, regardless of size, sector, characteristic, geography or type of activity (Beer, 1985;
Espejo and Reyes, 2011; Rios, 2012).

In concluding, the VSM is the model selected for this research to be used to diagnose the viability
and provide conceptual designs for viable IT service systems under study. Further details on the
VSM and its approach are considered in the next chapter. A review of the selected models in the
literature and their limitations lead to the selection of the conceptual model for this research which
is elaborated in the next chapter. In researching available models and frameworks, the following
criteria were used in qualifying a suitable model namely: (1) the model or framework must have
theoretical foundations available in and should have been successfully applied in a similar context
in industry. (2) The model or framework should be based on systems-theory based and provide
special consideration to systemic pathologies to be avoided (Masys, 2016); and (3) The model or
framework should incorporate the design of interactions between highly autonomous entities that
synergistically achieve desired emergent qualities given dynamic market environments (Masys,

2016).

The next chapter considers the development of the conceptual model.

19



3. CONCEPTUAL MODEL

A service system is a combination of people, knowledge, technologies and value propositions
(Hastings and Saperstein, 2014; Sushil efal., 2016). Most cited examples of services system are
from healthcare, government sectors and financial services (Demirkan ef al., 2011b; Hastings and
Saperstein, 2014; Roy et al., 2019). In a service system, the consumer of the service and the
provider of the service transact in a shared value co-creation network (Hastings and Saperstein,
2014). Therefore service systems are dynamic and present challenges in absorbing and leveraging

the input variables of the consumer (Hastings and Saperstein, 2014).

It is important to differentiate between a ‘service’ and a ‘service system’. This is an important
consideration from the perspective of complexity because both have to be viable to qualify the
system as viable (Beer, 1985; Maglio efal., 2019). A service system is a mechanism and technology
through which a service is delivered. Architectural innovation inside the service system allows for
the delivery of different services through creative applications of existing technology. On the other
hand, a service is a consumable value offering to a market. Delivering a service entails
mterconnected interaction of systems and sub-systems to deliver a viable consumable value offering

to market. Both service and service delivery mechanism constitute a viable service system.

3.1 Conceptualising I'T Service Systems

A viable service system canbe seenas a system of systems (Luzeaux and Ruault, 2010) because it
constitutes a configuration of information, technology, processes, multiple interdepend systems, and
end-to-end supply chains for delivering value to an identified market need (Luzeaux and Ruault,
2010; Maglio et al.,2019). Khosrow-Pour (2018) defines a service which is worth noting, namely
“Services are cybernetic replicas of human practices, being evoked by well- established

environmental motivations.” (Khosrow-Pour, 2018, p. 1040)

A system is a set of related or associated material or abstract things, forming a unity or involved
whole sharing a common goal (Stevenson, 2007). The Service System Scope of Viability
Assessment in Figure 8 is an initial conceptual hierarchical diagram anticipated by the researcher

when considering the various operational elements involved in delivering a service to a market.
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Figure 8: Service System Scope of Viability Assessment (produced by the researcher using soft
systems thinking tools)

Therefore, it is in the context of a market that viable service is considered, whereas a service system
is viable if it is capable of sustainably delivering viable services, thus able to maintain its existence
in a specific environment. In Figure 8, it is envisaged that a service system consists of several
systems, including resources from other surrounding service systems, systemically organised to
service a market. Without the market need or defined value, a service cannot be viable. Beer (1985)

defines viability as the ability to maintain a separate existence within a specified environment.

3.2 The Viable Systems Approach

The viable system model (VSM), Figure 9, has been applied to designing organisations with success
and is yet to be applied to diagnosing and designing service systems (Takahara and Mesarovic,
2003). Conceptually a service system shares a resemblance to a specific type of organisation, a

Virtual Organization (Maglio et al.,2010; Demirkan et al., 2011a). Similar to a virtual organisation,
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a service system is a temporary arrangement of resources within or amongst organisations, working
together, delivering services to either organisation-internal customers, organisation-external
customers or other service systems or organisations (Demirkan et al., 2011b; Masys, 2016; Hastings
and Saperstein, 2014). Therefore, a service system transgresses traditional organisational

boundaries because its existence is in the co-creation of value with consumers which could require
collaboration between multiple organisations such as in an end-to-end supply chain. The “virtual” in
the definition indicates that the resources are not required to interact physically or be in the same
geographical or company structure (Camarinha-Matos et al., 2001). The resources are
interconnected through networking and collaboration technologies allowing co-ordination of efforts
to ends of delivering value (Camarinha-Matos and Afsarmanesh, 2004, p. 17). The temporality in

the existence of such an organisation depends on the viability of the service system.

The recursive nature of the VSM can be seen through the VSM diagram model shapes. As seen in
Figure 9, the squares represent the management systems; the circles, the operations or
implementation system. The amoeboid shape presents the environment in with the system exists.
When looking into the circles, the same square-circle configuration can be seen at sub-system
levels. This also recurs upwards into higher-level meta-systems. This recursive self-referenced
detail in sub-systems reveals the recurring fractal structure required in achieving a viable system.
Self-reference and re-creation at all scales, or ‘embedments’, is required to maintain viability (Beer,
1985; Rios, 2012, p. 48). Each viable unit is to contain the five essential functions for the system in
focus to be viable (Beer, 1985). This excursiveness is of the utmost importance when studying
organisations and systems that are to survive in a given dynamic environment (Beer, 1985). An
organisational structure is determined by how the system segregates and absorbs the variety from its
environment through its autonomous subsystems. Each System and subsystem serves a specific

purpose, although containing the same referential fractal structure.

System 1 (Operations) is responsible for the product and delivery of the organisation’s goods and
services to the appropriate environment. System 1 is made up of viable operational units, each
responsible for a line of activity, product or service. The units contained i this system “produce”

(Rios, 2012, p. 25).

System 2 (Coordination) makes the set of organisational units which comprise System 1 function

harmoniously. These units may be related by production processes, service delivery or common
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resource pools which might lead to counter-intuitiveness sub-optimisation or conflict as a result of

each one attempting to achieve its own goals. Examples of System 2s are Information Systems,

Product Planning, Accounting Procedures etc. (Rios, 2012, pp. 29-30).
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Figure 9: The Viable System Model Example (Beer, 1985).

23



System 3 (Integration) performs a harmonisation role exploiting possible synergies form the
interactions of System 1 subsystems. System 3 may be considered the “Operational Management”
of the organisation. This system is concerned with the daily operations. It is concerned with the

organisation “here” and “now” (Rios, 2012, p. 32).

System 4 (Intelligence) represents the organisation’s adaption structure. To do this, the
organisation must monitor both what is currently occurring and possible future changes subject to
the appropriate environment. This system contains the right tools and methods to process and
analyse information, variety and complexity presented by the organisation and its environment. The

translation from data to information, to modelling and intelligence, is performed here (Rios, 2012,
p. 40).

System 5 (Policy) has supreme authority in the organisation. All variety that all the other
subordinate functions cannot absorb is resolved by System 5. System 5’s function is to balance the
present and the future of the organisation, or ‘the bigger system in focus’. It is responsible for
establishing the identity and purpose of the organisation. Typical responsibilities of system 5 are
establishing the vision, mission and strategic goals of the organisation (Rios, 2012, p. 46).

Determining the viability of a service system will provide a base from which crucial determinates
can be defined, designed, managed and re-created. The application of the VSM to service systems is
novel, but other previous applications of the model reveal the following two critical findings. In
redesigning systems for viability, various tools are used in the VSA. The VSM Charts and
Homeostatic Loop Analysis Charts are used to determine the service system structures required to

maintain viability.

The VSM model approaches complexity from a structure-design shown in the Framework for
Designing Intelligent Organizations (FDIO), Figure 10. In practical application, the VSM is used
with other cybernetics models in the designing process of a viable system. In the FDIO, the VSM
performs the role of defining the system structures and mechanisms required for maintaining
viability. The structural design approach to complexity management makes the VSM model suitable
as a meta-model in developing a systemic framework within which the other models are plugged

nto.
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Figure 10: Cybernetics Models linked to the Framework for Designing Intelligent Organizations
(Schwaninger, 2009)

The Model of Systemic Control (MSC) is integrated nto the VSM approach to defining the system
control requirements for mantaining homeostasis and control in the system to manage system
viability (Beer, 1966). On the other hand, the Team Syntegrity Model (TSM) defines the networked
linkages required to foster collaboration and development in the design activities, management and
implementation activities. The linkages between these models canbe seen in Table 2 and Table 3,

demonstrating how they are applied in the FDIO (Schwaninger, 2009).

Table 2: Linking the Cybernetics Models to their Dimensions (Schwaninger, 2009)

Design Control Development
Activities X XX X
Structure XX X X
Behavior X X XX

The scheme in Table 2 highlights two aspects. First, each of the three framework dimensions,
namely activities, structure and behaviour, contribute to an aspect of management, namely design,
control and development, denoted by x. Second, each of the three models has a primordial link to
one of the framework dimensions, denoted by ‘xx’ (Schwaninger, 2009, p. 44).
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Table 3: Correspondence between Dimensions and Linkages with Cybernetics Models
(Schwaninger, 2009)

Design <--->  Structure <eee> VSM
Control <--->  Activities = <---> MSC
Development <--->  Behavior <---> TSM

Each model places a different emphasis on the three components of management. The VSM is a
conceptual tool for organisational design. The MSC is for organisational control and the TSM if for
organisational development. Linking the scheme in Table 2 to the emphasis points of each model, a

correspondence is derived, producing the scheme in Table 3 (Schwaninger, 2009, p. 44).

In the Brain of the Firm, Beer (1972) uses Dynamo, a system dynamics (SD) modelling software to
investigate the dynamics of the trapped states within which the Chilean economy was enmeshed.
This research will use Goldsim, a system dynamics modelling software with probabilistic
simulation capabilities, to model the service system dynamics within a dynamic market with the
assistance of the SD model archetypes provided by Akkermans (Kossik, 2018; Akkermans, 2018).
The conceptual system dynamics model is used to define the relevant determinants to designing
viable IT services and to prescribe policies that mediate between the current systems’ performance
of VSM (Systems 3-2-1) (Beer, 1966), the current structural situation and the formulation of
strategy (Beer, 1972; Akkermans, 2018). Intelligence and decision science is the primary function
of System 4 (Beer, 1966). It is to utilise models and intelligence to mediate between System 3 and
System 5 as prescribed in (Beer, 1966).

This research will contribute by reporting findings on the application of the Viable Systems
Approach, while also incorporating other cybernetics models, in the context of designing service
systems in the South African IT industry. This approach is posited to ensure that the IT service
systems designed are viable, meaning they are to be: self-referencing to mantain identity, self-
aware, self-repairing and self-reproducing with the ability to intelligently maintain system internal
homeostasis from external environment by either internally restructuring or leveraging other service
systems in its environment (Beer, 1972; Harnden and Leonard, 1994; Schwaninger, 2009; Rios,

2012).

Having posited that the VSM is a suitable model for diagnosing and redesigning viable IT service

26



systems along with the use of other cybernetic models, the next section provides the conceptual
model developed by the researcher for designing viable IT service systems considering dynamic

market environments, competing and synergistic service systems.
321 Proposed Conceptual Model — The Integrated Service System Model

The Integrated Service System Model (ISSM), as the name suggests, integrates the VSM, TSM and
MSC into a hierarchical embedment, previously defined in the service system scope of viability in

Figure 8, reproduced below in Figure 11.
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Figure 11: The Integrated Service System Model (ISSM)

The model is developed with the objective of providing a service system design which can adapt to
relevant market dynamics through a mechanism of continuous variety engineering and an the

integrated iterative use of other cybernetics models, namely the Team Syntegrity Model (TSM) and
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the Model of Systemic Control (MSC), and uses other cybernetic modelling tools namely, the
Abstract State Machine (ASM), System Dynamics (SD) and Variety Engineering (VE).

The model defines three primary functions that are to be present in a viable system, namely; Detect,

Design and Implement.

The three functions with feedback mechanisms between them establish double-loop learning
required for intelligent adaption (Sterman, 2000, p. 19). Feedback from the environment can
stimulate redefining service system viability in the context of the dynamic environment. Such
learning involves reframing of a situation to new goals and new decision rules and not just new

decisions.

The next sections discuss the conceptual model components in detail

3.2.2 Detectand Diagnose

The Detect and Diagnose function is responsible for ensuring that the service system is capable of
detecting changes inside and outside the service system and contextualise its viability within its
dynamics environment. Having contextualised viability, the function diagnoses whether residual
variety existing internally within the service system. The ability of the service system to adapt is
dependent on its ability to detect and contextualise all the market and global dynamics in all their
variety and produce a diagnosis of viability. The implication is that within the detect function is the
ability to interpret dynamic complexity (Sterman, 2000, pp. 21-23) into an actionable diagnosis.
The function detects across the spectrum of variety from Global Markets, A, to the local market
environment, B, to internal service system dynamics, C. The underlying principle is that all three
detection points are required to maintain service system viability for both current and future markets
(Beer, 1985). Globalisation and digitalisation, in the outer circle, along with other global factors,
mtroduce change into the global economy, this is visualised as a rotating outer wheel, with its rate

of change represented by the rotational speed of the outer wheel.

This rate of change of the outer wheel, 111, through forces of adoption and influence, in turn, rotate
the next internal wheel, 11, at a specific rate. The difference in rotational speeds between the circles
is resistance to change, the difficulty of adoption or merely a delay to adoption. The systems I II and

III seek to minimise friction. What is important to note is that ‘friction’ is a feedback mechanism
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influencing the rotational speed of both III and II, and subsequently II and I. The other wheel does
not rotate at an ungovernable speed, there is feedback which can slow down all the wheels to a
stable system maintaining requisite variety and homeostasis. The entire system wants to maintain
homeostasis (Beer, 1985); visually, this is the wheels rotating atthe same rate. This complexity
absorption inertia is best illustrated through mnovative start-ups that crash even though having all
the noble creative ideas. In such a situation, System I rotated faster than II, which creates friction, or

residual complexity beyond the viability threshold required for the existence of the system.

The wheels, I IT and III, do not necessarily always have to be rotating atthe same speed as a
principle, but there exists thresholds of friction that could render the entire system, or sub-systems,
inviable. The idea of the models is to demonstrate the existence of global market dynamics, III, that
‘turns’ local market dynamics, II, which ‘turns’ the services system innovation. The ‘turning’ could
also be mitiated by the service system I to influence market dynamics. There is also feedback
between I and II. The model seeks to represent relevance as dynamic and influenced by external
forces beyond the current immediate market and also influenced by the service system itself, this is
also a good conceptual starting point in defining a viable triple embedment of the viable system.
The innovation of a service system could, in turn, create its demise in future by not being able to

keep up with the ‘rotational momentum’ it created.

The most inner circle represents the service system in focus, in this case, an IT service system. The
IT service system has to adapt to maintain relevance with the market it serves. This segregation, A
B and C, does not represent physical or value boundaries but is a proposed concept to the extent to
which the service system needs to detect a change to maintain sustainable viability. The Detect
function makes use of system dynamics (SD) models and real-time market information to articulate
trends and dynamics for translation into a residual variety. The detected residual variety initialises
the Design function or informs the Implement function depending on the ‘detect-response’ policies
in place. The Detection function has feedback from both the Design and the Implement function to
ensure that the function is relevantly refined and improved through change. In the next section, the

Design function is discussed.

3.23 Design Viable Service Systems

The objective of the Design Viable Service Systems function is to provide viable service system

designs looking at policies, structure, behaviour, technologies and other existing service systems.
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The design function can be iitiated by both the Detect function and the Implementation function.
This control is to ensure that viability is maintained through implementation changes and that there
is continuous validation feedback during implementation to redesign service system designs. Failing
to incorporate variety introduced through implementing change can also lead to un-managed
complexity. Establishing feedback mechanisms allows for managing change in such a way that

viability is not only achieved but maintained throughout the implementation of changes.

The Design function makes use of the TSM, VSM, MSC, VE and ASM to produce viable service
system model designs. The TSM is used to establish the networking structures that foster
collaborative, creativity knowledge creation and a culture of empowerment. The VSM prescribes
the required organisational structures to achieve viability in a system. VE and ASM are used in the
design process to analyse and assess complexity. The MSC defines and models, with the assistance
of SD modelling, the decision policies and controls the activities through feedback control

mechanisms.

324 Implement and Improve

The Implement and Improve function is responsible for implementing the viable system designs
from the Design function and systemic improvement as well. The implement is to ensure the
designs are implemented as informed by the urgency or priority evoked by Detect.

Detect not only detects residual variety but translates it to prioritised action to either redesign or
execute responses through systems that are implemented. Unresponsiveness from the implement
function may initiate a redesign. This control caters for the situation where the transformation
project underway is too slow to respond to market changes. Viability has to be re-assessed and
initiate new system redesigns. In cases where implementation is irresponsive, the Design function

could source resources from other service systems while maintaining service system identity.

3.25 Adapt, Innovate and Learn

The model also identifies three rates that determine the ability of the service system to maintain
viability, namely; adaption rate, innovation rate and learning rate. The adaption rate is the service
system’s ability to convert the specified residual variety from Detect to viable system model
designs. The innovation rate is the speed and efficiency at which the developed viable system model

designs are implemented. The learning rate is the ability of the service system to translate
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implemented changes in the service system into new knowledge and insights to refine viability
definition. The researcher proposes that the three functions, with the feedback loops between them
and conversion rates, are fundamental not only for establishing viable IT service systems but also

for maintaining viability sustainably.

The ISSM attempts to incorporate the valuable findings from researched models and frameworks
nto a unified, integrated systemic model for designing viable IT service systems. This model is
proposed as a model to design viable IT service system models that not only establish viability by
continuously adapt through a mechanism of Variety Engineering and homeostasis but also maintain
viability as the service system adapts to its dynamic market environment. The model makes use of
cybernetics models to contextualise and analyse viability for a service system, and redesigns/re-
engineers the service system to a state of sustained viability. The next chapters discuss the research

methodology applied for testing the application validity and reliability of the ISSM.
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4. RESEARCH DESIGN AND METHODOLOGY

4.1 Research Methodology

Following this study’s objectives, both qualitative and quantitative techniques are applied
depending on the objective in question, although a qualitative research approach is predominant. As
required in the first research objective, the research focuses on IT service systems structure and the
impact thereof on their ability to absorb complexities in their environments. To address this a
qualitative research approach is selected in investigating this phenomenon on IT service systems in
their natural setting with non-mathematical data analysis process. Qualitative methods are valuable
for investigating and exploring dynamic, embedded phenomena which cannot be adequately
captured by quantitative techniques such as in complex organisational behaviours and structures
(Cassel et al., 2018). Qualitative methods are utilised in identifying, classifying, diagnosing and
validating residual variety as prescribed by the viable systems approach. In this study, the
researcher selects qualitative research methods of inquiry for the first objective in the research as
they are especially suitable for investigating phenomena and exploring theory, frameworks, models

and development opportunities (Casselet al., 2018, p. 19).

Although the approach of inquiry is predominantly qualitative, quantitative methods are more
suitable for analysing business reports and developing systems dynamics models and quantifying
residual variety in line with the second research objective. The focus of this research for the second
objective of the research will not be on the qualitative analysis of the models prescribed, but rather
in using the model results in accurately defining determinants and design elements constituting a
viable IT service system design. The required quantitative data is summarised to present qualitative
characteristics of the IT services system and validated through focused interviews and
mterdisciplinary workshops (Creswell, 2009; Jabareen, 2009; Flick, 2014; Patton, 2015).
Qualitative methods are then used to quantify variety for Variety Engineering Analysis and in

statistically summarising the data input into the developed System Dynamics model.

In this study, multi-disciplinary workshops and focused interviews are recommended by Beer
(1966) for the practical application of operational research (Harnden and Leonard, 1994) when
applying the viable systems approach. System states, perturbations, capabilitics and constraints are
allocated to classifications using indexing in a versatile mind mapping tool, Mindjet MindManager

2019. Some quantitative analysis is then done in Microsoft Excel to statistically summarise
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retrieved data from the support systems and business reports. Having collected all the information
and data from the workshops and focused interviews, the proposed ISSM is then used as a

conceptual model for determining key determinants in designing viable service systems.

4.2 Process ofthe Research

The process of the research involves the use of data gathering from various systems, individuals and
teams regarding their processes, procedures and performance. Figure 12 presents the research logic

that is applied.

Collection of o jorcons) KPisand | . Collection of
/ Perturbations Data, Interviews s Competencies Data,

Classification of - Classification of
I e VSM Classifications $--------------wwmmomoee .
Perturbations , , Competencies, ,

Conduct Variety Engineering R
—————>| Analysis to determine K———
Residual Complexity ,

Alignment of
Structures and
Performance
Management

1

Provide Service System
Design Mind Map to
Management for
Implementation and provide
in research report ,

Tools

Microsoft Excel 2016 and
MindJet MindManager 2019’

VSM Approach e, wsc, rswy and Charts?
Corel Draw 2018 for templates
MindManager 2019 for analysis

Is the Service
System Viable?,

1. Determine the state of viability in the current IT service systems }7

k1.

System D(r?aorll?c?l\jjdelin with Use Vlable Systems ApproaCh
YS! Monte Gario simuiation to Develop a Viable System
J Model for Service System,

Periodic review required for dynamic environments

l

Perform Homeostatic Loop
Analysis to determine \
Transducers, Channels, R
Attenuation and Amplification
Mechanisms, ,

|

\ no Is the Service yes J
System Viable?, ,,

2. Provide a Viable Design for the analysed IT Service System

Figure 12: Research Project Logic Flow and Tools

Due to the diagnostic approach of the research process, the research project investigates the Cloud

offerings already existing in the company for over two years for the following reasons, the service
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is to have enough historical data, expertise and knowledge within the organisation regarding the
delivery of the service, and in the timing of this research project, the cloud business was of

significant priority to the company.

4.3 Determining the state of viability in current IT service systems in South Africa

The first objective of the research process is to diagnose the viability state of current IT services
systems in the industry. Initial diagnosing the state of viability is to ensure early selection of cases
in which redesign is necessary. The VSA approaches system design from a complexity diagnosis
perspective interrogating organisation viability definition and structure. This is done by assessing
whether the variety presented by the environment within which the system of interests operates and
the variety absorbed and presented by the system operations, is absorbed entirely by its
management systems (Espejo and Reyes, 2011, p. 52). A diagrammatic presentation is in Figure 13.
This process is called Variety Engineering (VE). Ashby’s law of requisite variety prescribes that the
complexities of the managed system and the managing system are to balance to achieve viability

system design (Ashby, 1958).

Performance

Perturbations “P” criterion

Responses “R”

Situational Complexity Individual Complexity = 8
= 6 {Pa,Pb,Pc,Pd,Pe,Pf}

Figure 13:Managing the Complexity of a Situation (Espejo and Reyes, 2011, p. 52)

An imbalance in complexities, specifically in the case of a higher complexity presented by the
managed system, means the managing system is incapable of controlling the system under
management (Ashby, 1958; Espejo and Reyes, 2011). Complexity in the context of the law of
requisite variety is scientifically quantified as Variety. Variety is the number of possible states of a
system (Ashby, 1958; Beer, 1985).“When observing a system from the outside, we may compute its

variety as the number of possible states of the black box we use to describe it. Its complexity, on the
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other hand, is the number of outcomes (dynamic states), that we can distinguish over time.” (Espejo

and Reyes, 2011, p. 40)

The ‘black box’ in the statement by Espejo and Reyes (2011) above is a conceptualisation of any
system as an abstract state machine. This method is an effective method for determining the
viability of a system by calculating system complexities, what Ashby (1958) refers to as varieties.
Complexity is how much of the system variety is exposed over time (Ashby, 1958). Initially in
defining the ‘black box’, it is to be assumed that all the system variety is exposable and identifiable
(Ashby, 1958; Beer, 1972, 1985; Boeger and Stark, 2003). To perform this analysis mitially, two
sets of data are required; the perturbation or disturbances, which increase variety; and responses or

capabilities, which absorb, attenuate and amplify variety.

43.1 Sample of Participants

The participants in this study are selected from the VAD and six strategic partners who possess
strategic knowledge, management knowledge and technical knowledge on the service systems
under consideration. The selection criteria were based on ensuring that multidisc iplinary
perspectives are considered during service system design. The participants include four company
executives, eight senior management, four business unit managers, four service delivery managers,
six departmental managers: financial manager, marketing manager, compliance manager, operations
manager, I'T support manager, business intelligence manager. Participants also included service
engineers, pre-sales engineers, support desk staff and selected strategic partners comprised of
companies that transact with the VAD); these were six companies in total. There was thirty-one
participant in total in the study. In the workshop sessions participant were grouped into teams of
five and six while ensuring comprehensive coverage of multi-functional contributions per team.
Two, work week-long, workshop sessions were conducted. The sessions totalled ten days. The
workshops covered all service system design and management of all IT services currently provided

by the VAD.

43.2 Data collection for Perturbations and Capabilities

The data sources for this research are from within a leading VAD in the South African IT industry.
The VAD is a pivotal source of data and information because VADs play a critical role in

providing, managing and aggregating IT services to a reseller community in South Africa. This
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provides both breadth and depth of knowledge across multiple IT service systems in South Africa.
Three years’ worth of data is collected and presented in a statistically summarised for
confidentiality. The information is presented in a mind map. Discretion is exercised on the level of

detail on data provided.

Interviews with the VAD service engineers are used where information is not attainable from
business systems. Initially, the information required is the various perturbations that exist from
providing IT services in South Africa. The objective is to capture the unique types of perturbations
(Espejo and Reyes, 2011, p. 52). The number of occurrences at this stage is of little relevance but
are considered when further analysing the residual variety in system re-design. In the system
redesign stage, quantitative methods such as system dynamics modelling, are used to model the
complexity presented by the residual variety and the likelihood of their occurrence. Perturbation
data are collected from support ticket systems, development team reports and market performance
analysis. Structured Query Language (SQL) is used to query the IT service support system and the
digital platforms to attain all the support ticket information and market performance information.
The data are verified with ticket requester to confirm that the support request was captured

correctly.

The collected perturbation data and information are statistically summarized in a way that protects
company information and then inputted into Mindjet MindManager 2019 for qualitative analysis, as
demonstrated in Figure 14. MindManager is a mind mapping software with the capability to index
items, apply smart filtering, edit topics to defined sets of rules, perform calculations and allocate
items to classifications, topics and categories amongst its project management capabilities (Mindjet,
2019). MindManager was selected over other tools, such as Microsoft Excel, because of its ease of
use and flexibility which allows for the effective capturing and categorisation of ideas and
discussion topics. Nevertheless, Excel was used to analyse the support ticket data and to provide

summary statistics.

Capability information is obtained through focused interviews with management staffin charge of
the service systems and the performance management systems that are in place. In addition,
employed skills and expertise also form part of the service system capabilities information.
Capabilities are allocated into classifications on the VSM Model. The importance of key
performance indicators (KPIs) when defining service system capabilities is based on the principle

that “you can only manage what you measure’ (Ashby, 1958). Capabilities cannot be defined as a
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capability unless there is a KPIin place that measures it. A perturbation is not detectible if there is

no KPI i place to detectit. Where a perturbation critically impacts a critical success factor, then the

system presents residual variety. The collected capability data and information is equivalently

summarised in a way that protects company information and then inputted into Mindjet

MindManager 2019 for qualitative analysis.
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Figure 14: MindManager 2019 use of Indexes and Smart Rules for Qualitative Data Analysis
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Qualitative Data Analysis

Once the perturbations are collected they are grouped into classifications of root cause analysis

categories and the service system configurations they originated from. The first categorisation is the

service configuration from which they originate. The perturbation root cause is the second

categorisation. This is important because only taking the face information from the support case

assumes that the requester understands the problem. Root cause analysis is conducted ensuring

accurate allocation of perturbation into the exactroot cause. This is to ensure that classifications are

created whenever a new type of perturbation root cause is identified. All perturbations gathered

from the various systems and interviews are to belong to a classification accurately representing the

complexity and nature of the perturbation.

A MindManager mind map, example in Appendix D —Mindjet MindManager Map with

Classifications and Indexes, is used to list all the perturbations identified and their classifications.

Thirdly, the perturbations are analysed on whether a capability exists in the service system for a

response or not. Perturbation-response analysis is done through the use of indices in the

MindManager tool. The perturbations that are left unallocated tackled by providing a conceptual

viable service system design for their service systems. When these unallocated perturbations
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critically affect the performance of the service system, they represent residual variety as presented

in Figure 15, which is dealt with in detail in section 6.3 (Espejo and Reyes, 2011, p. 69).
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Figure 15: Residual Variety in an Organisational Context (Espejo and Reyes, 2011, p. 69)

4.4 Validity and Reliability of M easure ment

The data collected in this research assumes that the data supplied by sources are accurately
captured. It is difficult to verify the accuracy of data for every service. Where information seems
unclear or incomplete, interviews are conducted for clarification and verifying what is understood
from the data. This helps improve the validity of the data collected. It can also be appreciated that
the person interviewed might not want to share specific sensitive information. In such cases, they
are informed that summary data is used. The research assumes that this information is accurate and

valid where details cannot be divulged.

An example of summary data requirements needed to analyse complexity is provided in the study of
the criminal court system in Bogota, Columbia (Espejo and Reyes, 2011, pp. 53—54). This example
demonstrates a sufficient level of information required to perform viability engineering and
complexity management can be attained even where the details on the instruments used to attain the
information are not provided. It is therefore assumed, due to the mitigated sensitivity of the
information provided, that this information canbe solicited from departmental managers who are

willing to share the information.

This research uses focused interviews and multidisciplinary team workshops with service engineers,
staff and management to attain information that would otherwise be limited, unreliable, restricted or
maccessible. Focused interviews and workshops provide high validity because participants can

discuss issues at depth and interrogate assumptions and information from systems. In the interviews

and workshops, the researcher’s role is to facilitate proceedings and to pay careful attention in
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providing open-ended questions for discussion that do not lead to a premature solution while
maintaining neutrality in probing for more information on topics discussed (Patton, 2015). The
research in this study attempted to maintain neutrality by providing open-ended questions, such as
“are there challenges that you are facing in delivering your services?”, for focused interviews and
workshop, and the researcher fulfilled the role of teaching the techniques and tools as a facilitator in

the workshops.

In the literature review, it is noted that the viable system model concepts might be difficult to grasp,
training is provided to the participants to effectively use the cybernetics concepts to define and
analyse current service systems from a complexity management perspective. A high-level one-day
introduction and training session is conducted in the kick-off workshop. The introductory training
session provides participants with basic training on systems theory, the VSM, MSC and TSM, the
principles, cybernetic concepts and techniques. Exercise examples of translating systems into states
using simple systems, such as a watch, are also provided for practising the application of the

techniques.

Although challenges are presented regarding repeatability and reliability because participant
contributions are unpredictable, focused interviews and workshops yield in-depth responses about
experiences and knowledge that is unattainable from information systems alone. To achieve
mtegrity and validity on qualitative data collected, the researcher utilises qualitative research
guidelines provided by Patton (2015) in designing the open-ended questions such that participants
are allowed to respond in a way represents their viewpoint while using probing questions to gather
more information on feedback provided. This research will also make use of field observations,
mind map visual models and simulation models to understand further the complexities in the topics

discussed.

While this approach to data and information collection poses clear limitations regarding the
reliability of data, several assumptions were made to assist the study. These are further discussed in
the subsections below.

44.1 Validity and Reliability of Perturbation Measurement

Perturbation information lives in support case or ticket systems, customer feedback databases and

market performance information. Once collected, the perturbations are identified and are allocated
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to six categories in workshop sessions. Perturbations can be identified in support ticket systems as
open tickets that remain unresolved, resolved tickets transgressing service level agreements, the
customer expressed frustrations that do not have a KPI for measurement and customer expected
capability lacking in the service system. Other perturbations remain undetected until reflected
through customer loss. Therefore, sales information is also studied. All the noted perturbations may
impact severely on the IT service system viability. Classifications must capture all perturbations

that can exist in an IT service system under study.

Perturbations will fall into the following six categories: (1) Market/Environment absorbed. These
are known perturbations that are not absorbed by the organisation but instead left to be absorbed by
the market or environment. (2) Absorbed by another service system in the ecosystem. These are
known perturbations that are allocated to another system service system to manage with monitored
KPIs and Service Level Agreements in place. (3) Absorbed by Service System Operations. These
are perturbations absorbed through operational technologies, sub-systems, processes and people in
the organisation. (4) Absorbed by Service System Management. These are known residual
perturbations that cannot be absorbed by the environment or the operational system for practical or
financial feasibility reasons. Decision policies are in place to manage or mitigate the risk of such

cases individually as they arise.

The perturbation is expected, and the risk is defined and measurable but does not justify dissolving
the service. Service System Management absorbs the residual variety here. (5) Known Residual
currently under consideration for design. These are known residual perturbations with projects in
progress to absorbing such perturbations. The implementation canbe either through other service
systems or in operations, and (6) Unknown Residual requiring further research or root cause
analysis. These are perturbations picked up through analysing market performance, customer
retention rates and revenues. These present a discrepancy to expected forecasts and plans. These

would still not be defined as yet but are detectable.
Once residuals are collected and categorised in MindManager a cross-functional team of company

management is asked to validate the perturbations. They do a root-cause analysis of the

perturbations using Ishikawa Charts and other soft systems thinking rich picture tools.
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44.2 Validity and Reliability of Capability Measurement

Archetypes are reusable representations of the best way to model commonly found cases or
challenges in various industries (Sterman, 2000; Akkermans, 2018). Some system dynamics (SD)
archetypes are presented by Akkermans (2018) and Sterman (2000). One model that is of high
relevance for this researchis the ‘generic service system’, as seenin Figure 16 provided by
Akkermans (2018). Utilising tools such as mind maps and SD models helps in the facilitation of a
collaborative process for delivering an accurate and reliable definition of organisational capabilities
(Meyers, 2009, pp. 665—688). An mterdisciplinary team of business unit managers, presales
engineers, support and operations, are invited to the service system capabilities workshop
discussions. A high-level system dynamics CLD of the service system SD model built is provided

to validate assumptions underlying the definition of capabilities and the feedback loops involved.
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The researcher’s role is to teach the tools to selected teams; collect and consolidate all relevant
documented procedures and KPIs in the organisations, facilitate the workshops and develop the
models that present the dynamic systemic behaviour capturing the assumptions made during the
sessions. The researcher is responsible for developing system dynamics causal loop diagrams
(CLDs), developing systems dynamics models, producing functional behavioural decomposition
models, the collection of the data and information required to build these models and the

verification and validation of these models with relevant departments within the businesses.

These activities help in improving the validity and reliability of data collected by utilising visual
modelling tools that ensure consensus, understanding and interrogation of assumptions while

accommodating for multidisciplinary perspectives.

443 Collection of Perturbation and Capability Date Challenges and Considerations

Diagnosing a requisite variety of an operational service system begins with juxtaposing the
capabilities that are required to provide the services against the perturbations that are presented in
its operational environment (Espejo and Reyes, 2011, p. 52; Beer, 1972; Ashby, 1958; Beer, 1966).
This is called Variety Engineering (VE). VE diagnosis is conducted first because the service system
could be viable. Conducting the diagnosis first ensures that service system redesigns are not
prematurely done unless the residual variety is detected (Espejo and Reyes, 2011). It is important to
note that capabilities and perturbations are kept to date in dynamic environments to ensure the

service system maintains relevant to the market (Schwaninger, 2009).

The challenge in maintaining consistent data regarding all capability and perturbation data is that
every individual within the organisation has differing views, interpretation and understanding of the
service systems’ viability. A collections method used in this study had to overcome the following
challenges: Perspectives differ regarding the performance of a service system, therefore the
capabilities required and measurement of capability are different depending on who is being
mterviewed; Defining the capabilities or perturbations of a service system requires a
multidisciplinary approach and involves multiple perspectives; Although capabilities are
quantifiable, i.e. revenues, perturbations presented by a dynamic industry and market are not easily
quantifiable due to lack of data or non-quantifiable contributors and; Capabilities in the services
system are not all well documented. The documentation of these capabilitiecs would take much

longer than the planned duration of the research. Itis essential to provide a method to define variety
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before embarking on an exercise of business process modelling and documentation so that variety is
detected early and drives business process engineering and documentation rather than being subject

to it.

To overcome the challenges noted above, the following research tools and instruments for capturing
capabilities and perturbations are used in this research: Rather than use isolated individual
mterviews to define capabilities and perturbations, a workshop-style approach involving
multidisciplinary key roles is adopted to obtain multiple valuable perspectives. To effectively
capture varied perspectives and establish consensus, mind mapping tools and soft system
methodology tools are used during these sessions; Perturbations and capabilities are justified by a
measurable Key Performance Indicator and supporting data as far as reasonably possible. To ensure
that this was fulfilled rather than capturing opinions, data are used to validate the ability to detect
the perturbation or measure the capability performance; To cater for perturbations that are not easily
quantifiable (i.e. the probability of a competitor), states are used in defining the perturbation
indicator in two variables, namely current state and trajectory both presented as either desirable or
undesirable. Defining system states this way allows for accounting for the variety even when the
historical data does not exist for quantification and; rather than using detailed process
documentation to define capabilities, a higher-level abstraction of capability is proposed. A
capability is defined with a monitored performance indicator and corroborated by an expressed
statement of the ability to have transitioned through an undesirable state to a desired one. This
method of defining capability allows for the synoptic view of services systems as prescribed by the

fourth principle of the VSM subsystems.

444 Validity and Reliability of Residual Variety Measure ment

Variety Engineering (VE) is a mathematically calculative method used to identify residual variety
(Ashby, 1958; Rios, 2012). This is done by representing the service system as an abstract state
machine (ASM). System capabilities or responses are defined as abstract-state-machine transition
functions of the service system. The ASM representation of the service system is visually
demonstrated as a ‘black box’ with inputs and outputs as discussed in Section 8.1. Variety is the
combination of all possible ASM states in the service system, which is calculable. Defining all the
possible inputs and outputs from a real industry service system presents an infinite amount of
system states. A practical ASM definition simplifies systems to abstract calculable states at a useful

granularity while maintaining the completeness of system representation (Boeger and Stark, 2003,
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p. 12). A state variable is one of a set of variables that are used to describe the mathematical state of
a dynamic system. In defining a system state, a state of a system needs to describe enough about the

system to determine its current state and its future behaviour concerning other system states.

System states in ASMs are defined such that a system can only resemble one state at a time and the
system is defined as a cohesive set of system states adhering to cybernetic systemic closure (Ashby,
1956, p. 11). System states are defined as mutually exclusive such that they are uniquely

identifiable and to also ensure that specific action is taken to return the system to the desired system
state (Beer, 1966). In conducting the workshops, it was useful to begin understanding the system by
defining system states for analysing expected service system capabilitiecs and areas of concern. As a

result, service system inputs and outputs are defined, and an ASM is defined.

Boolean vectors that can take two variables, namely, current state (S) and trajectory (T) are used.
These variables were agreed upon by the service teams. The diagrammatic representations are
available later in the report in the results section. Nonetheless, the management teams decided on
both the current state indicator and a trajectory state indicator. The defined system states make it
more natural to quantify system variety to a level of granularity usable to a broad multidisciplinary
audience. This also allows a calculation of a state variable to be defined as ‘desired’ instead of
providing a target value because the value can change. Desirable accommodated for a multi-

variable regulation of homeostasis.

The abstraction of states when defining desired and undesired states provide a tool to effectively
mtegrate the analysis and the design of complex systems (Boeger and Stark, 2003). This method of
describing a machine is known as Abstract State Machines (ASM). There are proven cases of its
application in Software Engineering in translating sophisticated business requirements to intricately
mtegrated system states (Boeger and Stark, 2003). The method provides a precise framework to
communicate and document design ideas while using cybernetics for an accurate translation to a

quantitative representation of complex systems (Boeger and Stark, 2003).

Using ASM, the variety of the system is calculable for VE. The matrix in Figure 17 is mapping
disturbance (D) against response (R) and a set of possible outcomes (Z). Conceptually perturbation
or disturbance changes a system state to an undesired state. A capability or response is then required
to return a system to the desired state or a more desired state. The details in the mechanisms and

processes used in doing the transition are not of concern in this type of cybernetic analysis. These
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mechanisms are abstractly defined as transforms or ‘machine with input’, allowing for a systemic

understanding of a system’s behaviours (Ashby, 1956).
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Figure 17: Disturbances and responses matrix (Ashby, 1958)

“...cybernetics typically treats any given, particular, machine by asking not ‘what individual act
will it produce here and now?’ but ‘what are all the possible behaviours that it can produce? Once
all the possible behaviours are identified, decision policies and measure can then be put in place that

considers all possibilities concerning the risks they pose.” (Ashby, 1956)

A modification, in Figure 18, of a disturbance and responses matrices, is used for checking whether
adequate responses are put in place to cover all possible disturbances or perturbation (Ashby, 1956;
Ashby, 1958) thus establishing viability.

Disturbances and Perturbations Responses and Competencies
System States System States
Original System State —| S1 Sz___& Original System State — 2 & &
ww D1|[Sz S2 Ss e R1|S2 S8 Ss
S8 05
% D2|Ss S2 Se £5 Re|S1 S2 S
£ a0
Z £ D3|[S1 S2 Sw é%Ra&&&
el 3
Ds|S1 Se Se © Rs4|Sz S Se

Figure 18: Linking disturbances and responses to system states

“Cybernetics envisages a set of possibilities much broader than the actual and then asks why the
particular case should conform to its usual particular restriction. In this discussion, questions of

energy play almost no part — the energy is simply taken for granted. Even whether the system is
closed to energy or open is often irrelevant; what is essential is the extent to which the system is

subject to determining and controlling factors. (Ashby, 1956)

Capabilities are transformation vectors that can transition a system from an undesired state to the
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more desired one; perturbations do the opposite. In Figure 18, some hypothetic system states are
defined (S1...Sn). Some of these system states are desired, and some are not. The undesirable
system states are underlined. A disturbance or perturbation transitions a system from the desired
state to an undesired one, whether it permanently or temporarily depends on the systems’ ability to
recover and maintain homeostasis. A list of disturbances (D1...Dn) is listed on the left matrix along
with the resultant system states that are resulted from the disturbance. On the matrix on the right, a

list of responses or capabilities is listed along with their transitions of system states.

A transition function is a mathematical representation of an abstract state machines’ transition. In
the case of capabilities, they are functions that can maintain the desired state over time or moving a
system from one state to a more desirable state. On the other hand, perturbations (disturbances) are
functions that transition a current state system to a less desirable one or maintain an undesired state
over time. In analysis both the disturbances matrix and the responses matrix system recovery state

transition paths are produced as in Figure 19 (Beer, 1985).

R3 R2

Figure 19: Recovery path from system state S9 to S2

4.5 A reliable method for identifying Residual Variety

The definition of the service system ‘black box’ allowed defining current service capabilities in line
with what was expected from services. System states can now be defined, and capabilities can be
mapped against the system states. Capabilities are transition states that either maintain a system in
the desired state or moving it from an undesired one to a more desired one. Disturbances and
perturbation, on the other hand, move transition the service system from a current state to a less

desired one (Ashby, 1958; Stafford, 1966).

Classification of service system capabilities is now classifiable into cybernetic terms and allocable
to the VSM model in terms of accountability. Mindjet MindManager 2019 and Excel 2016 are used
to allocate capabilities into classifications. Cybernetics states were converted to statements using

MS Excel, which service management could understand then in standard English language terms.
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This made it simpler for the management to recognise areas of residual variety at a later stage when
conducting Variety Engineering by juxtaposing capabilities and perturbations against the system
possible system states. MindManager was used to allocate visually, through dragging and dropping,
capabilities to the VSM systems and listing accommodated system states.

Using this method was very useful in identifying service system residual variety by involving
multidisciplinary teams in workshops. The result is a mind map containing all the capabilities
linked to system states, with their detailed descriptions in MS Excel, as demonstrated in Figure 20.
Now Variety Engineering canbe conducted. One, full workday, variety engineering workshops

were held.
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Figure 20: Using MS Excel and MindManager to Capture Capabilities and linking them to the

Service System States

4.6 Principles applied in providing a conceptual design for viable IT service systems in
South Africa

Having identified the IT service system configurations with residual variety, service system
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redesigning is conducted using the VSM. The VSM approach makes use of charts such as the VSM
charts and the Homeostatic Loops Analysis chart to produce viable systems conceptual designs.
The process is systematic with iteratively applied principles throughout (Beer, 1985). The VSM is
used to analyse and design a viable model with a design recommendation of each service
configuration case. Exclusive mterviews are conducted in cases where information is not available
in documented best practices or research literature. One example is ascertaining the transducers that
are currently used in the business. Interviews can ascertain useful information if no data, literature
or documented solutions are unavailable. Three, full-day, service redesign workshops were

conducted applying the following VSM organisation principles (Beer, 1985):

4.6.1 The First Principle of Organisation

“Managerial, operational and environmental varieties diffusing through an mstitutional system tend

to equate. They should be designed to do so with minimal damage to people and cost.” (Beer, 1985,
p. 30)

Quantification of variety is required to uphold this principle. The Variety equations is used to
determine varieties presented in the service system analysed. The approach is to view the service
system as a ‘black box’, or ASM, with inputs and outputs. In Figure 21 there are two nputs and
each can take on two variables (0, 1). Using Equation 1 the variety of the system is 16. This means
that there are 16 different possible states the system cantake on. The 16 different states are

presented as rows in Table 4.

(0,1) (0.1)

(0,1)
Figure 21: Variety Calculation Example

Using this example, systems can be abstracted as ASM with discrete inputs and outputs with the

mtent of quantifying the variety of the system. Variety can be calculated using Equation 1 or
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Equation 2, below.

Table 4: Table of possible system states

Inputs: 00 01 10 11
0 0 0 0
0 0 0 |
0 0 | 0
0 0 | 1
0 1
0 1
0 1
0 1 1 1
0

1
1
1
1 0 1 1
|
1
1
1

Equation 1: Variety Equation 1 (Espejo and Reyes, 2011, p. 39)

V=M
Where:
V = variety of system
n = number of inputs in system m = number of outputs in the system

p = number of different values an output can take g = number of different values an input can take

Equation 2: Variety Equation 2 (Schwaninger, 2009, p. 12)

nXxn-—1)
2

V=mX

Where:
V = variety of system
n = number of elements

m = number of relationships between each pair of elements

To ensure the reliability of findings, all calculations are provided along with mathematical system
state models and diagrams. Experienced IT service engineers are presented with simulation
‘cockpit’ type environment using a system dynamics model for validating service system design

challenges. The Goldsim software is used for dynamically modelling service system behaviour and
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complexity.

4.6.2 The Second Principle of Organisation

“The four directional channels carrying information between the management unit, the operation,
and the environment must each have a higher capacity to transmit a given amount of information
relevant to variety selection in a given time than the originating subsystem has to generate in that

time.” (Beer, 1985, p. 45)

This principle ensures that variety is not lost, or does not go undetected, in transmission or through
transducers. All communication, calculation and conversion mechanisms in the organisation are

required to carry all variety presented by the systems under management.

4.6.3 The Third Principle of Organisation

“Whenever information is carried on a channel capable of distinguishing a given variety across a
boundary, it undergoes transducing; the variety of the transducer must be at least equivalents to the

variety of the channel.” (Beer, 1985, p. 47)

This principle ensures that all reporting mediums do not introduce ‘noise’, information delays or
reduce the information being communicated. Reports are to present all the variety of the

information being reported in near real-time as practically possible. Practically this implies the
implementation of business mtelligence tools, real-time analytics and automated messaging.
Reports must allow the user to design the report to present the information as best suited for the
analysis being conducted and provide the ability to apply parameters variables in the report to
conduct useful analysis. The transducer, reporting tools, must at the least be able to cope with all the
volume and variety of the information being transported and processed. This principle is applied in

designing effective reporting and information processing system in the IT service system.

4.64  The Fourth Principle of Organisation

“The operation of the first three principles must be cyclically maintained in preventing oscillation
through time without hiatus or lags. In homeostatic loop analysis, quantitatively enunciated

homeostatic loops help deal with this variety: between blocks; along channels; across transducers
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and with the whole process exhibiting appropriate cyclical dynamics.” (Beer, 1985, p. 71)

“Homeostasis is that feature of an organism which holds some critical variable steady within
physiological limits. The most usually quoted example is blood temperature. Whether we work in
the refrigerators of a meatpacking station, or on the melting-shop stage in a steelworks, our body

temperature remains 98.4° Fahrenheit.” (Beer, 1966)

This principle prevents cyclical deviations from targets created by reactive or uncoordinated
responses. Second-order learning and feedback mechanisms that consider internal service system
dynamics need to be put in place to coordinate activities to maintain internal systemic homeostasis.
This principle is applied through ensuring the service system decision policies are tested in SD

models and implemented through the correct structures to achieve service system homeostasis.

In The Brain of the Firm, Beer (1972) applies the viable system model in a government context to
mstall a prelimnary system of information and regulation for the Chilean industrial economy. Beer
intended to demonstrate the main features of cybernetics management to assist in the task of
government decision making in 1972. In this process, Beer established five VSM subsystem
principles, modified here to the application on service systems, in designing each subsystem, which
is also applied in this research for re-designing service systems containing residual variety (Beer,

1972).

The subsystems are presented in the same sequence presented in The Brain of the Firm (Beer,

1972).

4.6.5 The First Subsystem Principle — Subsystem$

“Subsystem 5 within a service system governance cannot be elite, and it is to be the embodiment of
the values of the other services and services systems themselves.” (Beer, 1972, p. 288)

This principle prevents governance systems subjecting the system to compliance contradictory to its
identity or viability. There must be self-reference of viability at the governance level. This design
principle implies that System 5 be aware and representative to lower embedments and lower
subsystems. In practical terms, the principle is applied by ensuring that service system management
and leadership be representative to service system values, identity and ethos. Service system

leadership must ‘walk the talk’ and have empathy. The decision policies that System 5 applies must
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contain accurate reference models closely resembling the internal mechanisms and complexities

existing inside the service system.

4.6.6 The Second Subsystem Principle — Subsystem?2

“The speed of the response in an essentially lagged servomechanism is critical. Subsystem 2 is to

ensure anti-oscillatory feedback control.” (Beer, 1972, p. 288)

This principle is applied in designing effective, ‘as real-time as possible’ reporting and information

processing systems in the IT service system.

4.6.7 The Third Subsystem Principle — Subsystem 1

“Variety engineering enables us to design homeostatic subsystems that obey the Law of Requisite
Variety and determine a recursion of metasystems. These homeostatic sus-system preserves the
autonomy of Subsystem 1 subsystems and while maintaining a structural fractal recursion.” (Beer,

1972, p. 288)

This principle is applied through creating competencies and capabilities that absorb specific
complexity. Autonomy must not be seen as hierarchically static, but through complexity
management, organisational structures must permit be self-organising to tackle residual complexity
as and when it arises. Structural adaption is a vital mechanism to absorb complexity. This principle
is applied in establishing an organisation structure while allowing self-organisation and adequate

autonomy.

4.6.8 The Fourth Subsystem Principle — Subsystem3

“Command is matter neither of wielding authority nor of overloading the central axis with variety-
attenuation regulations. System 3 delegates authority and accountability to the elemental level and

looks for synergistic advantage by taking a synoptic view of System 1.” (Beer, 1972, p. 289)

This principle ensures that there is a coordination function in the service system that promotes
synergy between service subsystems. This principle was applied in recommending scheduling and

business process management tools to coordinated activities that require involvement or

52



participation of multiple service subsystems and recommending regular meetings that cross-
pollinate knowledge and information across service metasystems to service subsystems, and

between service subsystems.

4.6.9 The Fifth Subsystem Principle — Subsystem4

“Special attention is necessary to Subsystem 4 otherwise, Subsystem 5 identifies with Subsystem 3.
A transgression on this principle will result in the whole cerebral meta-structure collapse instead of
adapting and self- determination, and if that happens we are left with crisis management, the lack of

proactive adaptive management.” (Beer, 1972, p. 289)

Second-order learning and feedback mechanisms that consider internal and external service system
dynamics need to be put in place to coordinate activities to maintain both internal systemic
homeostasis and service system relevance. This principle is applied through ensuring the service
system decision policies in Subsystem 4 are tested in SD models and implemented through the

correct structures to achieve service system homeostasis through proactive adaptive management.

4.7 Ethics
Ethics clearance for this research was obtained, which included consent from participants of this
research. Company permission was also obtained to use aggregated qualitative information for this

research.

The University of the Witwatersrand ethics clearance number for this research is MIAEC 061/18
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S. RESULTS

51 Responses from Capabilities and Perturbation Questionnaires

Firstly a Capabilities Questionnaire (available in Appendix G — Questionnaire used on focused
interviews on assessing Capabilities and Competencies in IT Service Business Units and
Departments) was used in focused interviews with business unit managers from each service system
and other selected participants. Then a Perturbation Questionnaire (available in Appendix H —
Focused Interview Questionnaire for Service System Perturbations) was used in focused interviews
with business unit managers from each service system and other selected participants. Four
executives and three senior managers, three business unit managers and two principal partners were
mterviewed in person (a sample of one of the nterviews is available in Appendix J— Focused

Interview Questionnaire for Service System Capability).

These individuals were selected based on their strategic and current responsibilities on growing the
cloud business in the organisation. Pseudo names such as Executive 1 and Vendor 1, and so forth
are used to protect the identities of individuals and intellectual property of the businesses. Having
captured the interview data, when analysing the responses, common issues were evident across all
service offerings, which were also validated in the workshops that followed. The recurring

expressed challenges in delivering the IT services were the following:

e “Resellers are complaining about billing discrepancies on the platform resulting in refusal
of payments. Non-payment impacts profitability.” This point canalso be seenin supporting
summary statistics (in Appendix L — SaaS Service System Support Ticket Volume
Contributions).

e “Certain functionality in the portal is cumbersome and results in Resellers calling in rather
than using the platform. This nundates support and specific staff within the service
business units.” This was also supported by support ticket data.

e “Reseller and partners easily move their transactions to other VADs or go direct. Customer
churn is concerning as it results in an abrupt loss in the cloud business. Once the customer
leaves, it’s hard to get them back” This canalso be seenin reported revenue drops per
customers.

e “Resellers do not understand their invoices and various charges in their billing, as a result,
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they call in, and I direct them to support since I do not know how to help them.” This is

also seen in summary statistics in Appendix L.

e Internal staff supporting the backend platform manual processes were under much pressure
and complained to their management. Some expressed their frustrations in the workshop
sessions that followed.

e There was a common perception that more staff was required to either support the platform
or develop better features.

e Sales teams did not know how to generate demand for cloud business through their calls
and customer meetings. This was experienced even at partners.

e Most of the support queries took weeks to resolve going back and forth between
departments. Ticket resolution times were long, and there were high repeat occurrences.

e Partners wanted specific vendors on the platform, and the Digital Team was taking too
long to avail these vendors on the digital platform.

e One Business Unit Manager was complaining about why it was taking so long to build a
platform for his vendor.

e Some service managers proposed that processes needed re-engineering and KPIs realigned
to support and incentivise prioritising the cloud business as opposed to traditional licensing
models. Currently, cloud business was not a priority because sales and operations were not

mcentivised on it.

5.2 Abstract State Machine (ASM) de finition from service system workshops

The results from the workshops discussing the service system challenges produces the ASM
definition of the system presented in Figure 22. Three nputs are defined, each taking on a set of two
Boolean variables. The first variable (S) presented the current state of that input to be either
undesirable ‘0’ or desirable ‘1°. The second (T) presented whether the trajectory or current trend

line of the mput is ‘0’ undesirable or ‘1’ desirable.

On the output side, sustainable profitability was the single output defined by the workshop
participants. Conversations also made mention of customer service, but the consensus was that this
was inclusively measured in Integratability as the B2B model that meant the VADs customers were
service-based. These state variables had very sophisticated calculations behind them, but they
reflect the granularity and comprehensiveness of performance indicators that executive management

use to allocate funds into the service system.
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Even with the few variables, the resultant variety was 256 system states, also called variety (Ashby,
1958), of which 132 were undesirable, and 118 were residual, (details in Appendix Q — Service
System States). Using Microsoft Excel to list all the combinations of mputs and outputs that were
obtained from the results of the workshop. The ASM mputs the workshops came up with are
Available Market, Adequate Investment and Resourcing, and Integrability to Other Service Systems
while the output was Sustainable Profitability. The inputs and outputs are discussed in more detail

in the discussions section.

Integrability Adequate
toother Investment Available
services Resourcing  Market
(S,T) (S,T) (S,T)

IT Service System

Variety

Outputs

Sustainable
Profitability
(871)

Figure 22: 'Black box' presentation of the Viable IT Service System from Executive Management

workshops

It is worth noting that using the variety calculation from Espejo (2011), Equation 1, a variety of 256
is obtained, same as the excel analysis which also produces 256 states as presented in Table 5,
which validated the equation. As aresult, the equation demonstrates the exponential nature of

variety in relation to the number of mputs and outputs in a system.

Table 5: Service System Variety in MS Excel with Duplications Removed

Service System States Cybernetic System Definition
Inputs ‘Outputs
Adequate
a:;".. ‘r;?gr;mn:m ivestment | Avalable | oo apimy
. and Market Complete Service System State Definition
services . (5.T)
resourcing (S.T)
(S.T) T = -
1 (1,1) (1,1) {1,1) (1,1) This service system has Integratabiity that can scale with Adequate investment, Increasing market and it's Profitable and mproving
2 1.1 (1,1) {1,1) (0,1) This service system has Integratabiity that can scale with Adequate investment, Increasing market and it's Unprofitable but improving
3 (1,1) (1,1) (1,1) (1,0) This service system has Integratabiity that can scale with Adeguate investment, Increasing market and it's Profitable but decining
4 (1,1) (1,1) (1,1) (0,0) This service system has Integratability that can scale with Adequate investment, Increasing market and it's Un-Profitable and getting worse
5 (1,1 {1,1) 0,1) (1,1) This service system has Integratabiity that can scale with Adequate investment, Market share & low but improving and it's Profitable and improving
b (1,1 (1,1) 0, 1) (0,1) This service system has Ir that can scale with Adequate investment, Market share & low but improving and it's Unprofitable but improving
7 1.1 {1,1) 0,1) (1,0 This service system has Integratabiity that can scale with Adequate investment, Market share i low but improving and it's Profitable but declining
8 11 (1,1) 0, 1) (0,0) This service system has Integratabiity that can scale with Adequate investment, Market share i low but improving and it's Un-Profitable and getting worse
T .1 %)) T.0) (%)) Ths service system has 17 That can scale with Adequate mvestment, Market that's Ok DUE declining and K's Profiable and mproving
10 (1,1) (1,1) {1,0) (0,1) This service system has I that can scale with Adequate investment, Market that's ok but declining and it's Unprofitable but improving
11 (1,1) {1,1) {1,0) {1,0) This service system has Integratabiity that can scale with Adequate investment, Market that's ok but declining and it's Profitable but declining
12 (1,1 {1,1) 1,0) {0,0) This service system has Integratabiity that can scale with Adequate investment, Market that's ok but declining and it's Un-Profitable and getting worse
13 (1,1 {1,1) 0,0) {1,1) This service system has Integratabiity that can scale with Adequate investment, Low market availabiity and declining and it's Profitable and improving
14 1.1 (1,1 0,0) {0,1) This service system has Integratabiity that can scale with Adequate investment, Low market availabiity and declining and it's Unprofitable but improving
15 11 (1,1) D,m (1,0) This service system has Integratabiity that can scale with Adequate investment, Low market avaiability and declining and it's Profitable but declining
i} .1 %)) 0,07 0.00 Ths service system has 17 That can scale with Adequale mVestment, Low market avalabiity and dechning and s Un Profiiable and geting worse
250 (0,0) {0,0) {0,5} {0, 0) This service system has Bad ntegratability and frustrating customers more with Inadequate nvestment and getting worse, Low market avaiabiiity and deciining
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Using the equation
V=>pmT"
Where:
V = variety of system
n = number of inputs in the system

m = number of outputs in the system

p = number of different values an output can take g = number of different values an input can take

and substitute in the values
v=H?
One obtains the same number is system states as
V=256
which is the same as obtained in the Excel spreadsheet for analysis. In summary, results from
discussion and workshops were captured as inputs and outputs and using an Excel spreadsheet

analysis, the results in (Appendix Q — Service System States) were obtained.
53 Perturbations and Responses from Workshop presented as State Transition Vectors

Table 6 is the list of perturbations provided from the Variety Engineering workshops in no specific
order. Some of the information has been replaced with pseudo terms such as ‘Response 1° because

this is currently considered company intellectual property.

Table 6: List of Perturbations provided in Workshop Sessions

£ Impact £
ﬂl
i [t $
s |g @ 3
o @ )
Perturbations Detection Method Available has (= & g Response £ E °
] € s E Se 2
i =
3 o als5 S 8 g_
z2|ls®|l2 @ 2® w
E5|5ale 3 e h 2
Vendors release products with new billing models that aren't 523,
1 Jaccommodated for in the ERP Yes - Before the fact KPI 1 512 ]5118 |Response 1 Szz1
2 |Unstable economy, internet become un-affordable Yes - After the fact KPI 2 Sxx1 JSvv1  |Response 2 Szz2
A reseller or a partner consumes more services than they can
3 |afford and it is not possible to pick this up early Limited - After the fact KPI 3 Sxx2  JSvvz  |Response 3 Szz3
Loosing resellers because we don't have a feature that is
4 lavailable in the platform of a competitor Yes - After the fact Report |Sxxa |Svys |Response 4 Szz4
New competitor in the market outside the current competitor
5 |profiles that we normally focus on Yes - After the fact None |Sxxa |Svvs |Response 5 Szzs
A key business manager resigns and business loosed the
6 lintellectual property along with the employee Yes - After the fact KPI 4 Sxxs  |Svvs | Response 6 Szz6
Skills are rear in the market of people that can develop Limited - After the fact, when
7 |services and manage them roles is required None |Sxxé |Svve |Response 7 Szz7
Providing a services becomes uncompetitive because
8 |someone else provides the same service for cheaper Limited - After the fact None |Sxxz |Svvz |Response 8 S2z8
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54 Service System Redesign using the proposed Viable System Model

The service system redesign workshops and focused interview produced several models and charts

which are cited below with details provided in the respective appendices.

It should be noted that these are not in any specific sequence since the iterative process of design,

redefinition and redesign may produce these charts in any sequence.

54.1 The Model of Systemic Control (MSC)

(Appendix K — IT Service System Model of Systemic Control)
The result indicated the incorporation if the ASM inputs and outputs into the MSC model. SD
models are incorporated into the MSC model to incorporate the dynamics between the defined

mputs and outputs in the performance management of the service system.

54.2 The Causal Loop Diagram (CLD)

(Appendix M — Service System Causal Loop Diagram (CLD))
The result is a causal loop diagram that considers all the elements, with the interactions between

them that contribute to the performance of the IT Service System.

543 A representation of the SD model design

(Appendix N — Service System SD Model)
The result is an SD model, here only presenting a sub-model that simulates service system
dynamics. In the sub-model presented, the impact of releasing new features on customer service

level times is modelled.

544 The IT Service System Triple Embe dme nt

(Appendix P —IT Service System Triple Embedment)
The results indicate that the B2B IT Service Systems has cloud service models as viable service
subsystems. The cloud service offerings under the B2B IT Service Systems are the same service

models that are found under the (Information and Technology Industry — Direct Distribution
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Channel — Vendor) vendor service systems embedment. The B2B service system is part of a higher
embedment service system, namely ICT Service Provider. The higher embedment subsequently
embeds mto the ICT Industry. The triple embedment reveals all the viable entities in the industry.
The triple embedment was refined over several session such that a consistent definition of viability

is upheld throughout all embedments layers.

545 The service system design session produced the service system VSM Model

(Appendix R —IT Service System VSM)
The result is a VSM model containing the detailed blueprint of the recursive structure, interactions,

functions and service subsystems required for establishing a viable IT service system.

54.6 The Homeostatic Loops Analysis chart

(Appendix S —IT Service System Homeostatic Loop Analysis)
The result is a homeostatic loop analysis chart containing mnput and output transducers, attenuation

and amplification mechanisms, required to maintain homeostasis in the viable service system.

The next chapter discusses the findings and results of the research.
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6. DISCUSSION OF FINDINGS

In the research process, VSM concepts and mechanisms had to be applied not only to the redesign
of the service system but also to refine the methods utilised in the collection of data and
mformation. Initially, focused interview questionnaires were used to assess whether service system
issues existed in the organisation. At a later stage of this study, mind-maps were used to document
and analyse information from workshop sessions. The VSM approach in itself prescribes a research
methodology that defines how information is collected, analysed and processed. The implications
are that the tools and mechanism prescribed by the VSM are applicable in service system

operational research.

Another key finding was that the VSM concepts proved rather challenging to grasp to most
participants. Much of the effort invested in this study was in teaching the VSM along with other
cybernetic concepts to participants. Repeated application and individual training feedback sessions
contributed to how well the participants grasped the concepts. This has to be catered for in such an
exercise. Much of the manual gathering of data must be automated as far as possible to provide a
continuous and scalable diagnosis of viability within IT service systems. Decision Support Systems
are to contain effective representative system models to implement automated adaptive service

systems management.

It should be noted that such initiative is expected to be met with much resistance but using
cybernetic models such as the Syntegrity model allows collaborative and multidisc iplinary
participation atall levels of business because cybernetic models provide a common platform for
communicating complex systems, their behaviour, organisational structure and how they can be
managed. A collaborative approach reduces blaming and focuses the participants on system analysis

for understanding.

6.1 ASM Inputs and Outputs Discussion

This section discusses the inputs and outputs collected from the workshop sessions in more detail.
Figure 22 is the produced ASM presentation of an IT service system. Three inputs are provided,
namely Available Market, Adequate Investments and Resourcing, and Integrability to other
services, with a single output, namely Sustainable Profitability. Each input and outputs variable

contains two-state variable namely current state ‘S’ and trajectory ‘T°.
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The inputs and outputs are discussed in more detail in the following sections.

6.1.1 Available market

Available market is the amount of market opportunity that is translatable to sales. This canbe
increased by careful investment in the service system capabilities that promise higher market
opportunity and are appropriable (Christensen, 1997; Christensen and Raynor, 2003; Furr and Dyer,
2014; Christensen ef al., 2015). The reason the available market is defined this way is that it was
clear that investments were being made in service systems without adequately understanding how
much return on investment would be yielded and how soon. According to Furr and Dyer (2014),
innovative methods are required to assess the market with limited risk to the business.

Participants considered the available market to be crucial with the majority saying that more
resources were required in analysing the available market. A question was raised in the workshop
“...how do we analyse market availability currently?” One participant noted the report challenges
“...Ireally do not know what I am supposed to do with that customer report because it does not tell
me why the customer chose to buy the product. It just tells me they bought. It was found that
conventional market analysis tools were being used which some of the participants questioned
regardless of resourcing. The issue was not resourcing but rather the assumptions and techniques
applied in understanding markets. New methods were proposed to understand market dynamics and

how this contributed to consumer behaviour.

6.1.2 Adequate investment and resourcing into the service system

“I will not give you a resource unless you show me how this person is going to either monetise your
business or scale your business.” One executive made this statement in the workshop sessions in
response to a service system manager complaining about not having enough resources. Despite the
comment, even the executive, along with all the other participants agreed that adequate investment
and resourcing is another critical mput. The executive stressed the term ‘adequate’.

Without adequate investment in the service system, this results in increased time to market and
reduces customer service levels but on the other hand, careless resourcing results in more further
challenges. Investment and resourcing capture all investment into the service system that enables it
to generate sustainable profits. A wrong decision made here can result in starving the service system

of capability while overspending on a capability that is not justified. According to Furr and Dyer
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(2014), a balance is important and the service system should ensure monetisation of services within

committed time frames.

6.1.3  Integrability into other service systems

Integrability is an indicator of how easily other service systems and customers can consume the
services on the service system. Ease of transacting is key, and scalability of business processes is
fundamental to achieving this. Integrability, according to the participants, also encapsulated a
component of customer service. Improving the integrability of the service system involves business
process engineering in the back-end and having the flexibility to integrate automated and semi-

automated business processes supporting the platform.

In another sense, Integrability also talks to the complex consumption models, supporting multi-tier,
sophisticated pricing rules that allow the billing of services across the available multitude of
consumption models. Partners require live information feeds to be able to offer adaptive and
responsive ‘pay as you use’ service offerings while accurately billing their customers. On the other
hand, service managers want to reduce complexity in their systems because providing all these
features introduced more complexity when done in-house. All this is incorporated under the
ntegrability input, and a service system should be able to ensure adequate integrability to other
services systems. This would also allow service systems to leverage other services systems external

to the organisation. All participants in the workshop agreed that this was necessary.

6.14  Sustainable Profitability

Profitability is the monetary gains from providing a service, considering the total cost of delivering
the service. The sustainability in the term ensures that short term gains do not trump long term
gains. Participants agreed that a long term view is required for profitability. Current profitability can
be positive and grow month on month, but it does not mean that the profitability is sustainable. A
component of profits atrisk is required to measure sustainable profits. Profits at risk consider
competition, profits that can be lost from losing an employee because business processes are not
captured in business systems. The indicator also allows for taking profit losses now on specific

deals to lock future business but not at the detriment of current business.
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Given that IT service system operates in dynamic markets, it is reasonable to expect that

mvestment is made regularly to maintain relevance for future business.

6.2 Variety Engineering Discussion

The objective of the perturbation list that was produced out of the workshop, Table 6, is to identify
resultant system states that introduce residual variety. A comment was made in a focused
interview with an executive session. “... surely there are system states presented here that are not
possible”. “How canwe have all input variables as undesirable and not improving and yet have
sustainable profitability?” Such a statement may be initially interpreted as accurate unless
perturbations are introduced as part of the analysis. An example that was provided in a workshop
session was an introduction of a disruptive service system, a new innovative start-up in the
market, which was later found to create precisely such a state. The ASM, along with the
mtroduction of perturbation analysis is vital for highlighting such cases where residual variety is
not apparent. It proved to be a reliable method for identifying residual variety that would

otherwise remain hidden.

It is important to note that system states are also time-dependent. This was raised in the form of a
question in the workshop sessions as follows, “What happens when... while recovering from a
system state to a desired one, another disturbance hits the system”. Another participant replied,
“...this means that the system could end up in a different more dire state; hence catering for all
system variety as far as possible ensured a robust system”. The next follow up question was then,
“What if the disturbance is sustained beyond the ability to recover sustainable profitability?"

An example of this is a stretched elastic band pulled until it snaps. To which another attendee
replied. “We need to define a system state of a ‘snapped’ or irreparable systems state and then
decide whether in such a case we would want to reprioritise resources of that service system or
abandon it entirely based on certain underlying conditions. We need to put measures in place to
detect undesired states early such that we are proactive than reactive. This will allow us to design
a viable system that cannot ‘snap’. That is where this approach is so powerful because we can
define decision policies upfront to cater to such a state if such a state is unavoidable...” From
these conversations, it canbe seen that the participants were not only grasping the cybernetic
concepts but were learning to apply them as useful abstraction tools to better understand systemic
behaviour. Which means the participants understood variety and its impact on the ability to

understand manage complex systems.
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Having completed the Variety Engineering Analysis, it was found that all other service systems
contained the same residual variety. The effects from the residual variety were experienced but not
clearly articulated or responded to because consideration was never made for the residual variety.
The ASM methods helped clarify the residual variety that existed. Defining the service system as an

ASM proved significant in identifying residual variety that would have otherwise gone undetected.

The next section discusses the IT service systems model (Appendix R —IT Service System VSM)
designed by applying the viable system model to IT service system design.

6.3 Service System Design Recommendations

The results of applying the VSM model to designing a viable IT service system produces six design
artefacts namely, an MSC diagram, a CLD schematic, an SD model, a system triple embedment
schematic, a VSM diagram and a homeostatic loop analysis chart. These are created in any

sequence depending on why and how the design process is imitated.

This section discussed the design recommendations made in more detail through a number
snapshots from the resultant Viable System Model Chart. Under each subsection, a system
recommended design is discussed, referring to viable system model principles of organisation and
subsystem principles. All the relevant charts referenced in this section can we found in the

Appendix as follows:

e Appendix K- IT Service System Model of Systemic Control
e Appendix M — Service System Causal Loop Diagram (CLD)
e Appendix N— Service System SD Model

e Appendix P—IT Service System Triple Embedment

e Appendix R —IT Service System VSM

e Appendix S—IT Service System Homeostatic Loop Analysis

The next subsections discuss the results of each System design within the VSM model.
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6.3.1 System ONE Design

The IT Service Provided B2B System, System 1 design is represented in Figure 23. The result is
that System ONE is made up of System ONE Operations and System ONE Managements linking
mto the IT Service Provider B2B Management System. The other result is that System ONE is
made up of viable service subsystems, namely SaaS, PaaS, [aaS and ITaaS. Under each subsystem,
there are subsystems, namely Cloud, On-Premise, Hybrid and a Solutions Development Unit. This

continues into lower-level embedments, but all are maintaining the same service system unit of

viability. This implies a joint base of service system referenced identity and performance as defined
by the AMS produced in Figure 22. Each viable service system unit has the same inputs and must
produce sustainable profits within its market as an output even at lower embedments and higher

embedments.

|/ Potential Future,><_ .
/! r \ ™

|| Platform Consumer | £
|| Market ! ™

i T i
Figure 23: Viable System ONE Design of the IT Service Provider B2B

Design recommendations proposed regarding System ONE Design:

All service systems and subsystems are to adopt the same objectives and performance indices as
presented in homeostasis analysis chart. Every service system unit is responsible for generating
sustainable profits.

. Each Sub Service System is to have the same KPIs and homeostatic loop
mechanisms as System ONE but for their particular service systems. The

homeostatic loop analysis chart of the redesigned IT B2B service system can be
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found in Appendix S.

Each Sub Service System is to have its management with the same management

KPAs as System ONE but at the sub-system level.

While System ONE management performs normative and strategic management
for System ONE, each sub-system is also to have its own normative and strategic

management with a limited scope of services provided by the System ONE but

with regular planning sessions with System ONE management.

63.2 System TWO Design

The IT Service Provided B2B System, System TWO, in Figure 24 contains all the coordination and
harmonisation linkages into all the service subsystems. The result is every System TWO for each
subsystem links into other service subsystem System TWOs and all link into the management
system, System TWO. This structure implies that a co-ordination and collaboration platform must
be established to harmonise activities across all service subsystems, the management system and the
service metasystems. The sub-service system is also to be aware of each other service systems and

establish synergist relationships with them while maintaining individual viability.
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Figure 24: Viable System TWO Design of the IT Service Provider B2B
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“The speed of the response in an essentially lagged servomechanism is critical. System 2 is to

ensure anti-oscillatory feedback control.” (Beer, 1972)

Design recommendations proposed regarding System TWO Design:

. All management it to be taken to systems thinking training to create awareness of
counter-intuitive decision making, theoretical system pathologies and system
thinking tools for improving decision making for achieving desired emergent

systemic behaviour

. The business is to invest in SD modelling tools and expertise for training
management on the impact of their current decision making such us to prevent

counter-intuitive decision making.

. SD models are to be used to test decision making assumptions. The SD models are
built to be a valid abstract representation providing the service system dynamics

and the impact of reactive, delayed decision making.

. Regular collaborative meetings are to be established where cross sub-system
projects and activities canbe coordinated. A standard template is to be provided
where high-level activities and projects can we consolidated at sub-system level
reporting back to System ONE Management. The template must present all four
parameters as defined in the ASM definition, namely: (1) Integrability; (2)
Available Market; (3) Investment; and (4) Profitability.

633 System THREE Design

The IT Service Provided B2B System, System THREE in Figure 25 (Integration) performs a
harmonisation role exploiting possible synergies form the interactions of System ONE subsystems.
System TREE may be considered the “Operational Management” of the organisation. The result is
that System THREE has audit checks through System THREE for each subsystem service. This
system is concerned with the daily operations. It is concerned with the organisation “here” and

“now” (Rios, 2012, p. 32).
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“Command is matter neither of wielding authority nor of overloading the central axis with variety-
attenuation regulations. System THREE delegates authority and accountability to the elemental
level and looks for synergistic advantage by taking a synoptic view of System ONE.” (Beer, 1972)
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Figure 25: Viable System THREE Design of the IT Service Provider B2B

634 System THREE STAR Design

The IT Service Provided B2B System, System TREE STAR in Figure 26 is a support system for
System THREE, and its primary mission is to obtain information from System ONE and its service
subsystems. This accommodates for information which cannot be accessed via communication
channel linking System TWO and System THREE. Although the information on how System ONE
is working should reach System THREE via normal information channels, System TWO and
accountability, there is a chance that part of this is filtered and does not get to System THREE.
System THREE STAR must be designed to solve this problem (Rios, 2012, pp. 35-36).

“The qualitative difference regarding the information provided by System THREE STAR is that it
is not of a “routine” nature and affects the whole of System ONE, even if it is picked up in each of
the elementary operational units. It supplies information that cannot be supplied either by System

ONE or System TWO.” (Beer, 1972)
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Figure 26: Viable System THREE STAR Design of the IT Service Provider B2B

Design recommendations proposed regarding System THREE and THREE STAR Design:

6.3.5

Audit mechanisms must put in place to perform sporadic auditing for

every service subsystem that would other no be picked up through System

TWO reporting.
The audit function THREE STAR also verifies information from operational

environments for System THREE learning and foster synergistic behaviour

between service systems

System FOUR Design

The IT Service Provided B2B System, System FOUR. System FOUR (Intelligence), in Figure 27,

represents the organisation’s adaption structure. To do this, the organisation must monitor both

what is currently occurring and possible future changes subject to the appropriate environment. The

result is System THREE ‘detection’ points into the current and potential future markets.

Another result is a homeostatic loop analysis between System FOUR and System THREE to

coordinate service system activities to adapt to the market environment. This system contains the

right tools and methods to process and analyse information, variety and complexity presented by the
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organisation and its environment. The translation from data to information, to modelling

mtelligence, is performed here (Rios, 2012, p. 40).
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“Special attention is necessary to System FOUR otherwise, System FIVE identifies with System
THREE. This will result in the whole cerebral meta-structure collapse instead of adapting and self-

Figure 27: Viable System FOUR Design of the I

T Service Provider B2B

determination, and if that happens we are left with crisis management, the lack of proactive

adaptive management.” (Beer, 1972)

Design recommendations proposed regarding System FOUR Design:

. The maintenance of Causal Loop Diagrams and SD models is to be done by a
multidisciplinary team of elected representatives from each department. The SD model is to
be updated as soon as residual complexity is detected either by the SD model or through

other avenues such as marketing and support departments.

. The SD model is to be linked to the internal business system so that deviations between the

models and real data can be detected. Revealed residual variety may require model refining

or Service System redesign.
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. A multidisciplinary team must also be used to ensure investment in transducer mechanisms
that detect residual complexity and contextualise it accurately. The selected
multidisciplinary team is to be trained in SD modelling and provided access to integration

technologies that can assist in getting data from business systems as when needed.

. Deviations detected from the SD model are to output precise actionable diagnosis of residual

variety to either System THREE or System FIVE.

63.6 System FIVE Design

The IT Service Provided B2B System, System FIVE (Policy) in Figure 28 has supreme authority in
the organisation. All variety that all the other subordinate functions cannot absorb is resolved by
System FIVE. System FIVE’s function is to balance the present and the future of the organisation,
or ‘the bigger system in focus. As a result, System FIVE produces the service system’s awareness
through interacting with System FOUR and its homeostatic loop into System THREE. System
FIVE is responsible for establishing the identity and purpose of the organisation. Typical
responsibilities of System FIVE are establishing the vision, mission and strategic goals of the

organisation but this is to be done in collaboration with System FOUR (Rios, 2012, p. 46).

”System FIVE within service governance cannot be elite; it is to be the embodiment of the values of

the other services and services systems themselves.” (Beer, 1972)

“System FIVE’s function is to balance the present and future of the organisation, bearing in mind
both the internal and external aspects affecting it. It is responsible for establishing the “identity” of
the organisation, that is to say, defining what it is or what it wants to be and also what “is not or
does not want to be”. Such distinctions are also important when it comes to making it clear what the
limits of the organisation are, in other words, fixing the boundaries between what forms part of the
environment and what represents the organisation. Implicit in this is the establishing of the values,
norms and rules of conduct that should prevail and impregnate the organisation at all its recursion
levels, namely, its “ethos”. These will facilitate the cohesion of the whole set. Typical
responsibilities of System FIVE are those determining the vision, mission and strategic goals of the
organisation. The type of management it must provide is “Normative Management”, unlike the
“Strategic Management” exercised by System FOUR (with the contribution of System THREE) and
the “Operative Management” specific to System THREE.”(Rios, 2012, p. 46).
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Figure 28: Viable System FIVE Design of the IT Service Provider B2B

Design recommendations proposed regarding System 3 Design:

. System FIVE, which consist of executive leadership, must build relationships with relevant

metasystem in Industry.

. System FIVE must continuously have a full appreciation of the service system variety and be
aware of any residual variety detected by System FOUR. This allows System FIVE to

implement the required coalition policies while maintaining the Service Systems identity.

. System FIVE must understand the Industry treads and current affair along with global affairs

that could impact on the service system.

. System FIVE must establish norms and governance rules that are clearly communicated to

all service subsystems.

. System FIVE must always be attuned with global market dynamics, technological

development and economic environment through the most reliable sources available.

. System FIVE must introduce new ethos and identity into a business through governance
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mechanisms.

The next section discussed the developed Systemic Continuous Complexity Management Process

for designing viable service systems.

6.4 Proposed Systemic Continuous Comple xity Manage ment Processes for Designing

Viable Service Systems

In applying the ISSM, this study has established a complexity management processes required such
that residual complexity canbe dealt which upon detection or discovery in a continuous process.
Service system redesign initiatives are introduced and executed with care to avoid introducing too
many changes that can retrospectively affect current system performance. The entire continuous
complexity management approach to designing a viable service system can be seenin Appendix O
— Conceptual Process for Service System Complexity Management. The next subsections discuss

portions of the process in more detail.

64.1 Collaborative Definition of Service System such that VE can be conducted

The process of service system complexity management begins with defining the service using the
triple embedment, adhering to the laws of viability, as seenin Figure 29. Systems are to be defined
as viable units atall levels of recursions and embedments. Selecting the correct triple recursion is
crucial and recommended to be done with input from executive leadership and multidisciplinary
viewpoints. Having defined the system and its definition of viability an abstract state machine,

‘black box’ definition of the service system established.

VE provides feedback to the system definition to ensure that a viable system definition is reviewed
as soon as residual variety is detected. This is important as it provides a platform which service
system management canuse to be kept current with the systems residual variety while

implementing redesigns.
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Figure 29: Collaborative Service System Defmition for VE

Next, we look at how the definition of the service system progresses to VE.

64.2 Collaborative Definition of Service System such that VE can be conducted

VE is done with two objectives. The first is to analyse the system in focus for residual variety and
the second it’s to improve proactive detection of residual variety. Systems and processes are put in
place to ensure an adequate response to detected residual variety, as presented in Figure 30.
Decision policies are refined to incorporate conditions for initiating service or service system

redesigns or decommissioning versus service or service system improvement.

There is a feedback from the redesign stage in the form of homeostatic loop analysis chart to
implement criteria of homeostasis and detection of residual variety. A service system or service
redesign is to initiate service system and service KPIs redefinition. This ensures that homeostasis

maintains relevance with market and internal service system capability.
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Figure 30: Detecting Residual Variety to Develop Service System Capabilities

Next, we look at service system designs can are implemented without inducing variety into the

services system.

643 Implementing Service System Designs without introducing Self-Induced Variety

Once residual variety is detected, the VSM is used to redesign the service system and if required
redefine the services to be delivered. VSM charts and with Quality Function Deployment Matrices,
if preferred, are utilised to ‘blueprint’ the service system to project teams that are to implement the
new service system and services as in Figure 31. Concurrently amplification and attenuation
mechanisms are established to coordinate implementation activities while ensuring that there is no

self-induced variety during execution.

Feedback mechanisms are put in place to update system variety during implementation not only to
the ends of co-ordinating system implementation but to capture learnings and possibly influence the
redesign of the service system or redefine the services while in implementation. This allows

adoption while implementing service system redesigns.
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This chapter has discussed the proposed Systematic Continuous Complexity Management process
that can be applied to ensure that there is continuous complexity management. The finding is that
the feedback mechanisms between each process are essential in ensuring that unintended residual
variety is not introduced into the service system while implementing a viable service system
redesigns. From this, it has been noted that careful consideration needs to be taken in both the

design process and the implementation process of viable service systems.

The next chapter contains the conclusions made from this research and highlights further research

opportunities in light of the research findings.

6.5 Managerial Implications of the Study

The proposed Systemic Continuous Complexity Management Processes for Designing Viable
Service Systems derived from applying The Integrated Service System Model (ISSM) has several
managerial implications. In particular, the role of business and service system designers and
managers is crucial for this model to work, from communication methods to the problem-solving
tools used to drive collaborative participation. Furthermore, their understanding of the business and
its environments is vital to the success or failure of the model. Business and service systems

managers must adopt a new language and approach for communicating service system complexity
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such that the correct internal business structures and mechanisms are designed and implemented to
tackle residual variety. Such an approach provides a unified systemic ‘black box’ abstract state
machine definition, as in Figure 22, of the various service systems within the business providing a
common language to communicate system complexities and capabilities required to manage and

operate service systems.

Having provided a unified definition of the service system in all its variety, the business then
embarks on a variety engineering exercise consisting of multidisciplinary teams. The benefits of
multidisciplinary approaches have always been evident to business, but the challenge becomes a
regular communication and an analysis framework to adopt. The ‘complexity’ taxonomy and
ontology provide a common framework from which a multidisciplinary team canrecommend
different service system designs. For example, in this research, the ‘black box’ definition of the
service system was consistent all through executive leadership level, to customers, to partners and
to internal service engineers. Such a unified service system definition provided a standard of what
customers expect from the IT service system customers. Alternative service system designs are
evaluated against the desired service system definition for residual variety. This is very useful when

reviewing enterprise architecture, current state and desired future state.

The Viable Systems Model provides the minimal structure to achieving viability which is
fundamental to addressing business accountabilities and responsibilities in a services-oriented
business model that is to survive in a dynamic market environment. Service system managers and
service system designers need to thoroughly appreciate and understand the VSM, its cybernetics
principles and how it is applied to deliver viable service systems. Furthermore, the VSM approach
requires that amplification and attenuation mechanisms are implemented to manage the variety
between the management system and the managed system. This is particularly important and

implies that service system managers must contribute to technologies being used in the business.

Service system managers are to be involved in technology forecasting, and strategic technology
decisions for the business in consideration of complexity management mechanisms and complexity-
management-oriented performance metrics. Reporting systems and decision support systems must
cater for all the variety in the information required to operate and manage and viable service
system. Business managers will have to consider information technologies that allow for the timely

market and environment insights that will drive continuous business internal business structures
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adaption and new performance metrics adoption. This is a paradigm shift from the traditional
mternal capability improvement orientation of competencies to one of an external complexity-
reducing value proposition. Market dynamics, socio-economic dynamics, environmental dynamics

and value co-creation dynamics are considered in the latter.

In this model, management, particularly business and service managers, need to be highly involved
throughout the entire lifecycle of the service system from design to dissolution or decommission.
Management must apply Organisational Cybernetics principles in designing and managing service

system to achieve services and business viability.
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7.  CONCLUSION AND RECOMMENDATIONS

This study has stressed the need for a service system design framework or model that considers
value co-creation complexities under dynamic market environments. To this end, two research
objectives were set; to determine the state of viability in current service systems in SA and to

provide a conceptual design for viable IT service systems in South Africa.

The first research objective has been addressed in this manner. The study has demonstrated the use
of VE and ASM for analysing and quantifying residual variety in IT service systems. Current I'T
service systems were found to contain a residual variety. The findings are that the ASM is a reliable
method for quantifying variety through defining system states and using excel and a mind mapping
tool, variety engineering canbe conducted reliably. Incorporating capabilities and perturbations into
ASM as state transitions highlights system stated that would not be considered. This produces a

reliable method to appreciating service system variety and identifying the residual variety.

The second research objective has been addressed in this manner. The ISSM is proposed as a
conceptual model to approach the designing of service systems. The model integrates the VSM, the
MSC and the TSM along with the analysis tools VE, SD models and ASM to produce viable service
system design artefacts. Contained in the artefacts are design elements for a viable IT service
system considering both value co-creation and market dynamics. The findings are that in
redesigning the service system, multidisciplinary participants are engaged and this has proven to be
a necessary approach for producing viable service system designs. This is facilitated through
workshops and focused mterviews which involved training the participants on systems theory,
systems thinking, the VSM and other cybernetic models. In redesigning the services systems using
the proposed ISSM the other finding is that there are three crucial systemic capabilities that need to
be designed into a viable services system, namely: (1) The ability to effectively detect residual
complexity presented by the market; (2) The ability to translate the detected residual variety into
viable system re-designs and; (3) The ability to implement the produced system designs without

inducing unintended residual variety.

The research question asks for the most relevant determinants in designing viable IT service
systems for the digitally transforming IT industry of South Africa. This is answers in the form of

three systemic capabilities, discovered through the application of the proposed ISSM. Having found
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existing models and frameworks in the literature lacking a holistic solution, the study argued that
the proposed conceptual ISSM presents a systematic iterative process which canbe utilised to
diagnose, design and manage viable service systems. The proposed model has management
implication mainly that service managers are extensively involved and multidisciplined complexity

management principles are applied.

7.1 Limitations

This researchis limited to the currently operating service systems within a VAD in South Africa.
The researchis limited to this degree in providing viable service system designs within the South
African context. As such, the research does not investigate elements beyond the discussion issues

provided by the firm participants.

7.2 Suggestions for further research

It is hoped that future research will demystify the use of the cybernetic models underpinning the
approach and assists in designing service-oriented organisation of any type. Although the model
developed i this study is applied to IT service system, it should be tested by applying the model to

other types of service systems that exist in the industry.

Another important consideration is that the Integrated Service System Model is applied in the study
in an environment with an existing service system. Further research is proposed in the design of
service systems from service system inception. Researchis proposed to assess how the determinants
of service system viability change over the entire lifecycle of service, how the model canbe adapted
to the sustainable management of innovation within organisations and how the model tackles
environments that are profoundly impacted by innovation under difficult entry to markets

conditions, such as in tech start-ups.

Further research is proposed to apply the developed Integrated Service System Model to other

service systems in the industry with market dynamics that require intelligent adaptive organisation.
Further research is also proposed to investigate other industry areas where such design approaches
are applicable, such as adaptive cloud computing, artificial intelligence, integrated intelligent cities,

government and public services, to name a few.

80



REFERENCES

Adam, M. and Breeze, H. (2018), The Drive to Digital Native: CloudBlue's Strategy to Connect the
Digital Ecosystem, International Data Corporation (IDC).

Akkermans, H. (2018), Service Operations Dynamics: Managing in an Age of Digitalization,
Disruption and Discontent, 1sted., Springer International Publishing, Cham.

Amir, T. and Ruslh, A. (Eds.) (2013), ACSAT 2012: 2012 International Conference on Advanced
Computer Science Applications and Technologies proceedings ACSAT 2012 26-28 November
2012 Kuala Lumpur, Malaysia, IEEE, Piscataway, N.J.

Angela, G. (Ed.) (2017), Key Issues for Digital Transformation in the G20: Report prepared for a
joint G20 German Presidency/ OECD conference, OECD, Germany.

Ashby, R.W. (1958), “Requisite variety and its implications for the control on complex systems”,
Vol 1 No. 2, pp. 83-99.

Ashby, W.R. (1956), An Introduction to Cybernetics, 1st ed., Chapman and Hall Ltd and
University Paperbacks, 11 New Fetter Lane, London, E.C.4.

Beer, S. (1966), Decision and Control: The meaning of Operational Research and Management
Cybernetics,John Wiley & Sons Ltd, Chichester, West Sussex, England.

Beer, S. (1972), The Brain for the Firm: Companion Volume to The Heart of the Enterprise, 2nd
ed.

Beer, S. (1985), Diagnosing the System for Organizations,John Wiley & Sons, Inc,, United States.

Boeger, E. and Stark, R. (2003), Abstract State Machines: Abstract State Machines, A Method for
High-Level System Design and Analysis, 1st ed., Springer Verlag Berlin Heidelberg.

Burton, R.M. and Obel, B. (2004), Strategic Organizational Diagnosis and Design: The Dynamics
of Fit, 3rd ed., Springer Science and Business Media, New Y ork.

Camarinha-Matos, L.M. and Afsarmanesh, H. (2004), Collaborative Networked Organizations: A
research agenda for emerging business models, Kluwer Academic Publishers, United States of
America.

Camarinha-Matos, L.M., Afsarmanesh, H. and Rabelo, R.J. (Eds.) (2001), E-Business and Virtual
Enterprises: Managing Business-to-Business Cooperation, Managing Cooperation in Virtual
Organizations and Electronic Business towards Smart Organizations, Springer Science and
Business Media New, LCC, New Y ork.

Cassel, C., Cunliffe, A.L. and Grandy, G. (2018), The SAGE Handbook of Qualitative Business
and Management Research Methods: History and Traditions, 1st ed., Sage Publications Ltd,
London, UK.

81



Christensen, C.M. (1997), The Innovator's Dilemma: When new technologies cause great firms to
fail, The management of innovation and change series, Harvard Business School Press, Boston
Mass.

Christensen, C.M., Dillon, K., Hall, T. and Duncan, D.S. (2015), Competing Against Luck: The
Story of Innovation and Customer Choice.

Christensen, C.M. and Raynor, M.E. (2003), The Innovator's Solution: Creating and Sustaining
Successful Growth, Harvard Business School Publishing Corporation, Boston, Massachusetts.

Chungunov, A.V.,Bolgov, R., Kabanov, Y., Kampis, G. and Wimmer, M. (Eds.) (2016), Digital
Transformation and Global Society: First International Conference, Revised Selected Papers,
Springer.

Creswell, J.W. (2009), Research Design: Qualitative, Quantitative. and Mixed Methods
Approaches, 3rd ed., Sage Publications, Inc, United Kingdom.

Demirkan, H., Spohrer, J.C. and Krishna, V. (2011a), Service Systems Implementation, Service
Science: Research and Innovations in the Service Economy, Springer Science+Business Media,
LLC.

Demirkan, H., Spohrer, J.C. and Krishna, V. (2011b), The Science of Service Systems, Service
Science: Research and Innovations in the Service Economy, Springer Science+Business Media,
LLC, USA.

Espejo, R. and Reyes, A. (2011), Organizational Systems: Managing Complexity with the Viable
System Model, Springer-Verlag Berlin Heidelberg, New York.

Flick, U. (2014), The SAGE Handbook of Qualitative Data Analysis, Sage Publications Ltd,

USA.

Furr, N. and Dyer, J. (2014), The Innovators' Method: Bringing the lean start-up into
your organization, Harvard Business Review Press, Boston, Massachusetts.

Golinelli, G.M. (2010), Viable Systems Approach: Governing Business Dynamics, 1sted.,
CEDAM, Padua, Italy.

Hanna, N.K. (2010a), Enabling Enterprise Transformation: Business and Grassroots Innovation
for the Knowledge Economy, Innovation, Technology, and Knowledge Management Series,
Springer Science and Business Media New, LCC.

Hanna, N.K. (2010b), e-Transformation: Enabling New Development Strategies, Innovation,
Technology, and Knowledge Management Series, Springer Science and Business Media, LCC.

Harnden, R. and Leonard, A. (1994), How many grapes went into the wine: Stafford Beer on the

artand science of holistic management, Wiley, Chichester, New York.

Hastings, H. and Saperstein, J. (2014), Service Thinking: The Seven Principles to Discover

82



Innovative Opportunities, Service Systems and Innovation in Business and Society Collection,
Business Expert Press, New York.

Jabareen, Y. (2009), “Building a Conceptual Framework. Philosophy, Definitions, and Procedure”,
International Institution for Qualitative Methods, International Journal of Qualitative Methods.

Karat, C.M., Blom, J.O. and Karat, J. (2004), Designing Personalized User Experiences in
eCommerce, Human-Computer Interaction Series, Vol. 5, Kluwer Academic Publishers,
Dordrecht.

Khosrow-Pour, M. (2018), Encyclopaedia of Information Science and Technology,

Information Science Reference, 4th ed., IGI Global, USA.

Kneale, L. (2016), “The IT Industry. The South African Information Technology Sector”, available
at: https//www.whoownswhom.co.za/store/info/4458?segment=Retail+%26+Wholesale.

Kossik, R. (2018), User's Guide GoldSim: Probabilistic Simulation Environment, Goldsim
Technology Group, Washington USA.

Luzeaux, D. and Ruault, J.R. (2010), System of Systems, 1st ed., ISTE Ltd and John Wiley and
Sons, Inc, London, UK.

MacGregor, S.P. and Tamara, C. (2012), Sustaining Innovation: Collaboration Models for a
Complex World, Innovation, Technology, and Knowledge Management Series, Springer
Science and Business Media New, LCC, Springer Cham Heidelberg, New York, London.

Maglio, P.P., Kieliszewski, C.A. and Spohrer, J.C. (2010), Handbook of Service Science, Springer
Science+Business Media, LLC, USA.

Maglio, P.P.,Kieliszewski, C.A., Spohrer, J.C., Loyns, K., Patricio, L. and Sawatani, Y. (2019),
Handbook of Service Science: Volume II, Service Science: Research and Innovations in the
Service Economy,Vol. 2, 2nd ed., Springer Nature Switzerland, Switzerland.

Masys, A.J. (2016), Applications of Systems Thinking and Soft Operations Research in Managing
Complexity: From Problem Framing to Problem Solving, Advanced Science and
Technologies for Security Applications, Springer International Publishing AG Switzerland,
Springer Cham Heidelberg, New York, London.

Metcalfe, S.J. and Cantner, U. (2003), Change, transformation and development, 1st ed., Springer-
Verlag Berlin Heidelberg, Berlin Heidelberg GmbH.

Meyers, R.A. (2009), Encyclopaedia of Complexity and Systems Science, Springer Reference,

Ist ed., SpringerScience+BuisinessMedia, LLC.
Mindjet (2019), MindManager, Mindjet.
Mokgala, M. and Emwanu, B. (2018), A Complexity Management Approach to Designing

Viable IT Service Systems in South Africa, Proceedings of the International

83


http://www.whoownswhom.co.za/store/info/4458?segment=Retail%2B%26%2BWholesale

Conference on Industrial Engineering and Operations Management, IEOM Society
International, United States of America.

Oswald, G. and Kleinemeier, M. (2017), Shaping the Digital Enterprise: Trends and Use Cases in
the Digital Innovation and Transformation, Springer International Publishing Switzerland,
Switzerland.

Patton, M.Q. (2015), Qualitative Research & Evaluation Methods: Integrating Theory and
Practice, 4th ed., Sage Publications, Inc, United States of America.

Raisch, S. (2004), Dynamic Strategic Analysis: Demystifying simple success strategies, Gabler
Edition Wissenschaft, Springer Science and Business Media, Deutscher Universitats-
VerlagiGWV Fachverlage GmbH.

Rios, J.P. (2012), Design and Diagnosis for Sustainable Organizations: The Viable System
Method, Springer-Verlag Berlin Heidelberg, New York.

Rossignoli, C., Virili, F. and Za, S. (2018), Digital Technology and the Organizational Change:
Reshaping Technology, People, and Organizations Towards a Global Society, Lecture Notes in
Information Systems and Organisation, Vol. 23, Springer International Publishing AG,
Switzerland.

Roy, R.B., Lilrank, P., Torkki, P.and V.K., S. (2019), Designing Service Machines: Translating
Principles of Systems Science to Service Design, Translational Systems Science,Vol. 15,
Springer Nature Singapore, Singapore.

Schwaninger, M. (2009), Intelligent Organizations: Powerful Models for Systemic Management,

2nd ed., Springer Verlag Berlin Heidelberg.

Sterman, J. (2000), Business Dynamics: Systems Thinking and Modeling for a Complex
World, Irwin/McGraw-Hill, Boston.

Stevenson, A. (2007), Shorter Oxford English Dictionary, 6th ed., Oxford University Press, United
Kingdom.

Sushil, Bhal, K.T. and Singh, S.P. (2016), Managing Flexibility: People, Process, Technology and
Business, Flexible Systems Management, Springer India, Springer Cham Heidelberg, New
York, London.

Takahara, Y. and Mesarovic, M. (2003), Organization Structure: Cybernetic Systems Foundation,
IFSR International Series on Systems Science and Engineering, Vol. 22, 1st ed., Kluwer
Academic/Plenum Publishers, 233 Spring Street, New Y ork.

Toivonen, M. (2016), Service Innovation: Novel Ways of Creating Value in Actor Systems,

Translational Systems Science, Vol. 6, Springer Japan, Japan.

84



Wiener, N. (1985), Cybernetics: or Communication and Control in the Animal and the Machine,

2nd ed., The M.I,.T Press, Cambridge, Massachusetts, United States of America.

85



Appendix A — IT Service System Configurations to Consider

Table 7: PaaS Service System Configurations

Supporting from

IT Services other Service

Aggregation Systems
IT service system configuration Service Type [Vendor [ISV Platform Consumer Resources Service Example
PaaS Service System Configuration 1 Yes Yes
PaaS Service System Configuration 2 Yes Yes Yes
PaaS Service System Configuration 3 Yes Yes Yes
PaasS Service System Configuration 4 Yes Yes Yes Yes Microsoft
PaaS Service System Configuration 5 Paas Yes Yes Yes Azure (App
PaaS$ Service System Configuration 6 Yes Yes Yes Yes Services)
PaaS Service System Configuration 7 Yes Yes Yes Yes
PaaS Service System Configuration 8 Yes Yes Yes Yes Yes

Table 8: IaaS Service System Configurations

Supporting from

IT Services other Service

Aggregation Systems
IT service system configuration Service Type [Vendor |ISV Platform Consumer Resources Service Example
laa$S Service System Configuration 1 Yes Yes
laa$S Service System Configuration 2 Yes Yes Yes
laa$S Service System Configuration 3 Yes Yes Yes
laa$S Service System Configuration 4 Yes Yes Yes Yes Microsoft Azure
laaS Service System Configuration 5 laas Yes Yes Yes (Virtual Machines)
laa$S Service System Configuration 6 Yes Yes Yes Yes
laa$S Service System Configuration 7 Yes Yes Yes Yes
laa$S Service System Configuration 8 Yes Yes Yes Yes Yes

Table 9: ITaaS Service System Configurations

Supporting from

IT Services other Service

Aggregation Systems
IT service system configuration Service Type [Vendor |ISV Platform Consumer Resources Service Example
ITaas Service System Configuration 1 Yes Yes
ITaas Service System Configuration 2 Yes Yes Yes
ITaas Service System Configuration 3 Yes Yes Yes
ITaa$S Service System Configuration 4 Yes Yes Yes Yes Hybrid IT infrastructure
ITaas Service System Configuration 5 ITaas Yes Yes Yes Management
ITaas Service System Configuration 6 Yes Yes Yes Yes
ITaas Service System Configuration 7 Yes Yes Yes Yes
ITaas Service System Configuration 8 Yes Yes Yes Yes Yes

86



Appendix B— Example of a Complete Homeostatic Loop Analysis
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Appendix C — Example of a Complete Viable System Model Chart

WHOLE
ENVIRONMENT

FIVE ETHOS Meta System relative to System 1

Atmosphere

Norms
Believe System e
N/ Values Identitiy

POTENTIAL FUTURE 1

Scouts, exploration of Algedonic
demands and needs System

Outside & Future
Strategies,
Scenario Dev,
Simulations
Innovation,
Pre-Adaptive,
Hypothesis driven

Awareness

POTENTIAL FUTURE 2

EMBEDDED
MARKETS

Inside &
Now

THREE Tactics
. Internal
Opnmlza_tmn of Symbiosis
Self-Organisation Win-Win,
Synergy TWO

Overall
harmonization

P .

3 ONE
Sporadic Audits
Anomaly Detection Local
Learning Potential 2 Management
5
LOCAL
3 4
MARKETS :
3 TWO
. 2 L Daily
ONE & Coordination,
Harmonization
e.g. Production
Planning
] Local
Regulation
1 N—T g

Value

'Crea’uon Value Production

" one | | |ED []

> O
PNL Local
Q/OG 6:9}' e Management
[\
COMPETITORS A s
Q/)) 3 7
5 A TWO
i 2 LT —
ONE
1
Local
f Regulation
2
2
Value Production
Transducer Channels:
Vlable SyStem MOdeI Each @ represents an i Interventions & Rules iv Overlapping Sub-Environments
interface between each ii Ressource Bargain v Anti-Oscillation, autonomous
Stafford Beer subsystem iii Operational Linkages vi Sporadic Audits

88



Appendix D — Mindjet MindManager Map with Classifications and Indexes
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Dimensions of
Organizational Fitness

Legitimacy

("to fulfil a purpose
at the service of

a larger whole")
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("to do the right things")
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Appendix E — Other Cybernetic Models to be used with VSM
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Appendix G — Questionnaire used on focused interviews on assessing

Capabilities and Competenciesin IT Service Business Units and Departments

Interview: Internal Capability and Competency Assessment

Question 1
Please state your rale and responsibiltiesin the arganisation

Question 2
What IT services do you offar?

Question 3
What roles do you have in your team or departmen to support these services?

Questiond
What the KPAs/KPIs you report to deliver these service and how frequetly do you provide these reports to business?

Questions
What SLAs are in place and are they clearly understood and complied to by all team members?

Question &
Do you have documented standardised processes and procedures?

Question 7
Please provide documented processes, procedures and reports you provide to business.

Question 8
What are the challenges that you face in delivering these services

Question 9
Are you aware of any competitors/disruptors in your market?

Question 10
If 50, what has been put in place to ensure market security?
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Appendix H - Focused Interview Questionnaire for Service System

Perturbations

Interview: Service Systems Perturbations

Question 1

Please state your role and responsibilitiesin the organisation.

Question 2

For which IT servicesdo you provide support for?

Question 3

What roles do you have inyour support team?

Question 4

What are the KPAsand KPIs that you report on back to your service management team and how frequently do you provide reportstothem?

Question 5

Please provide the reportsyou provide to management

Question 6

What are the SLAs applicable to you?

Question 7

Are there challenges that you endure to support these services?

Question 8

Is there adocumented process for handling new ticket types/new cases?

Question 9

Are there continuous improvement feedback mechanisms to improve service delivery?

Question 10

Are there Change Management processesin place to tackle new system changes?

Question 11

Please provide documented change management procedures.
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Appendix I — Focused Interview Questionnaire for Service System Dynamics

Workshop: The purpose of the workshop is to understand the service system dynamics

Question 1

What are the capacities and throughput of your service system?

Question 2

How do delays and delays and feedback loops impact on your service levels?

Question 3

What are the bottlenecks in your processes?

Question 4

W hat amplification and attenuation mechanisms do you apply in your processes and procedures?

Question 5

What changes are required to meet current and future demands for the services you provide?
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Appendix J — Focused Interview Questionnaire for Service System Capability

Interview: Internal Capability and Competency Assessment

Date: 18 October 2018 Interviewee: Executive for Vendor

Question 1

Please state your role and responsibilitiesin the organisation

| am the Vendor 1Executive within Axiz running the Microsoft and Software business unit

Question 2

What IT services doyou offer?

We offer Vendor 1 Cloud Service Provider (CSP) Products. This is the SaaSoffering from Vendor 1, we offer this to reseller and partners to resell. We offer Traditional perpetual products like Product XXX.
In myBU the other software offerings such as Product AAA and Product BBB

Question 3

What roles do you have in your team or department to support these services?

| manage the business unit. | am responsible for the growth my portfolio of products in the market and | am also responsible for the performance management of the operational within my team. | have a

Vendor 1 product spedalists, business P product r , and | am going to appoint adigital product manager to put more focus on our Digital Business.

Question 4

What the KPAs/KPIs you report to deliver these service and how frequently do you provide these reportsto business?

Yes | provide anumber of reports to business. |wil share them with you but please do not distribute them. I report on revenues, profits, number of licenses sold, number of customers gained and lost in

the portfolio of products. |also report on costs, mainly attached to the heads | have in my team. | have to produce quarterly reports beck to Vendor 1 on product performance in market. Microsoft will set
targets on Axiz regarding having benchmarked where we should be considering why they see in the various markets around the world similar to ours.

Question 5

What SLAs are in placeand are they cleadly understood and complied by al team members?

| have put in place SLAs with myteam to respond to their customers, internally and externally within an hour. |have to ticketing system to manage this though but | have visibity in the group
mailbox. | can see what they are doing and how long it takes to respond to issues and requests. Every team member has KPAs that they have to deliver on. | review this with them quarterly unless |
have an area of concern, then | can even go as far as reviewing the deliverable on a weekly basis. Like how we have the weekly meeting with the digital team around the AxzCloud Platform

deliverables

Question 6

Do you have documented standardised processes and procedures?

We don't have process maps as such but we have system user manuals and detailed job description. When a new person joins us they will typically do some Microsoft training that will make them competent
in providing solutions and services to market. So I send my staff to vendor training. The other reason is that we need certification to qualify to deliver certain services to market, so | get that out the way right
away. Regarding internal business system the new person wil shadow a aurrent employee who is very good in that specfic area for about six months. We do this because we don’t want to waste time
and | want the new employee to get up to speed as soon as possible. | wil also provide the employee access to collaboration platforms where issues can be raised with the vendor and they can also keep

up to date with current development.

Question 7

Please provide documented processes, procedures and reportsyou provide to the business.

| will. Please do not share externally as we would not want out competitors to get ahold of this information. The market is very competitive and everyone is interested in what everyone else is doing.

Question 8

What are the challenges that you face indelivering these services

Well, | need the doud platform to be stable. We still have customers complaining about stupid things like buttons not working asthey expect them to and seat counts not matching and so on and so forth.
The weekly meeting with have with the Digital Team is documented so you have access to that. The other trend we are seeing is that customers are becoming more and more demanding because of the
digital development. If they don’t like something the easly move to our competitors. We are finding it harder and harder to keep our current customer. It also does not help that the support guys keep
messing it up. | need them physically here so that | can

Monitor how they resolve issues. We also need better systems internally to respond faster to customer request. Maybe some automation projects are needed. Resellers want more from the AxzCloud
platform too. They want us to remove all the friction in transacting. The want to be able to download transactional information asand when they please. They want is to provide them with APls to
integrate into AxizCloud. They want and end to end digital experience. They don’t want to call anyone, they want to transact.

Question 9

Are you aware of any competitors/disruptors inyour market?

Yes. But I do not have a detailed view into our market share. Vendor 1won’t share the information with us. We have to main competitors Distributor X and Distributor Y. They are big IT distributors and

they also have platforms ours. We find that we are always compared to these distributors. There are also resellers that go direct. What we see is that Vendor 1is switching off their direct business because
they see the value of the indirect model in scaling reach into regions.

Question 10

If so, what has been put in place toensure market security?

Well so far not much, like | said, its much easier for reseller to move to other distributors that provide the same products we do. So far we don't seem to have an answer for this. We try our best to meet with
the customers and convince them to stay with us. We also listen to what they want and they are becoming more are more demanding on the functionality —they require on the platform. They use comments
like 'Why can't you provide this to me, Distributor Z has it.. So we need to find a fast answer to this and | don’t think the solution is reactively making promises to the resellers anymore. Vendor 1 want us to

focus on consumption on their laaS and Paa$ offerings. We have pretty much figured out how to do their Saa$S offering. They want us to figure out how we can drive consumption in their laaS and PaaS.
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Appendix K- IT Service System Model of Systemic Control
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Appendix L — SaaS Service System Support Ticket Volume Contributions

100007

sz
nc
oo
i

£ Adoy a)ny - suopesion
| a5 Buippy - 1oddng [euEiq

{ sasuany] duipuadsng - |3 auoy pnojaziey

| UBHESYNON - paddns 1Ewa projzixy

[ 10413 peo) aded a3sGan - JuadoaAaE PNOPZXY
{ 14oddng ujwpy - ||B3 BUOY 7y

{ sasu=op Fujpuadsng - 1uaddng uwpy

{ 8071311 1:20ddng 1josou - 110ddng LiWpy

§ Buipuad UoneaWnIer - Loddng Uiwpy

B 1loddng UWRY - (|E5 BUBLYL pRo|dzIKy

S9N S1UND33Y - ||B) BG4 PROjazING

120 sjunosy - 1uoddng jew3 propzey

| 2nanD §532014 - JUaWdoaaaq pnojeziXy

B 10ddns uwWpy - ASQ POz

I UOLERGSSY - 18D PORZXY

[ 22108U] 1321000u] - Bulljig PROjDTIY

I AISND 19nPoLd - [|E3 BUB Y 7Ixy

E AT SIUN0O3Y - ||e2 auoyd ZIXY

I 8neniy 5539014 - Loddng uWpy

£ oddns lew - Jeddng Ry

B AIanD 13NPOIg - [[E3 3UOL4 PRopEy

@ Hoddns 5ot a3yj0 pnepzixy - 1oddns 59€ 2310 pRopzxy
E sosusan Buiudissy - voddng Sag 110 PRopzyY
W ARND BUIUIBLL 124211 - 1ioddns | W3 PRojpzZRY
@ ANay anant ssadnid - Jioddng [rews propziXy

@ 1oddns jews - yeyn propaxy

E u0ie[a3uRD - 1By PRajziXy

B s9susal] FUIUEIssy - 18y projIzny

§ 219N 1pa4) - Buy|ig pojazny

& A19nD Suig - Buljg pnopzny

B eddns UiwpY - SIUNeoaY pRopzIXy

E BN puasay - ||23 auoy zixy
B 1400dNS 5O 33440 PROJZINY - |[23 ALOY Iy

B Jawoisng Bupsissy - Loddng uiwpy

B 1oddns uiwpy - poddns uipy

B Bjn3 pussey - [|ed 2uold pnojzixy

B UonedyuEA ulewog - 1LeddNg SaE 340 PRojIzIyY

= 14oddns ujwpy - 1oddns §9¢ 2310 PRORZIRY

B 1.0ddng 31n7y - 150ddng jlews3 pnojaziny

B 4oddns 5o¢ 230 POPIIXY - 1oddNS |IeWT pojazixy
I Alay anany ssea0.4 - JUSWdo|3AsE] PRO|SZIXY

= S910AU| 13911050 - S]UNGIDY PROJZIXY

B Uonenossy - |[B) 3UDyg 2Ky

B /BWOISnT anoway - Joddns uiwpy

@ 1Hosan - Loddns uwpy

B 3/0ddng 5o¢ 230 PROZINY - (|83 2UOYd ProjazRy

= A190i0 Ful)|ig - 1817 projzy

= 1.0ddng 535 331)) 0 pRoj37IXY - 1247 PropIIXY

W AIBND SILNODDY - 18D PRePRTINY

B AIBND SIUNO29Y - SIUNG39Y PROPZRY

= Suipseoquo - 1oddns uwpy

= uonejony - Jueddns jiew3 popzy
= 10ddns ujwpy - Juswdojanag propixy
B 140ddns S9E A0 - 18D ok 2Ry

B AN FUI||IE - [[e2 aUoYd ZIXY

B 592/00U1333.400U] - BUliE PropD zixy

Saa$ Ticket Volumes

B Si0nu] 1991500u] - BUIljig pro|D 21Xy
B Sasuan)] Sujseying - poddns uiwpy
B Ol NdIA Yosealy - Jeddng uiwpy
Em AI2NT SIUND22Y - Loddng ujwpy
mm A2nD Suljg - (|23 auoy g projzy
mm 1doddns jlewrs - Loddns |iews propzixy
mE A2y anan( ssac0ud - A3 PNO|IZINY
mm UoNERIVET - Loddns UjWwpy
EEE 724D SMEYS 43pID - Moddng Ujwipy
[ UOE30|Y 3Pal3 - HioddNS Lwpy
EEE uoneleny - Loddns ujwpy
@oueysissy JapiQ - oddng uiupy
uonEREssY - ) 3Ly PRoRzIXY
[ 310ddns S a3y} - (|23 BUOY4 PO PZXY
210N 3Pad7 - Bul|[1g pne|d 2ixy
E ewoysny Sulppy - Joddng uipy
Emm— AIEND HU)|E AfILe - Sullig pnojD 7XY
[ 1.0ddng uIWpY - Yoddng |[ew3 pnopzixy
JuauaeBy paulls - Joddns upy
I 1359Y PlomssEd - 1oddns uwpy
e A1SNT) 19RO - 1847 PROjTIXY
44301 19NPO.J - 1oddns Uwpy
1addns sag 330 - 19y propy
s PUIPUS - USIIEIUALINIGA - UONBASBaY UIWRY
el UNWILGY [BUIaU] - 130ddNg LILPY
s 152nb2Yy 2210AU| - S1UNCI2Y PROPZIXY
EE— 207 - Yoddns 53§ 33Y)0 ProjzXY
EE—— OINdIN YO0l - 34eddns ujwpy
E—— A113Y 3N3ND $5890. - JoddnS LIWpY
EE—— 1530baY B0 1UeUS | - LoddNS SOE SO PROjIZIRY
e—— 41200 §u(|1g - oddng ulwpy
e 140ddns 55¢ 8340 - 1oddns uiwpy
e 140ddNS UjWRY - 184D PRojRziXy
- peddns uiwpy
o191 1aeddns 1josoual i - 1oddns S9E 210 PropRzIXY
adueysissy uido] - poddng uwpy

0413 |E1I0d ga - uoddns ujwpy
©jn3 puasay - Joddns uwpy
— Fuie | (81104 - Poddns ulwpy

Asanig Fuylig - Suylg pnopd 2y
%— $95U8311 - Joddng ulupy

s

aome
s
i
s
Ao
o

97



Appendix M — Service System Causal Lo
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Appendix N — Service System SD Model
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Appendix O — Conceptual Process for Service System Complexity Management
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Appendix P — IT Service System Triple Embedment
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Appendix Q — Service System States

Service System States

Cybernetic System Definition

Inputs Outputs
System | Integratabili iﬁ?fgrlnx:ﬁ Available " " - . "
State yto <_)ther and Market Profitability Integrability S_y;tem State Adequate Investme_n_t System State Market Avallabllnt_y_System State Sustainable Proﬁtat_)n_llty System CompleclSenicalSyetemiStsiD S ion
services ) (S,T) Definition Definition Definition State Definition
(ST) resourcing (S,T)
(S,T) -

1 (1,1) (1,1) (1,1) (1,1) Integrability that can scale Adequate investment Increasing market Profitable and improving This service system has Integrability that can scale with Adequate investment, Increasing market and it's Profitable and improving

2 (1,1) (1,1) (1,1) (0,1) Integrability that can scale Adequate investment Increasing market Unprofitable but improving This service system has Integrability that can scale with Adequate investment, Increasing market and it's Unprofitable but improving

3 (1,1) (1,1) (1,1) (1,0) Integrability that can scale Adequate investment Increasing market Profitable but declining This service system has Integrability that can scale with Adequate investment, Increasing market and it's Profitable but declining

4 (1,1) (1,1) (1,1) (0,0) Integrability that can scale Adequate investment Increasing market Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment, Increasing market and it's Un-Profitable and getting worse

5 (1,1) (1,1) (0,1) (1,1) Integrability that can scale Adequate investment Market share is low but improving Profitable and improving This service system has Integrability that can scale with Adequate investment, Market share is low but improving and it's Profitable and improving

6 (1,1) (1,1) (0,1) (0,1) Integrability that can scale Adequate investment Market share is low but improving Unprofitable but improving This service system has Integrability that can scale with Adequate investment, Market share is low but improving and it's Unprofitable but improving

7 (1,1) (1,1) (0,1) (1,0) Integrability that can scale Adequate investment Market share is low but improving Profitable but declining This service system has Integrability that can scale with Adequate investment, Market share is low but improving and it's Profitable but declining

8 (1,1) (1,1) (0,1) (0,0) Integrability that can scale Adequate investment Market share is low but improving Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment, Market share is low but improving and it's Un-Profitable and getting worse

9 (1,1) (1,1) (1,0) (1,1) Integrability that can scale Adequate investment Market that is ok but declining Profitable and improving This service system has Integrability that can scale with Adequate investment, Market that is ok but declining and it's Profitable and improving

10 (1,1) (1,1) (1,0) (0,1) Integrability that can scale Adequate investment Market that is ok but declining Unprofitable but improving This service system has Integrability that can scale with Adequate investment, Market that is ok but declining and it's Unprofitable but improving

11 (1,1) (1,1) (1,0) (1,0) Integrability that can scale Adequate investment Market that is ok but declining Profitable but declining This service system has Integrability that can scale with Adequate investment, Market that is ok but declining and it's Profitable but declining

12 (1,1) (1,1) (1,0) (0,0) Integrability that can scale Adequate investment Market that is ok but declining Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment, Market that is ok but declining and it's Un-Profitable and getting worse

13 (1,1) (1,1) (0,0) (1,1) Integrability that can scale Adequate investment Low market availability and declining Profitable and improving This service system has Integrability that can scale with Adequate investment, Low market availability and declining and it's Profitable and improving

14 (1,1) (1,1) (0,0) (0,1) Integrability that can scale Adequate investment Low market availability and declining Unprofitable but improving This service system has Integrability that can scale with Adequate investment, Low market availability and declining and it's Unprofitable but improving

15 (1,1) (1,1) (0,0) (1,0) Integrability that can scale Adequate investment Low market availability and declining Profitable but declining This service system has Integrability that can scale with Adequate investment, Low market availability and declining and it's Profitable but declining

16 1,1) 1,1) (0,0) (0,0) Integrability that can scale Adequate investment Low market availability and declining Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment, Low market availability and declining and it's Un-Profitable and getting worse

17 (1,1) (0,1) (1,1) (1,1) Integrability that can scale Inadequate investment and but its incrdIncreasing market Profitable and improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Increasing market and it's Profitable and improving

18 (1,1) (0,1) (1,1) (0,1) Integrability that can scale Inadequate investment and but its incrdIncreasing market Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Increasing market and it's Unprofitable but improving

19 (1,1) (0,1) (1,1) (1,0) Integrability that can scale Inadequate investment and but its incrgIncreasing market Profitable but declining This service system has Integrability that can scale with Inadequate investment and but its increasing, Increasing market and it's Profitable but declining

20 (1,1) (0,1) (1,1) (0,0) Integrability that can scale Inadequate investment and but its incrdIncreasing market Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and but its increasing, Increasing market and it's Un-Profitable and getting worse

21 (1,1) (0,1) (0,1) (1,1) Integrability that can scale Inadequate investment and but its incrdMarket share is low but improving Profitable and improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Market share is low but improving and it's Profitable and improving

22 (1,1) (0,1) (0,1) (0,1) Integrability that can scale Inadequate investment and but its incrdMarket share is low but improving Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Market share is low but improving and it's Unprofitable but improving

23 (1,1) (0,1) (0,1) (1,0) Integrability that can scale Inadequate investment and but its incrdMarket share is low but improving Profitable but declining This service system has Integrability that can scale with Inadequate investment and but its increasing, Market share is low but improving and it's Profitable but declining

24 (1,1) (0,1) (0,1) (0,0) Integrability that can scale Inadequate investment and but its incrdMarket share is low but improving Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and but its increasing, Market share is low but improving and it's Un-Profitable and getting worse

25 1,1) (0,1) (1,0) (1,1) Integrability that can scale Inadequate investment and but its incrdMarket that is ok but declining Profitable and improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Market that is ok but declining and it's Profitable and improving

26 (1,1) (0,1) (1,0) (0,1) Integrability that can scale Inadequate investment and but its incrdMarket that is ok but declining Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Market that is ok but declining and it's Unprofitable but improving

27 (1,1) (0,1) (1,0) (1,0) Integrability that can scale Inadequate investment and but its incrdMarket that is ok but declining Profitable but declining This service system has Integrability that can scale with Inadequate investment and but its increasing, Market that is ok but declining and it's Profitable but declining

28 (1,1) (0,1) (1,0) (0,0) Integrability that can scale Inadequate investment and but its incrdMarket that is ok but declining Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and but its increasing, Market that is ok but declining and it's Un-Profitable and getting worse

29 (1,1) (0,1) (0,0) (1,1) Integrability that can scale Inadequate investment and but its incrdLow market availability and declining Profitable and improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Low market availability and declining and it's Profitable and improving

30 (1,1) (0,1) (0,0) (0,1) Integrability that can scale Inadequate investment and but its incrdLow market availability and declining Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and but its increasing, Low market availability and declining and it's Unprofitable but improving

31 (1,1) (0,1) (0,0) (1,0) Integrability that can scale Inadequate investment and but its incrdLow market availability and declining Profitable but declining This service system has Integrability that can scale with Inadequate investment and but its increasing, Low market availability and declining and it's Profitable but declining

32 1,1) (0,1) (0,0) (0,0) Integrability that can scale Inadequate investment and but its incrdLow market availability and declining Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and but its increasing, Low market availability and declining and it's Un-Profitable and getting worse

33 (1,1) (1,0) (1,1) (1,1) Integrability that can scale Adequate investment but reducing Increasing market Profitable and improving This service system has Integrability that can scale with Adequate investment but reducing, Increasing market and it's Profitable and improving

34 (1,1) (1,0) (1,1) (0,1) Integrability that can scale Adequate investment but reducing Increasing market Unprofitable but improving This service system has Integrability that can scale with Adequate investment but reducing, Increasing market and it's Unprofitable but improving

85 (1,1) (1,0) (1,1) (1,0) Integrability that can scale Adequate investment but reducing Increasing market Profitable but declining This service system has Integrability that can scale with Adequate investment but reducing, Increasing market and it's Profitable but declining

36 (1,1) (1,0) (1,1) (0,0) Integrability that can scale Adequate investment but reducing Increasing market Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment but reducing, Increasing market and it's Un-Profitable and getting worse

37 (1,1) (1,0) (0,1) (1,1) Integrability that can scale Adequate investment but reducing Market share is low but improving Profitable and improving This service system has Integrability that can scale with Adequate investment but reducing, Market share is low but improving and it's Profitable and improving

38 (1,1) (1,0) (0,1) (0,1) Integrability that can scale Adequate investment but reducing Market share is low but improving Unprofitable but improving This service system has Integrability that can scale with Adequate investment but reducing, Market share is low but improving and it's Unprofitable but improving

39 (1,1) (1,0) (0,1) (1,0) Integrability that can scale Adequate investment but reducing Market share is low but improving Profitable but declining This service system has Integrability that can scale with Adequate investment but reducing, Market share is low but improving and it's Profitable but declining

40 (1,1) (1,0) (0,1) (0,0) Integrability that can scale Adequate investment but reducing Market share is low but improving Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment but reducing, Market share is low but improving and it's Un-Profitable and getting worse

41 1,1) (1,0) (1,0) (1,1) Integrability that can scale Adequate investment but reducing Market that is ok but declining Profitable and improving This service system has Integrability that can scale with Adequate investment but reducing, Market that is ok but declining and it's Profitable and improving

42 (1,1) (1,0) (1,0) (0,1) Integrability that can scale Adequate investment but reducing Market that is ok but declining Unprofitable but improving This service system has Integrability that can scale with Adequate investment but reducing, Market that is ok but declining and it's Unprofitable but improving

43 (1,1) (1,0) (1,0) (1,0) Integrability that can scale Adequate investment but reducing Market that is ok but declining Profitable but declining This service system has Integrability that can scale with Adequate investment but reducing, Market that is ok but declining and it's Profitable but declining

44 (1,1) (1,0) (1,0) (0,0) Integrability that can scale Adequate investment but reducing Market that is ok but declining Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment but reducing, Market that is ok but declining and it's Un-Profitable and getting worse

45 (1,1) (1,0) (0,0) (1,1) Integrability that can scale Adequate investment but reducing Low market availability and declining Profitable and improving This service system has Integrability that can scale with Adequate investment but reducing, Low market availability and declining and it's Profitable and improving

46 (1,1) (1,0) (0,0) (0,1) Integrability that can scale Adequate investment but reducing Low market availability and declining Unprofitable but improving This service system has Integrability that can scale with Adequate investment but reducing, Low market availability and declining and it's Unprofitable but improving

47 (1,1) (1,0) (0,0) (1,0) Integrability that can scale Adequate investment but reducing Low market availability and declining Profitable but declining This service system has Integrability that can scale with Adequate investment but reducing, Low market availability and declining and it's Profitable but declining

48 1,1) (1,0) (0,0) (0,0) Integrability that can scale Adequate investment but reducing Low market availability and declining Un-Profitable and getting worse This service system has Integrability that can scale with Adequate investment but reducing, Low market availability and declining and it's Un-Profitable and getting worse

49 (1,1) (0,0) (1,1) (1,1) Integrability that can scale Inadequate investment and getting worlIncreasing market Profitable and improving This service system has Integrability that can scale with Inadequate investment and getting worse, Increasing market and it's Profitable and improving

50 (1,1) (0,0) (1,1) (0,1) Integrability that can scale Inadequate investment and getting worIncreasing market Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and getting worse, Increasing market and it's Unprofitable but improving

51 (1,1) (0,0) (1,1) (1,0) Integrability that can scale Inadequate investment and getting worIncreasing market Profitable but declining This service system has Integrability that can scale with Inadequate investment and getting worse, Increasing market and it's Profitable but declining

52 (1,1) (0,0) (1,1) (0,0) Integrability that can scale Inadequate investment and getting worIncreasing market Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and getting worse, Increasing market and it's Un-Profitable and getting worse

53 (1,1) (0,0) (0,1) (1,1) Integrability that can scale Inadequate investment and getting woflMarket share is low but improving Profitable and improving This service system has Integrability that can scale with Inadequate investment and getting worse, Market share is low but improving and it's Profitable and improving

54 (1,1) (0,0) (0,1) (0,1) Integrability that can scale Inadequate investment and getting woMarket share is low but improving Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and getting worse, Market share is low but improving and it's Unprofitable but improving

55 (1,1) (0,0) (0,1) (1,0) Integrability that can scale Inadequate investment and getting woflMarket share is low but improving Profitable but declining This service system has Integrability that can scale with Inadequate investment and getting worse, Market share is low but improving and it's Profitable but declining

56 (1,1) (0,0) (0,1) (0,0) Integrability that can scale Inadequate investment and getting woffMarket share is low but improving Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and getting worse, Market share is low but improving and it's Un-Profitable and getting worse

57 1,1) (0,0) (1,0) (1,1) Integrability that can scale Inadequate investment and getting wofMarket that is ok but declining Profitable and improving This service system has Integrability that can scale with Inadequate investment and getting worse, Market that is ok but declining and it's Profitable and improving

58 (1,1) (0,0) (1,0) (0,1) Integrability that can scale Inadequate investment and getting woffMarket that is ok but declining Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and getting worse, Market that is ok but declining and it's Unprofitable but improving

59 (1,1) (0,0) (1,0) (1,0) Integrability that can scale Inadequate investment and getting wofMarket that is ok but declining Profitable but declining This service system has Integrability that can scale with Inadequate investment and getting worse, Market that is ok but declining and it's Profitable but declining

60 (1,1) (0,0) (1,0) (0,0) Integrability that can scale Inadequate investment and getting wofMarket that is ok but declining Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and getting worse, Market that is ok but declining and it's Un-Profitable and getting worse

61 (1,1) (0,0) (0,0) (1,1) Integrability that can scale Inadequate investment and getting woilLow market availability and declining Profitable and improving This service system has Integrability that can scale with Inadequate investment and getting worse, Low market availability and declining and it's Profitable and improving

62 (1,1) (0,0) (0,0) (0,1) Integrability that can scale Inadequate investment and getting worlLow market availability and declining Unprofitable but improving This service system has Integrability that can scale with Inadequate investment and getting worse, Low market availability and declining and it's Unprofitable but improving

63 (1,1) (0,0) (0,0) (1,0) Integrability that can scale Inadequate investment and getting worlLow market availability and declining Profitable but declining This service system has Integrability that can scale with Inadequate investment and getting worse, Low market availability and declining and it's Profitable but declining

64 1,1) (0,0) (0,0) (0,0) Integrability that can scale Inadequate investment and getting worlLow market availability and declining Un-Profitable and getting worse This service system has Integrability that can scale with Inadequate investment and getting worse, Low market availability and declining and it's Un-Profitable and getting worse

65 (0,1) (1,1) (1,1) (1,1) Integrability does not meet custom |Adequate investment Increasing market Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Increasing market and it's Profitable and improving

66 (0,1) (1,1) (1,1) (0,1) Integrability does not meet custom |Adequate investment Increasing market Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Increasing market and it's Unprofitable but improving

67 (0,1) (1,1) (1,1) (1,0) Integrability does not meet custom |Adequate investment Increasing market Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment, Increasing market and it's Profitable but declining

68 (0,1) (1,1) (1,1) (0,0) Integrability does not meet custom |Adequate investment Increasing market Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment, Increasing market and it's Un-Profitable and getting worse

69 (0,1) (1,1) (0,1) (1,1) Integrability does not meet custom |Adequate investment Market share is low but improving Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Market share is low but improving and it's Profitable and improving

70 (0,1) (1,1) (0,1) (0,1) Integrability does not meet custom |Adequate investment Market share is low but improving Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Market share is low but improving and it's Unprofitable but improving

71 (0,1) (1,1) (0,1) (1,0) Integrability does not meet custom |Adequate investment Market share is low but improving Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment, Market share is low but improving and it's Profitable but declining

72 (0,1) (1,1) (0,1) (0,0) Integrability does not meet custom |Adequate investment Market share is low but improving Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment, Market share is low but improving and it's Un-Profitable and getting worse

73 (0,1) (1,1) (1,0) (1,1) Integrability does not meet custom |Adequate investment Market that is ok but declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Market that is ok but declining and it's Profitable and improving

74 (0,1) (1,1) (1,0) (0,1) Integrability does not meet custom |Adequate investment Market that is ok but declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Market that is ok but declining and it's Unprofitable but improving

75 (0,1) (1,1) (1,0) (1,0) Integrability does not meet custom |Adequate investment Market that is ok but declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment, Market that is ok but declining and it's Profitable but declining

76 (0,1) (1,1) (1,0) (0,0) Integrability does not meet custom |Adequate investment Market that is ok but declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment, Market that is ok but declining and it's Un-Profitable and getting worse

77 (0,1) (1,1) (0,0) (1,1) Integrability does not meet custom |Adequate investment Low market availability and declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Low market availability and declining and it's Profitable and improving

78 (0,1) (1,1) (0,0) (0,1) Integrability does not meet custom |Adequate investment Low market availability and declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment, Low market availability and declining and it's Unprofitable but improving

79 (0,1) (1,1) (0,0) (1,0) Integrability does not meet custom |Adequate investment Low market availability and declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment, Low market availability and declining and it's Profitable but declining

80 (0,1) 1,1) (0,0) (0,0) Integrability does not meet custom |Adequate investment Low market availability and declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment, Low market availability and declining and it's Un-Profitable and getting worse

81 (0,1) (0,1) (1,1) (1,1) Integrability does not meet custom |Inadequate investment and but its incrgIncreasing market Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Increasing market and it's Profitable and improving

82 (0,1) (0,1) (1,1) (0,1) Integrability does not meet custom |Inadequate investment and but its incrgIncreasing market Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Increasing market and it's Unprofitable but improving

83 (0,1) (0,1) (1,1) (1,0) Integrability does not meet custom |Inadequate investment and but its incrgIncreasing market Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Increasing market and it's Profitable but declining

84 (0,1) (0,1) (1,1) (0,0) Integrability does not meet custom |Inadequate investment and but its incrdIncreasing market Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Increasing market and it's Un-Profitable and getting worse
85 (0,1) (0,1) (0,1) (1,1) Integrability does not meet custom |Inadequate investment and but its incrdMarket share is low but improving Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Market share is low but improving and it's Profitable and im
86 (0,1) (0,1) (0,1) (0,1) Integrability does not meet custom |Inadequate investment and but its incrdMarket share is low but improving Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but itsincreasing, Market share is low but improving and it's Unprofitable but i
87 (0,1) (0,1) (0,1) (1,0) Integrability does not meet custom |Inadequate investment and but its incr§Market share is low but improving Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Market share is low but improving and it's Profitable but de
88 (0,1) (0,1) (0,1) (0,0) Integrability does not meet custom |Inadequate investment and but its incrdMarket share is low but improving Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Market share is low butimproving and it's Un-Profitable and
89 (0,1) (0,1) (1,0) (1,1) Integrability does not meet custom |Inadequate investment and but its incrdMarket that is ok but declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Market that is ok but declining and it's Profitable and improv
90 (0,1) (0,1) (1,0) (0,1) Integrability does not meet custom |Inadequate investment and but its incrdMarket that is ok but declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Market that is ok but declining and it's Unprofitable but impr
91 (0,1) (0,1) (1,0) (1,0) Integrability does not meet custom |Inadequate investment and but its incrdMarket that is ok but declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Market that is ok but declining and it's Profitable but declini
92 (0,1) (0,1) (1,0) (0,0) Integrability does not meet custom |Inadequate investment and but its incrdMarket that is ok but declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Market that is ok but declining and it's Un-Profitable and get
93 (0,1) (0,1) (0,0) (1,1) Integrability does not meet custom |Inadequate investment and but its incrdLow market availability and declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Low market availability and declining and it's Profitable and
94 (0,1) (0,1) (0,0) (0,1) Integrability does not meet custom |Inadequate investment and but its incrdLow market availability and declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Low market availability and declining and it's Unprofitable b
95 (0,1) (0,1) (0,0) (1,0) Integrability does not meet custom |Inadequate investment and but its incrgdLow market availability and declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Low market availability and declining and it's Profitable but
96 (0,1) (0,1) (0,0) (0,0) Integrability does not meet custom |Inadequate investment and but its incrgLow market availability and declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and but its increasing, Low market availability and declining and it's Un-Profitable
97 (0,1) (1,0) (1,1) (1,1) Integrability does not meet custom |Adequate investment but reducing Increasing market Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Increasing market and it's Profitable and improving

98 (0,1) (1,0) (1,1) (0,1) Integrability does not meet custom |Adequate investment but reducing Increasing market Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Increasing market and it's Unprofitable but improving

99 (0,1) (1,0) (1,1) (1,0) Integrability does not meet custom |Adequate investment but reducing Increasing market Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Increasing market and it's Profitable but declining
100 (0,1) (1,0) (1,1) (0,0) Integrability does not meet custom |Adequate investment but reducing Increasing market Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Increasing market and it's Un-Profitable and getting worse
101 (0,1) (1,0) (0,1) (1,1) Integrability does not meet custom |Adequate invetment but reducing Market share is low but improving Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market share is low but improving and it's Profitable and improving
102 (0,1) (1,0) (0,1) (0,1) Integrability does not meet custom |Adequate invetment but reducing Market share is low but improving Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market share is low but improving and it's Unprofitable but improving
103 (0,1) (1,0) (0,1) (1,0) Integrability does not meet custom |Adequate invetment but reducing Market share is low but improving Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market share is low but improving and it's Profitable but declining
104 (0,1) (1,0) (0,1) (0,0) Integrability does not meet custom |Adequate invetment but reducing Market share is low but improving Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market share is low but improving and it's Un-Profitable and getting wo
105 (0,1) (1,0) (1,0) (1,1) Integrability does not meet custom |Adequate invetment but reducing Market that is ok but declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market that is ok but declining and it's Profitable and improving
106 (0,1) (1,0) (1,0) (0,1) Integrability does not meet custom |Adequate invetment but reducing Market that is ok but declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market that is ok but declining and it's Unprofitable but improving
107 (0,1) (1,0) (1,0) (1,0) Integrability does not meet custom |Adequate invetment but reducing Market that is ok but declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market that is ok but declining and it's Profitable but declining
108 (0,1) (1,0) (1,0) (0,0) Integrability does not meet custom |Adequate invetment but reducing Market that is ok but declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Market that is ok but declining and it's Un-Profitable and getting wors
109 (0,1) (1,0) (0,0) (1,1) Integrability does not meet custom |Adequate invetment but reducing Low market availability and declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Low market availability and declining and it's Profitable and improvin
110 (0,1) (1,0) (0,0) (0,1) Integrability does not meet custom |Adequate invetment but reducing Low market availability and declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Low market availability and declining and it's Unprofitable but improv
111 (0,1) (1,0) (0,0) (1,0) Integrability does not meet custom |Adequate invetment but reducing Low market availability and declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Low market availability and declining and it's Profitable but declining
112 (0,1) (1,0) (0,0) (0,0) Integrability does not meet custom |Adequate invetment but reducing Low market availability and declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Adequate investment but reducing, Low market availability and declining and it's Un-Profitable and getting
113 (0,1) (0,0) (1,1) (1,1) Integrability does not meet custom |Inadequate investment and getting worlIncreasing market Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Increasing market and it's Profitable and improving
114 (0,1) (0,0) (1,1) (0,1) Integrability does not meet custom |Inadequate investment and getting worIncreasing market Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Increasing market and it's Unprofitable but improving
115 (0,1) (0,0) (1,1) (1,0) Integrability does not meet custom |Inadequate investment and getting worIncreasing market Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Increasing market and it's Profitable but declining
116 (0,1) (0,0) (1,1) (0,0) Integrability does not meet custom |Inadequate investment and getting worIncreasing market Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Increasing market and it's Un-Profitable and getting worse
117 (0,1) (0,0) (0,1) (1,1) Integrability does not meet custom |Inadequate investment and getting woflMarket share is low but improving Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market share is low but improving and it's Profitable and impro
118 (0,1) (0,0) (0,1) (0,1) Integrability does not meet custom |Inadequate investment and getting woflMarket share is low but improving Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market share islow but improving and it's Unprofitable but imp
119 (0,1) (0,0) (0,1) (1,0) Integrability does not meet custom |Inadequate investment and getting wofMarket share is low but improving Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market share is low butimproving and it's Profitable but declin
120 (0,1) (0,0) (0,1) (0,0) Integrability does not meet custom |Inadequate investment and getting worjMarket share is low but improving Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market share islow but improving and it's Un-Profitable and ge
121 (0,1) (0,0) (1,0) (1,1) Integrability does not meet custom |Inadequate investment and getting woqMarket that is ok but declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market that is ok but declining and it's Profitable and improving
122 (0,1) (0,0) (1,0) (0,1) Integrability does not meet custom |Inadequate investment and getting wofjMarket that is ok but declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market that is ok but declining and it's Unprofitable but improvi
123 (0,1) (0,0) (1,0) (1,0) Integrability does not meet custom |Inadequate investment and getting woMarket that is ok but declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market that is ok but declining and it's Profitable but declining
124 (0,1) (0,0) (1,0) (0,0) Integrability does not meet custom |Inadequate investment and getting woqMarket that is ok but declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Market that is ok but declining and it's Un-Profitable and gettin
125 (0,1) (0,0) (0,0) (1,1) Integrability does not meet custom |Inadequate investment and getting worlLow market availability and declining Profitable and improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Low market availability and declining and it's Profitable and im
126 (0,1) (0,0) (0,0) (0,1) Integrability does not meet custom |Inadequate investment and getting worlLow market availability and declining Unprofitable but improving This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Low market availability and declining and it's Unprofitable but i
127 (0,1) (0,0) (0,0) (1,0) Integrability does not meet custom |Inadequate investment and getting worlLow market availability and declining Profitable but declining This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Low market availability and declining and it's Profitable but dec
128 (0,1) (0,0) (0,0) (0,0) Integrability does not meet custom |Inadequate investment and getting worlLow market availability and declining Un-Profitable and getting worse This service system has Integrability does not meet customer standards but improving with Inadequate investment and getting worse, Low market availability and declining and it's Un-Profitable and
129 (1,0) (1,1) (1,1) (1,1) Integrability is ok but customersar |Adequate investment Increasing market Profitable and improving This service system has Integrability is ok but customers are complaining with Adequate investment, Increasing market and it's Profitable and improving
130 (1,0) (1,1) (1,1) (0,1) Integrability is ok but customersar |Adequate investment Increasing market Unprofitable but improving This service system has Integrability is ok but customers are complaining with Adequate investment, Increasing market and it's Unprofitable but improving
131 (1,0) (1,1) (1,1) (1,0) Integrability is ok but customersar |Adequate investment Increasing market Profitable but declining This service system has Integrability is ok but customers are complaining with Adequate investment, Increasing market and it's Profitable but declining
132 (1,0) (1,1) (1,1) (0,0) Integrability is ok but customersar |Adequate investment Increasing market Un-Profitable and getting worse This service system has Integrability is ok but customers are complaining with Adequate investment, Increasing market and it's Un-Profitable and getting worse
133 (1,0) (1,1) (0,1) (1,1) Integrability is ok but customersar |Adequate investment Market share is low but improving Profitable and improving This service system has Integrability is ok but customers are complaining with Adequate investment, Market share is low but improving and it's Profitable and improving
134 (1,0) (1,1) (0,1) (0,1) Integrability is ok but customersar |Adequate investment Market share is low but improving Unprofitable but improving This service system has Integrability is ok but customers are complaining with Adequate investment, Market share is low but improving and it's Unprofitable but improving
135 (1,0) (1,1) (0,1) (1,0) Integrability is ok but customersar |Adequate investment Market share is low but improving Profitable but declining This service system has Integrability is ok but customers are complaining with Adequate investment, Market share is low but improving and it's Profitable but declining
136 (1,0) (1,1) (0,1) (0,0) Integrability is ok but customersar |Adequate investment Market share is low but improving Un-Profitable and getting worse This service system has Integrability is ok but customers are complaining with Adequate investment, Market share is low but improving and it's Un-Profitable and getting worse
137 (1,0) 1,1) (1,0) (1,1) Integrability is ok but customersar |Adequate investment Market that is ok but declining Profitable and improving This service system has Integrability is ok but customers are complaining with Adequate investment, Market that is ok but declining and it's Profitable and improving
138 (1,0) (1,1) (1,0) (0,1) Integrability is ok but customersar |Adequate investment Market that is ok but declining Unprofitable but improving This service system has Integrability is ok but customers are complaining with Adequate investment, Market that is ok but declining and it's Unprofitable but improving
139 (1,0) (1,1) (1,0) (1,0) Integrability is ok but customersar |Adequate investment Market that is ok but declining Profitable but declining This service system has Integrability is ok but customers are complaining with Adequate investment, Market that is ok but declining and it's Profitable but declining
140 (1,0) (1,1) (1,0) (0,0) Integrability is ok but customersar |Adequate investment Market that is ok but declining Un-Profitable and getting worse This service system has Integrability is ok but customers are complaining with Adequate investment, Market that is ok but declining and it's Un-Profitable and getting worse
141 (1,0) (1,1) (0,0) (1,1) Integrability is ok but customersar |Adequate investment Low market availability and declining Profitable and improving This service system has Integrability is ok but customers are complaining with Adequate investment, Low market availability and declining and it's Profitable and improving
142 (1,0) (1,1) (0,0) (0,1) Integrability is ok but customersar |Adequate investment Low market availability and declining Unprofitable but improving This service system has Integrability is ok but customers are complaining with Adequate investment, Low market availability and declining and it's Unprofitable but improving
143 (1,0) (1,1) (0,0) (1,0) Integrability is ok but customersar |Adequate investment Low market availability and declining Profitable but declining This service system has Integrability is ok but customers are complaining with Adequate investment, Low market availability and declining and it's Profitable but declining
144 (1,0) (1,1) (0,0) (0,0) Integrability is ok but customersar |Adequate investment Low market availability and declining Un-Profitable and getting worse This service system has Integrability is ok but customers are complaining with Adequate investment, Low market availability and declining and it's Un-Profitable and getting worse
145 (1,0) (0,1) (1,1) (1,1) Integrability is ok but customersar |Inadequate investment and but its incrgIncreasing market Profitable and improving This service system has Integrability is ok but customers are complaining with Inadequate investment and but its increasing, Increasing market and it's Profitable and improving
146 (1,0) (0,1) (1,1) (0,1) Integrability is ok but customersar |Inadequate investment and but its incrgIncreasing market Unprofitable but improving This service system has Integrability is ok but customers are complaining with Inadequate investment and but its increasing, Increasing market and it's Unprofitable but improving
147 (1,0) (0,1) (1,1) (1,0) Integrability is ok but customersar |Inadequate investment and but its incrglIncreasing market Profitable but declining This service system has Integrability is ok but customers are complaining with Inadequate investment and but its increasing, Increasing market and it's Profitable but declining
148 (1,0) (0,1) (1,1) (0,0) Integrability is ok but customersar |Inadequate investment and but its incrgIncreasing market Un-Profitable and getting worse This service system has Integrability is ok but customers are complaining with Inadequate investment and but its increasing, Increasing market and it's Un-Profitable and getting worse
149 (1,0) (0,1) (0,1) (1,1) Integrability is ok but customersar |Inadequate investment and but its incr§Market share is low but improving Profitable and improving This service system has Integrability is ok but customers are complaining with Inadequate investment and but its increasing, Market share is low but improving and it's Profitable and improving
253 (0,0) (0,0) (0,0) (1,1) Bad Integrability and frustratingcu |Inadequate investment and getting worlLow market availability and declining Profitable and improving This service system has Bad Integrability and frustrating customers more with Inadequate investment and getting worse, Low market availability and declining and it's Profitable and improving
254 (0,0) (0,0) (0,0) (0,1) Bad Integrability and frustratingcu |Inadequate investment and getting worlLow market availability and declining Unprofitable but improving This service system has Bad Integrability and frustrating customers more with Inadequate investment and getting worse, Low market availability and declining and it's Unprofitable but improving
255 (0,0) (0,0) (0,0) (1,0) Bad Integrability and frustratingcu |Inadequate investment and getting worlLow market availability and declining Profitable but declining This service system has Bad Integrability and frustrating customers more with Inadequate investment and getting worse, Low market availability and declining and it's Profitable but declining
256 (0,0) (0,0) (0,0) (0,0) Bad Integrability and frustratingcu |Inadequate investment and getting worlLow market availability and declining Un-Profitable and getting worse This service system has Bad Integrability and frustrating customers more with Inadequate investment and getting worse, Low market availability and declining and it's Un-Profitable and getting wors
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Appendix R—IT Service System VSM

IT Service System Viable System Model

AN
INTERFACE INTO HIGHE ODER ECURSION
The ICI In ‘

WHOLE ENVIRONMENT

Potential Future1

Scouting, exploration of

demands and needs

" IT Service Provider B2B
N\

Ethos \

\ “\‘ -
\FIVE| Commre) |

" System Values
RN kY > orms ©

A\
\ Beliefs
e edonic '¢'
\\ tel

N h
\ N S
Y A Future View

Software
Solutions

Consumer
Market

“—-~~
EMBEDDED .
MARKETS \

Platform Consumer
Market

IT Infrastructure
Consumer Market

Outsourced IT Management
Services Consumer Market

IT Services and Solutions
Consumer Market

~
il T TR e

4 T !
/ ) Ficd
FOUR\ o [
*{f@ﬁ(i\“} iP daptive | -t
{ § \ Hypotesis Drjven %
\ ! i
\ ‘\\ Inside ahd Now View J
%‘\—?\fﬂ” 3 Tactics =
\_ | Interng) Symbibsis
THREE® | i
p | Spneray {
Optimisation of Drivey
THREE STAR Self-Organisation | |
Sporadic Audits / Overall

Anomaly Detection
Learning Potential

ONE OPS.

Harmonization

:

"N TWO
AN

/

Daily Coordination,
Harmonization

e.g Bespoke
Solutions
Deployments

Channels:

(a) Anti-Oscilation, autonomous

(b) Interventions and rules

(c) Resource bargaining

(d) Operational linkages - Integration

(e) Sporadic Audits - Residual Variety Detection
(f) Overlapping sub-environments

IT SERVICE PROVIDER B2B SERVICE SYSTEM
SYSTEM IN FOCUS

—

103

INTERFACE INTO SAME LEVEL RECURSION
ICT Service Provider B2C

Integration into
other

Service Systems
and Vendors

()
ya All dots present an interface
\ between subsystems




Appendix S — IT Service System Homeostatic Loop Analysis
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