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Abstract

Military Forces have been motivated to partner in innovative efforts under the
auspices of interoperability, risk reduction, and cost savings. While networks
involving a supplier-consumer value chain do exist, there are more prevalent
collaborative connections that have an international span. This thesis proposes
that these are Innovation Networks, and that the organizations and relationships
therein can be analyzed using salient theory. This thesis shows that having a
means of visualizing the innovation network could assist challenges in these
networks. As an additional line of investigation, this thesis delves into the study of
Modelling and Simulation (M&S) itself, offering a categorization of how M&S
supports military applications. This research encompasses qualitative case
studies on innovation networks, centered around defence technology
demonstration projects which involved M&S technologies. This work analyzed
empirical evidence, drawing on relevant theory and applied practices from
various disciplines, including Modelling and Simulation, Military Transformation

and Innovation Theory.
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1 INTRODUCTION

1.1 Background

Technological innovation within the private sector is sought for many reasons,
including staying ahead of one’s competitors, increasing profits, or reducing
costs. Within the public sector, and specifically, the military domain, innovation is
becoming ever more important. The military seeks to be innovative in order to
remain ahead of adversaries encountered in military operations — when risk is
measured not in dollars but in lives. Canadian and Allied Forces have often been
motivated to partner in innovative efforts under the auspices of interoperability,
cost savings, as well as risk reduction (project risk and risk to life).

While networks involving a traditional supplier-consumer value chain do exist,
there are more prevalent collaborative connections that span internationally, and
into other domains.

1.2 Motivation

With expansive globalization, and proliferation of advanced technologies, the
innovative landscape is becoming evermore complex to manage. Billions of
dollars are spent annually within Canada on defence acquisition programs,
including a significant amount on innovative endeavours. Many different
collaborative vehicles to permit innovation have emerged, and there has been an
increasing amount of organizations and technologies linked by this web of

collaborative vehicles. This has resulted in a highly complex global innovation



environment. However, the tools to manage this complexity have not evolved as
fast as the innovative environment. In these times of restricted personnel and
financial resources, military planners resort to relatively simple and isolated tools
to manage defence acquisition and innovation programs.

Additionally, with the complexity of technologies available, M&S technologies
have evolved — as has the community that uses and develops them. Within the
evolving M&S community there are a myriad of inter-related terms that blur what
M&S capabilities truly offer, and how they can be of benefit to the military.
Furthermore non-M&S practitioners do not properly understand how M&S can be
used in defence applications, and specifically, in innovative endeavours.

This research focuses on innovation in defence, specifically within the realm
of Modelling and Simulation (M&S) applied to defence innovation. The aim of this
thesis is to explore how Defence innovators collaborate using M&S.
Organizations discussed within these networks span the Public and Private
Sectors, originating in multiple countries. This thesis proposes that with the
realities of today’s environment, defence innovators need to improve
collaboration through adoption of an innovation networks view, and the ability to
better coordinate and orchestrate innovation — such as by actually visualizing the

innovation network itself.



1.3 Research Method

This research examined two case studies of demonstration projects, and
determined how these focused networks collaborate to innovate, using M&S
technologies. The Case Study Method was employed, comparing and contrasting
two cases, and analyzing in detail the organizations, technologies, relationships
and interdependencies within the projects. The two cases were selected due to
their contrasting use of M&S technologies, as well as different nation’s approach
to innovation and collaboration. This research examined extant literature in
several relevant domains, then performed in-case analysis, followed by a cross-
case comparison. A categorization of M&S used in support of military activities
was generated, innovation network maps were generated, and in analyzing the
network maps, gaps in collaboration and subsequent areas for improvement
were identified.
1.4 Objective and Research Question

The objective of this research is to determine how collaboration and the
resulting innovation output is achieved, in select innovation networks surrounding
defence projects where M&S technologies have an important role. Simply put,
within specific defence projects that use M&S, we examine which organizations
they partner with, either as key partners, suppliers, contractors, allies, 'or other
types of stakeholders. We then determine how these actors are related, how they

interact, and how the end product(s) are produced.



More specifically, the objective of this research is to answer the key research
question:
“How do defence innovators collaborate to innovate using Modelling
and Simulation, and can an innovation network viewpoint help identify

areas for improving collaboration?”

1.5 Deliverables and Contribution

This research delivers visualizations of existing innovation networks,
surrounding defence demonstration projects involving M&S technologies. Using
the visualizations, areas for improved collaboration were identified. In support of
these maps, key factors for mapping defence innovative networks were derived,
and used to build the maps. Subordinate to these factors is a categorization of
M&S support to military applications, which is derived from theoretical and
practical sources. This categorization as well as the maps enables us to
understand how defence innovators collaborate, how to improve collaboration,
and gives us understanding as to the relationships that are present.

This research contributes to the extant literature on innovation networks by
providing insight into how defence innovation network members can better
collaborate and innovate, using M&S. Currently there is no formalized view on
M&S in support of military applications; there are only project-specific, or

organization-specific views on M&S. This works proposes that an overarching



categorization of M&S in support of military applications does exist, and should
be used as a means of standardizing how practitioners of M&S within the
Defence domain communicate about M&S. This categorization can likely be used
outside of the military domain. This categorization is a valuable contribution since
it can be adopted, discussed, built upon and extended to formalize the overall
practice of M&S within and beyond the Defence domain. The M&S categories
served as an additional data element to map to each organization, where
possible. This allowed for searching and grouping organizations into communities
of practice, based on their involvement with different types of military activities
that M&S supports.

Additionally, research on network mapping, network visualization, innovation
networks, and business ecosystems have not been extensively applied to the
“business” of military innovation — especially not from the Government’s point-of-
view. As such, this work is paving the way for future research and development in
this area. By initially mapping the selected innovation networks, this work can
serve as a stepping stone in the development of the data networks to support
Defence innovation, and simulation events themselves. This work also gives
greater understanding as to how M&S technologies can be used to suppbrt
innovative efforts. In essence, this research bridges the functional domains of
Business Theory, Military Operations and Modelling and Simulation to provide

stakeholders within the Defence and Security community with a number of tools



to apply to future defence innovation efforts, so that collaboration in defence
innovation can be improved, reducing costs (increasing reuse), and shortening
development timelines.

1.6 Thesis Overview

Canadian and Allied Forces have often been motivated to partner in
innovative efforts under the auspices of interoperability, risk reduction, as well as
cost savings. While networks involving a traditional supplier-consumer value
chain do exist, there are collaborative connections that span into international
and other domains. This thesis proposes that these are in fact innovation
networks, and that the loose coupling between its partners can be analyzed using
salient innovation network theory. This thesis will show that loose coupling does
exist, and that challenges in these networks can be partially overcome by have a
means of visualizing the innovation network.

As a peripheral yet important line of investigation, this thesis delves into the
study of M&S itself, offering a categorization and explanation of how M&S is used
in innovative endeavours, and beyond.

This research examines Unclassified data from technology demonstration
projects within the defence domain, which involve M&S technologies. However,
the deductions drawn herein can be applied to Classified Projects, or projects
outside of the Defence domain. Projects were selected from the US Joint

Capability Technology Demonstration (JCTD) Program, as well as the Canadian



Technology Demonstration Project (TDP) Program. Data was gathered through
official (releasable) project documentation, as well as documents and website
pages in the Public domain. This research encompasses qualitative case studies
on specific innovation networks, centered around the specific technology
demonstrations involving M&S tools.

This work analyzes empirical evidence from actual defence projects, drawing
on relevant theory and applied practices from various disciplines, including
Modelling and Simulation, Social Network, Business Management, Business
Ecosystems and Innovation Theories.

This work focuses on inter-relationships between organizations and
technologies, and assists in the management of inter-dependencies. Within any
endeavour, there will be collaboration and dependencies on things outside of
your control. This thesis offers a vision of how to identify, map and manage
these dependencies, so that issues can be identified at the forefront, and strategy
can be planned accordingly.

1.7 Summary of Results

It was discovered that many terms used by international stakeholders to
describe the application of M&S to military applications had structure, and a
hierarchy. An ontology of terms for Modelling and Simulation Support to Military
Applications was derived, that was organized into five high-level categories, with

many relevant sub-categories. The high-level categories are as follows:



* Qperations and Planning

* Training and Education

* Acquisition and Support

* Concept Development and Experimentation
* Research, Development and Analysis

The important factors that were identified to be mapped out conformed to the
“People, Processes and Technologies” model, however, this was modified to map
out People (Organizations), Technologies, and the relationships that link them.
Organizations and Technologies formed the nodes on the Innovation Network
Map, and the relationships or dependencies formed the links.

There were a number of “Collaborative Vehicles” or different relationship
types between organizations that were identified, spanning from formal Contracts
to informal memberships. A mapping of Relationship Types to Collaboration
Types was done as well, adding further value to the research.

An innovation network map was developed to map out many technologies
and organizations between the two Case Study Projects — and the complex
relationships that linked them (Appendix 1 — Innovation Network Map). Of the two
Case Study Projects which had very different use of M&S technologies, it was
discovered that there were five organizations and one M&S technology that were
common to both Case Studies. This resulted in some observations of areas for

potential collaboration that could occur in the future.



Furthermore, there were a number of requirements that were detailed on the
structure of an Innovation Network tool.
1.8 Document Organization

Chapter 2 offers a review of the salient literature, and summarizes relevant
deductions that have guided this work. In Chapter 3 details the method by which
the research was conducted, after which the results of the research are detailed
in Chapter 4. A discussion of the results is conducted in Chapter 5. Concluding
the document are Chapters 6, 7, 8 and 9 which detail the Thesis’ Conclusions,

Recommendations, Limitations and Future Work respectively.
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2 LITERATURE REVIEW

2.1 Definitions

This research spans both the Public and Private Sectors, most importantly
within the Government / Military domain, as well as interdependencies with
Academia and Industry. One of the key challenges that this research will delve
into is the lack of clarity and unity in terminology used within the realm of M&S
since it is broadly used in a number of different domains.

As such, it is necessary to define a number of terms, as they will be used in
this work. Much terminology that this work deals with have typically been fairly
heavily weighted with meaning, and connote different things within different
domains. Therefore, we begin with offering definitions of key terms, and a brief
explanation of the general relevance of the term, as it will be used in this work.

* Innovation — “derived from Latin, meaning to introduce something new to
the existing realm and order of things or to change the yield of resources”
(Carayannis et al, 2008).

* Network — a connection of entities, including organizations. It includes the
entities, as well as their logical connections. The term network may denote
a social, innovation, or data network. However, when not specified in this
work, it will be assumed to be an innovation network.

* Innovation Networks — “/Innovation networks are real and virtual

infrastructures and infratechnologies that serve to nurture creativity, trigger
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invention, and catalyze innovation in a public and / or private domain
context (for instance, government-university-industry public-private
research and technology development co-opetitive - a combination of
cooperative and competitive -- partnerships).” (Carayannis and Campbell,
2006). This definition highlights the unique nature Innovation networks
shall be shown to be a central concept within this work.

Defence Innovation Network — an Innovation Network focused on the
Defence, or Military domain.

Business Ecosystems — ‘/Business ecosystems] are characterized by a
large number of loosely interconnected participants who depend on each
other for their mutual effectiveness and survival. [...] participants [..] share
their fate with each other. If the ecosystem is healthy, individual species
thrive.” (lansiti and Levien, 2004a). The notion of Business Ecosystems
speaks to the inter-relation between organizations, and that there are
explicit and implicit dependencies.

Model: “A representation of something, such as a physical entity (e.g. a
person or car); an abstract entity (e.g. a religion); or a process (e.g.
manufacturing steps in a factory). In computer-based simulation, models
can be formal and based on mathematical notations” — adapted from the
Canadian Department of National Defence’s (DND)’s order on Modelling

and Simulation (Department of National Defence, 2010).
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* Modelling: “the process of building a model’ (Department of National
Defence, 2010).

* Simulation: as the M&S domain is multi-facetted, it can be expected that
there are numerous definitions of the word “simulation”, from each facet,
perspective or view. The US and Canadian military definitions for
simulation are fairly simplistic, essentially saying that it is a model
implemented over time (Department of National Defence 2010;
Department of Defense, 2007). However, Professors Oren, Zeigler and
Wainer, amongst others, offer more compelling definitions (Oren, 2007;
Wainer, 2009; Zeigler, Prachofer and Kim, 2000). This thesis Wainer’s
(2009) views to define simulation as “the reproduction of the dynamic
behaviour of a system of interest with the goal of obtaining outcomes that
can be applied to the system.” (Wainer, 2009). The end result of
simulation being a conclusion or set of conclusions speaks to its use as a
decision support tool, for example, as used in experimentation. The
replacement by the word “outcomes” was done to give additional weight to
simulation used as a means of providing a unique experience, as
simulation is used for training, entertainment, and other applications. For
example, an outcome could be a conclusion, or an additional experience
that has training benefit. Lastly, there are alternate definition methods

such as a “visual” definition. This is of particular interest, as it allows the



reader to observe a number of inter-relations, in a relatively simple,

efficient and intuitive manner. The following figure is a visual definition of

the word “simulation” (adapted from VisualThesaurus, 2010):

modeiing
model (=}
modelling @" o

the act of imitating the behaviour
of some situation or some
process by means of something
suitably analogous (especially for
the purpose of study or personnel
training

pretence
pretense
pretending

fesgning

simuiate

computer simulation

Figure 1-1 — Visual Definition of “Simulation”

2.2 Literature Streams Overview

Visualization: a visualization based on models, either over time through a

simulation, or static, non-time based, interacting with a model of some

sorts. Examples / ranges of use: nGrain model used for mine clearance, or

for mechanic for visualizing tech plans when maintaining, or commander

visualizing battlefield prior to an operation.

This work spanned a number of domains and disciplines of expertise. This

includes practices within Business, Government, Academia, and spanning areas
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of expertise such as Innovation, Modelling and Simulation, as well as Defence

(military) Transformation. The latter areas were the focal streams in the literature

review. The following sections provide a review of the salient literature. Table 2-1

summarizes the key streams. Section 2.5 includes some additional key literature

reviewed that did not conveniently fit into these three key literature streams:

organizations.

+ Critical for DND to partner
with other organizations
before it is required in
actual operations.

+ Transformation required
to meet current and future
operational challenges.

+ Current / future
operations characterized
by Network-Enabled
Operations

2.2 | Modelling and | - Measurable cost savings | Zeigler, Praehofer &
Simulation are “stunning” when able to | Kim, 2000; TTCP, 2006;
effectively manage Wainer, 2009; Oren,
simulation resources 2010; Sokolowski &
» Simulation as a tool, Banks, 2009; DND 2005;
enabler; DND 2006a, 2006b;
+ Applications for modelling
and simulation;
2.3 | Military * Requirement to Near, 2009; McComb,
Transformation | collaborate with diverse 2009a; McComb, 2007;

Coll, 2009. DND, 2008;
DND, 2006a; Alberts &
Hayes 2003; Alberts &
Hayes 2007;




15

2.4 | Innovation * Innovation, Strategy, Adner, 2006; Basole,
Theory Relationships 2009; Weiss &
* Innovation Networks Gangadharan 2010;
* Networks / Ecosystems Moore, 2006; Dhanaraj &
Mapping Parkhe, 2006.

* Visualization of Networks | Abrahamson, 2004; den
Hartigh et al, 2004-2007;
Salas, 2007.

Table 2-1 — Literature Review Summary

2.3 Modelling and Simulation

Within the military Modelling and Simulation (M&S) community, there is a
well-known motto that has caused some discussion, and various reactions to it:
“All But War Is Simulation.” (Lowood & Lenoir, 2003). Keeping the validity of this
saying aside, this motto does reinforce the notion that simulation can be broadly
defined to include rehearsals, using physical scaled models for planning, all the
way up to the most sophisticated systems integrating live, virtual and constructive
simulation systems. However, more importantly, the undertone of this motto
reminds M&S practitioners of the seriousness of using M&S tools in support of
military operations. This seriousness and gravity of implications of misuse of
simulation has also prompted the formulation and adoption of a Code of Ethics

for Simulationists (SCS, 2006). Use of simulation is not just a game, especially
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not in the military domain. M&S has a long history of serious use, in support of
military endeavours, and beyond.
2.3.1 Brief History of Modelling and Simulation

Evidence of M&S can be found even back in ancient home, when the Roman
Army would simulate battle by having two of their own contingents train before
battle (Sokolowski & Banks, 2009). However, computed simulation can be traced
back to 1777, when a manual Monte Carlo method was used to estimate 1t (pi).
More modern use of computer simulation surfaced in World War Il (Nance &
Sargent, 2002). Within the military domain, simulation has been extensively used
for training - arguably the best known simulators of complex systems are aircraft
simulators. The first aircraft simulator, the “Link Flight Simulator”, was patented in
1929 by the American, Edward Link (Sokolowski & Banks, 2009). As with many
cases for using simulation for training, this was done for many reasons, primarily
due to the heightened cost and risk of training on real aircraft. However, military
M&S has grown far beyond its prevalence in training. Modern militaries across
the globe have now increasingly used M&S technologies to address a wide array
of objectives, spanning from Training, to Education, Acquisition, Operational
Research and Analysis, Engineering, Research and Development, and also in

support of actual military Planning and Operations.
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2.3.2 Global M&S Prevalence
“Simulation is like a gem: it is multifaceted.” -Tuncer Oren (Zeigler, 1984)

Within the Defence and Security sector, there is increasing pressure to “do
more with less”, forcing governments and militaries worldwide to rely more on
development programs by international allies. It has been thought that a critical
group of technologies that enables organizations to be more efficient is M&S — to
the point where the US Congress had deemed that M&S is a “critical technology”
(Department of Defense, 2009). M&S is deemed to be a key technology in cutting
costs and increasing efficiency, where decision makers can use modelling and
simulation to guide decisions, in lieu of investing in (or engaging in) costly and
risky endeavours (Department of Defense, 2009).

The requirement to be more efficient has manifested itself in the wide array of
technical and development partnerships between international militaries, such as
The Technical Cooperation Program kTTCP, 2010), the NATO Research and
Technology Organisation (NATO Research and Technology Organisation, 2010).
Within, and beyond these partnership groups there are many collaborative
efforts, sub-groups, panels, etc. in M&S. There are military M&S partnerships
within Concept Development and Experimentation (CD&E), Human Factors,
Training, Acquisition, as well as many others. Dr. Oren’s lengthy index of
international M&S organizations is a testament to this (Oren, 2010; Sokolowski &

Banks, 2009).
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2.3.3 M&S as a Discipline

There appears to be coalescence of M&S expertise, in a variety of institutions
internationally, however there is still some debate as to whether it is a discipline
unto itself. The empirical evidence of M&S Centres of Excellence (CoE) abound.
Within the Canadian Forces alone, each military service (Army, Navy, Air Force)
has consolidated centres of M&S expertise, and even a designated coordination
office for M&S issues. The establishment of Services’ M&S coordination offices is
even mandated by Federal Defence Policy (Department of National Defence,
2006b; Department of National Defence, 2006a). The US DoD views M&S as a
discipline that “enables capabilities that are critical to meet DoD challenges”
(Department of Defense, 2009).

Within academia, there are numerous examples where M&S centres have
been established between various disciplines. This includes the Virginia Modeling
and Simulation Center (VMASC), and even Carleton University’s own
Visualization and Simulation Centre (V-Sim). These centres — within the
Government, Academia, and elsewhere — can be seen as proof that M&S is a
discipline unto itself. There is an apparent convergence of organizational
expertise around M&S, internationally.

As a partnership between Academia and Industry, Dr. Oren from the
University of Ottawa and Mr. Waite from Aegis Technologies Group have led the

“Modelling and Simulation Body of Knowledge” (M&S BoK) effort (Oren & Waite,
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2007). They describe the challenges in the M&S community, and the need to
establish an M&S BoK, comparable to the professionalization in the practice of
Project Management, with the PMBOK (Oren & Waite, 2007; Oren, 2010). One of
the first tasks that the M&S BoK effort has taken on is to assemble an index of
M&S terminology (Oren, 2010).

Again, when considering the seriousness of various applications of M&S,
including the military, a Code of Ethics has been developed for “Simulationists”
and adopted by 12 organizations internationally, including the international North-
Atlantic Treaty Organization Research and Technology Organization’s Modeling
and Simulation Group (NATO RTO MSG). (Oren, 2002).

All of these points can be summarized by an apparent desire by some groups
to professionalize the “discipline of M&S”. Oren (Sokolowski & Banks, 2009)
described the study of simulation:

“Simulation as a discipline is like mathematics and logic. It can be
studied per se to develop its own theories, methodologies,
technologies and tools; and it can be used in a multitude of problem

areas in many disciplines.” (Sokolowski & Banks, 2009)

2.3.4 M&S as an Industry
The M&S market is immense, however not having been recognized as an

industry unto itself has hampered accurate estimates of its size and growth.
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Recent analysis from Frost and Sullivan estimates that there was $22.2 Billion
(USD) spent by the U.S. Military Training and Simulation Market in 2009 alone
(Frost, 2010). While the U.S. is likely the largest consumer of M&S technologies,
this figure represents but one nation in one fiscal year. Furthermore, Frost (2010)
forecasts that there will be a compound annual growth rate of 1.4 percent from
Fiscal Year 2009-2015. This analysis confirms notions held by M&S practitioners
that the market is large and continuing to expand as new applications of M&S are
developed.

In 2010, a coalition of M&S Practitioners, led by the American National
Training and Simulation Association (NTSA), applied to the Office of
Management and Budget (OMB) to have M&S companies recognized as their
own industry (National Center For Simulation, 2010). While this attempt was
turned down, there are renewed efforts to still pursue this course of action.

Whether M&S is eventually established as a “formal industry”, or develops
consensus on its own Body of Knowledge is not of importance in this work; what
should be noted is that there is sufficient evidence that there is great interest,
investment and development that make it an interesting domain to be a part of
and to conduct research into.

2.3.5 M&S Reuse
Amongst M&S practitioners, reusing previous work (and avoiding redundant

and wasteful effort) is a recurrent challenge. While the benefits are obvious to
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some, in many cases these benefits do not outweigh the cost in terms of time,
effort or resources in order to enforce reuse of previous work that has been done
by parallel or partner organizations.

The US DoD’s Modeling and Simulation Coordination Office (M&S CO) sets
standards for use of M&S in the DoD. M&S CO conducted a study on the issue of
reuse of M&S assets, having it formally reviewed in a report. Shea & Graham
(2009) evaluated various business models in order to seek out ways to overcome
this challenge. They lay out six categories of reasons why M&S resources are not
reused, and it can be said that all of these challenges also apply to Canadian
M&S practitioners (Shea & Graham, 2009).

The governance of M&S in DND is described in administrative orders that
have directed that the departmental-level Synthetic Environment Coordination
Office shall “coordinate development of a M&S resource repository [MSRR],
which acts as a bank for M&S shareable models, data and information”
(Department of National Defence, 2006b). Such a repository is still in
development with the prime purpose of promoting reuse of M&S assets across
the DND and CF. It can be inferred that having visibility into what M&S
technologies organizations within the DND/CF have, and are developing is of

interest to stakeholders within the defence community.
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2.4 Military Transformation

Within many modern militaries, evolution of the military personnel, processeé,
and technologies is known as “military transformation”. There are a number of
military transformation efforts, as well as military transformation documents that
have been published in recent years. The salient thrusts within military
transformation shall be summarized in this Section.

2.4.1 Strategic Direction

The Canada First Defence Strategy (CFDS) focuses on how the Canadian
Forces must transform and modernize in order to continue to fulfill its mandate
within the Government of Canada (Department of National Defence, 2008). The
CFDS details six roles for the Canadian Forces ranging from humanitarian
missions to domestic security to high-intensity combat operations. In essence,
the updated CFDS details to the DND/CF what missions and roles it must be
prepared to fulfill.

Within the Department of National Defence (DND), strategic planners put a
significant body of effort into trying to determine how future military operations
may be characterized. This is documented in a series of publications, termed the
“Future Security Environment (FSE)”, within which are a set of 45 deductions on
various factors, including Geopolitical, Social, Technological, Economic and

many other factors (Department of National Defence, 2009b). Based on this
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broad range of factors with regards to the future, the key deduction in this work
reads as follows:
A complex future security environment will demand a
comprehensive, integrated, adaptive, and networked focus in the
application of government policy. [emphasis added] (Department of

National Defence, 2009b)

This statement serves as a one-line target for defence innovators. Using the
CFDS and the FSE, military planners are able to focus defence priorities towards
the most urgent gaps in capabilities. These notions of “integrated” and
“networked” not only have implications for the technologies involved, but also for
the defence innovators that must collaborate to innovate.

2.4.2 Science and Technology Advancement and Disruption

The branch of the Canadian Department of National Defence (DND) that is
charged with innovating on behalf of the entire department is Defence Research
and Development Canada (DRDC). Their Defence Science and Technology
Strategy seeks to identify disruptive technologies, and create conditions for
successful innovations throughout defence (Department of National Defence,
2006). The FSE documents confirm the motive for this strategy: “Science and
technology trends are characterized by innovation and rapid change.”

(Department of National Defence, 2009b).
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Disruptive innovation, in some circles, is tightly linked in military parlance to
“forces transformation”. Dr. Alberts describes this as such:
“Information Age Transformation focuses its attention on the nature
and process of transformation, identifying critical path items
including the need for creating conditions for disruptive innovation
and a variety of experimentation activities.” [emphasis added] (Alberts

& Hayes 2003)

Dr. Alberts and Dr. Hayes’ publications through the US Command and Control
Research Program (CCRP) are foundational works (Alberts & Hayes, 2003;
Alberts & Hayes, 2007) which have been used as inputs to many allied nations
own transformation efforts — including DND/CF’s FSE. These works highlight a
future military force’s requirement to be agile, networked within an environment
that is increasingly complex — both in military operational as well as technological
terms. These documents set forth the argument that military transformation is
required in order to better meet the current and future operational challenges.
2.4.3 The Requirement to Collaborate

A recurrent theme within both the international and Canadian strategic
documents is that military operations (as well as advances in technology) shall
continue to be collaborative and multinational in nature. There is an ever-present

requirement for interoperability between various systems and organizations.



25

Within the Canadian DND, DRDC holds establishing linkages with partners
high in their strategy. Not only do defence scientists partner with the military
services, but they develop close bonds with Defence Industry, national and
regional research centres, Academia, as well as allied militaries and foreign
research centres (Department of National Defence, 2006).

Ecosystems, can be seen as an analogy, or lens, through which to examine
business networks. They are being increasingly used in the technology sector,
however they have been used to a limited degree in the discussion of
Government- or Public-led innovation. However, this is just a matter of time. The
lead agency for M&S in the US DoD is the Modeling and Simulation Coordination
Office (M&S CO) that sets standards and advocates for coordination and
collaboration to solve many issues regarding M&S throughout their Department.
They have recently published a report regarding the development of a roadmap
for evolving an integrated architecture for various Live, Virtual, Constructive
(LVC) Simulations. One of the key propositions made is detailed in the following
section of their LVC Architecture Roadmap report:

“We propose that the DoD M&S business environment is best

described as a business ecosystem.” (Department of Defense, 2008)

Recently, DRDC has laid out strategy for improving their roles and strategy for

partnerships (Williams, 2010). This included the formal identification of two key
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Ecosystems with which DRDC is embedded: a Defence and Security Ecosystem,
and a Global S&T Innovation Ecosystem (Williams, 2010). This can be better
seen through their partnerships in such international endeavours such as The
Technical Cooperation Program (TTCP), and the North Atlantic Treaty
Organization’s (NATO) Research and Technology Organization (RTO) and Allied
Command Transformation (ACT) group — as well as many other partnerships.
Denoting these relationships and interdependencies as being within an
“ecosystem” has particular importance, which shall be further discussed within
Section 2.4.5. This connection - of Ecosystems and Innovation Networks to the
domain of M&S in defence has much merit, as this research will show.

For many reasons, including economy of effort and resources, interoperability,
it has been noted that it is critical for DND to partner with other organizations
before it is required to do so on actual operations (Department of National
Defence, 2006; Department of National Defence, 2008). The requirement to
establish a pan-sector centre of excellence in innovation has been described as a
“Defence And Security Innovation Centre (DASIC)” by Major (Retired) Bob Near
(Near, 2007). Major Near makes the case that collaboration in innovation in the
Defence and Security sector, between government, academia and industry is
required — for many of the aforementioned reasons (Near, 2007).

As an example of Governments’ willingness and intent to collaborate, the

Coalition Warrior Interoperability Demonstration (CWID) has been established as
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an annual multi-national-level event. One of the top objectives for the
demonstration includes the intent to “Enhance Coalition, Military, Government
Agency and [Non-Goverment-Organization] Partnership Building Capabilities”
(Department of Defense, 2009).

These concepts, strategies, events lead us to believe that the requirement to
collaborate internationally, but also between various players within an innovation
network will continue to be important for success in military operations.

2.4.4 Enterprise Architectures

As an important development from the military command and control
computer systems area of expertise, the notion of Enterprise Architectures (EA)
has come to the forefront in the development of complex military systems.
Various standards exist, and are evolving continually. This includes the U.S.
Department of Defense Architectural Framework (DoDAF) standard (Department
of Defense, 2010), the Canadian Department of National Defence Architectural
Framework (DNDAF) standard (Department of National Defence, 2010), and the
Unified Profile for DoDAF and MODAF (UPDM) standard (UPDM Group, 2010).

These inter-related standards have definite overlap in scope and intent, and
seem to be converging towards a possible international standard, along the lines
of the UPDM standard which seeks to unify the US DoD and UK MOD'’s
frameworks. Of note, these frameworks set out the standards for a set of inter-

related views for complex systems, which offer defence innovators with a
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rigorous system for analyzing and designing complex systems. Some of the
views and tools in development, some of which are still at a nascent stage, have
promise to give a visualization of programmatic and organizational aspects of an
innovation network. This includes the “Project Views” within the evolving DoDAF
2.0 (Department of Defense, 2010) and “Acquisition Views” within the evolving
UPDM 2.0 (UPDM Group, 2010). However, at the time of this research, neither
the Enterprise Architecture tools, nor the standards had evolved sufficiently to be
used for this research. A full analysis of the applicability of Enterprise
Architectures was outside the scope of this work, however there are some
Recommendations (Chapter 7) and areas of Future Work (Chapter 9) which
detail some possible avenues forward.
2.5 Innovation Theory

There are many areas of research within the domain of Innovation that are of
relevance to this work. While there are examples of innovation in defence at
many different levels within the DND and CF, the aforementioned Defence
Research and Development Canada (DRDC) is the Departmental lead for military
Science and Technology within DND.

The following Section summarizes the Innovation Theory stream of literature
reviewed, focusing on applicable literature outside the defence realm that are of

merit to this research.
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2.5.1 Business Ecosystems

The notion of Business Ecosystems has been introduced and evolved over
almost two decades by the works of Moore, lansiti and Levien, amongst a
number of others (Moore, 1993; lansiti & Levien, 2002; lansiti & Levien, 2004;
lansiti & Levien, 2004a; Moore, 2006).

The term “ecosystem” evokes the view of inter-relationships and
dependencies between the constituent players in the ecosystem (or nodes in a
network). There are numerous examples of business ecosystems that come to
mind — whereby a keystone business collaborates with a number of other
organizations, such that the overall network of players collaborate to the benefit
of the overall network (or ecosystem). Examples include IBM’s Eclipse
Ecosystem, The Twitter Ecosystem, Google’s Android Ecosystem and Apple’s
iPod Ecosystem — each of these centred around certain platforms or
technologies, but where the various players have different contributory roles to
play, for the overall benefit of all players.

The literature focuses on Business Ecosystems, and strategies for a given
business or group of businesses within an ecosystem. There is little evidence of
using the Business Ecosystem model within a Government or Public Sector
context, including the military, with the exception of the aforementioned

documents (Williams, 2010; Department of Defense, 2008). The applicability of
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the Ecosystem model to this research shall be further discussed in the Sections
below.
2.5.2 Orchestration and Innovation Networks

A challenge within many innovative endeavours is orchestrating collaboration
between the participants — especially if they are geographically and / or
organizationally separated. A more challenging aspect is how to plan, coordinate
and lead various organizations, when a softer type of leadership is required. A
situation such as this might be more akin to orchestrating a musical composition
(Dhanaraj & Parkhe, 2006). Dhanaraj and Parkhe described how innovation
networks often involve a “loose coupling” between the nodes or organizational
members within the innovation network. As Dhanaraj & Parkhe had identified, the
type of indirect leadership required of the lead organization is akin to
orchestration (Dhanaraj & Parkhe, 2006).

In absence of measures that account for the loose coupling, there is a risk of
innovating in silos (also known as “stove pipes”; Gray, 2008). Challenges include
mobility of knowledge between the constituent organizations within an innovation
network (including intellectual property issues). Gray gives lessons from the
medical industry, and uses Dhanaraj and Parkhe’s views on orchestration as a
suggested method of bringing together geographically distributed teams. She
suggests that looking at transdisciplinary teams that are distributed

geographically are best viewed as innovation networks. Gray discusses



31

discussing brokerage roles and innovation networks — from a perspective of
leadership of the innovation network.

The notion of loose coupling and networks (with regards to loosely coupled
systems, and standards) is also discussed in lansiti and Levien (2004b). What
we can learn from this is that where there is loose coupling between nodes (or
organizations) within a given innovation network, we can use the “softer”
orchestrative strategies as discussed by Dhanaraj and Parkhe, as well as Gray’s
works (Dhanaraj & Parkhe, 2006; Gray, 2008).

2.5.3 Coordination Modules and Relationships

Within a given grouping of organizations involved in a particular endeavour,
work by Bailetti and Callahan (1993) evaluated methods of coordination
internationally. They looked at four cases, and decomposed the complex
relationships into five “coordination modules” from which international
collaborative relationships would be based (Bailetti & Callaghan, 1993). The five
coordination modules are (Bailetti & Callaghan, 1993):

» Strategic management module;

* Intra-organizational module;

* Joint management module;

* Technology exchange module; and

e Customer interaction module.
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These coordination modules can be used to further analyze the specific
relationships between clusters of organizations within a given innovation network.
The types of linkages between the nodes (organizations) can be categorized into
types of coordination modules, or ensembles of coordination modules (Bailetti &
Callaghan, 1993).

The Ecosystem model puts emphasis on interconnection and networking of
organizations — nothing is done in isolation. A key deduction is that relationships
are of key importance in planning strategy for an organization. Gulatti and Kiletter
(2005) puts forth a view of the “Relationship-Centered Organization” (Gulatti &
Kletter, 2005). Their views of how to plan strategy for an organization
complements views on ecosystems, innovation 