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INTRODUCTION
Enterprise Architecture (EA) has primarily been
viewed as an information technology (IT)
discipline. This is not surprising; the traditional
approach has been to standardise the technical
standards, which immediately resulted in
benefits. The situation is similar in the Ministry
of Defence (MINDEF) and the Singapore Armed
Forces (SAF), where the first “evidence” of EA
has been in the area of technical architecture.
The primary purpose of EA appears to be to
reduce IT redundancy and expenditure and
improve technical consistency. However, EA is
about the design of the enterprise, and not
about IT structures and systems only. This first
aspect of EA is even more critical as we align
the “ONE Enterprise” in MINDEF and the SAF.
In this article, we show the linkage between
EA and the business operating model and
contextualise it to MINDEF and the SAF. This
is a necessary step that will set the direction
in which the architecture can be designed and
define the foundation required. With this
foundation in place, the engagement process
for subsequent projects can be aligned to
contribute to the foundation layer. This is an
incremental approach in which projects funnel
through the governance process and contribute
to the enterprise needs. This in turn helps us
achieve the operating model desired in MINDEF
and the SAF.

BUSINESS OPERATING
MODELS
In “Enterprise Architecture as Strategy” (Weill,
Ross & Robertson, 2006), the authors concluded
from an extensive research of 150 companies
that for Enterprise Architecture to be an
effective strategy, an organisation must first
be clear about two key concepts: business
process integration and business process
standardisation. The degree of process
standardisation and integration that an
organisation desires defines its operating
model. Deciding on an operating model means
making a commitment to how the company

will operate. The purpose of EA is to design
the blueprint comprising business processes,
data, IT infrastructure and systems to realise
the operating model. In short, EA is not about
IT only, but rather, it is about enhancing
business through its enablers. IT just is one of
the enablers.
Process Standardisation means defining exactly
how the processes are to be executed regardless
of the functional constraints. Process
Integration means having different processes
linked through a common set of data. Using
the business operating model, companies make
two important choices in the design of their
operations:
1) The amount of standardisation in their
processes across units
2) The amount of integration in their
business processes across units.
An operating model defines the necessary level
of business process integration and
standardisation for delivering goods and
services to customers. We identified two models
deemed most relevant to our Corporate
Information Technology (CIT) and Integrated
Knowledge-based Command and Control
(IKC2) communities – The Unification Model
and the Coordination Model.

EXECUTION APPROACH
There are four common elements in
approaching enterprise architecture (Weill,
Ross & Robertson, 2006):
Core Business Processes. The enterprise
processes in this small set are the capabilities
that a company needs to execute the
operating model.
Shared data driving core processes. This
data is shared across the processes instituting
the value chain.
Key linking and automation technologies.
These are technologies used to establish the
integration of applications and standardise
access to systems.
Key customers / segments. These are major
groups served by the organisations.
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Depending on the operating model, the
sequence of the approach varies as we will
observe in the Unification and Coordination
Models in subsequent paragraphs.

BUSINESS OPERATING
MODEL AND EXECUTION
APPROACH
Unification Model
The Unification Model requires processes to
be highly standardised and integrated. It
maximises the efficiency of services by
presenting integrated data and driving
variability out of processes. As such, the
approach is to identify key segments and
processes to be standardised and integrated,
and also the shared data required to integrate
the processes (Figure 1). The focus on
technology is to provide visibility of processes
and enable the change agents to streamline
common processes.

Key customers

Coordination Model
The Coordination Model requires processes to
be highly integrated, but does not demand a
high level of standardisation. Processes typically
share customers, products, suppliers and
partners but have unique operations that
demand unique capabilities. As such, the
approach is to identify the shared segments
across the business units, the data to be shared,
and address the integration of data (Figure 2).
The focus is to derive a common data language
to enhance coordination across the
business units.
Figure 2 shows the steps in realising the
Coordination Model, with the emphasis on
shared data. Customer “A” may rely on Process
“A” and Customer “B” may rely on Process
“B”. But the shared data allows Customer “A”
and Customer “B” to gained a shared
understanding. The processes “A” and “B” are
different but they act on the shared data.

Linked &
standard
processes

Shared
data

Linking &
automating
technologies

Standardised
Processes

Customers

Process

Figure 1 shows the steps in realising the
Unification Model – with the emphasis on
linked and standard processes. With

standardised processes, and subsequently an
emphasis on shared data, the key customers
will be served in standard processes through
shared data.

Shared
Data
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Figure 1
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Figure 2

THE MINDEF AND THE
SAF OPERATING MODELS
The MINDEF and the SAF Operating Models
are primarily demonstrated in the CIT systems
and Command and Control Systems
respectively. Determining the operating model
would enable us to identify initiatives to
enhance the operating model. We recognise
that more discussion on the exact operating
model has to be established, but it is also critical
to solicit a general sensing to kick-start
architecture development.
The Unification Model is similar to MINDEF’s
current operating model, which displays its
needs for standardisation and integration of
the CIT systems to drive efficiency. MINDEF’s
manpower, logistic and financial operations
are managed centrally and serve the three SAF
Services – the Navy, the Air Force and the Army.
This model requires processes across the services
to be harmonised as they are designed to serve
the different services in an optimal manner.
This is evident in an enterprise-level project
implemented through a single platform with

the centralisation of databases which
harmonise the logistic processes across the
services. Through the use of common notation
standards to describe processes, roles and the
linkage to systems 1 , the communication
approach to users focuses on adapting their
existing processes to those found in best
practices. Questions asked included “Do we
need this role to authorise this? Is this
additional step necessary? Can others use the
same processes?” As a result, the roles become
more clearly defined and processes are
streamlined. As the same processes are being
used to serve different “customers”, the total
cost of ownership is reduced and supporting
mechanisms such as training become more
effective. Any interface which overlaps the
functions supporting the processes can be
resolved more quickly as there is a common
way to view the processes. Currently, a similar
approach is being taken for other enterprise
projects such as the e-HR. As such, the execution
approach for the majority of CIT systems is
steering towards unification.
The SAF operational community, however,
operates in a very different environment; one
that is dynamically changing and fraught with
uncertainty. In such an unpredictable
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environment, processes are constantly adjusted
according to the situation. Operational
processes therefore differ across the Services
and according to the type of weapons used
and their operating environment. However,
these processes need to be integrated to
achieve the overall objective and effect of the
military operations.
At the strategic level, where military planning,
monitoring and strategic decisions are made,
there are more similarities in the processes
across the Services. With the ongoing SAF
transformation into a unified force and IKC2
paradigm, it is likely that the current processes
will be transformed to support closer
integration among the Services. This will lead
to greater degrees of standardisation for these
higher-level processes.

THE MINDEF AND THE SAF
EXECUTION APPROACH
Next, we attempt to articulate the execution
approach through an architecture core
diagram. This will be used to guide the common
integration operating environment and
governance process. The adoption of a
Unification Model has led to process
standardisation in key business domains like
human resources and logistics, as well as the
consolidation of data and IT services in strategic
server farms. This implementation is dominated
by major enterprise systems with a centralised
data store and served by a well-organised and
standardised IT infrastructure. Figure 3 below
shows the typical architecture used in the
Unification Model.
Figure 3 shows the Unification Model
contextualised for the CIT environment where
the common processes such as manpower and
logistics are standardised for the different
services. The processes are enabled by a
common Enterprise Resource Planning (ERP)
platform which provides shared data on
personal and equipment and other data
required by the processes.

Standardised
Processes

Customers

We also recognised that across different levels
in the organisation, given the diverse
capabilities and processes of MINDEF and the
SAF, a combination of the Unification and
Coordination Model exists. For example, even
in the strategic planning of the SAF, a
Unification Model could be adopted to
maximise efficiency. As such, the EA office,
being the architecture custodian for both
MINDEF and the SAF, has placed emphasis on
the components required to lay the foundation
for EA. This foundation would be critical to

the Operations-Administration Integration for
the “ONE” MINDEF-SAF enterprise.

Shared
Data
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Figure 3
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For the SAF, the operating environment and
the people involved are much more diverse.
Furthermore, threats and uncertainties make
coordination and integration a major
challenge. As explained earlier, the operating
model for the SAF is likely to be different for
the strategic and the tactical levels. For this
reason, process integration needs to be simple
and efficient. At the tactical level, a simple
reporting mechanism is used to push timely
information between different levels of
command. The information exchange
infrastructure and the shared data critical at
this level are shown in Figure 4.
Figure 4 shows the Coordination Model
contextualised for the IKC2 environment where
there are unique processes for different
customers. But the unique processes are
enabled by the shared common data.

Figure 5 shows the hybrid architecture. It is a
combination of the Unification Model and the
Coordination Model which serve both MINDEF
and the SAF respectively. The shared data and
standardised processes form the basis of the
common integrated operating environment
to enable both models.

CREATING A COMMON
INTEGRATED OPERATING
ENVIRONMENT
With a shared understanding of the operating
model of MINDEF and the SAF and the
execution approaches, the next step is to design
and put in place the business processes, as well
as the data and the IT infrastructure to realise
the operating model. We call this foundation
the Common Integrated Operating
Environment (CIOE). The aim of the CIOE is to
provide stability at the implementation level.
It must be stable and yet have the agility to
grow and respond to new business
opportunities. In addition, it must lead to
greater efficiency, lower risks and lower costs.

Shared
Data

Unique
Processes

Customers

The operating model at the SAF strategic level
is likely to straddle between the Unification
and Coordination Models. This is consistent
with the architecture put forth by Alan R.
Simon (2005). He revealed that the US military
and homeland security departments adopted
a hybrid architecture that included a
foundation architecture similar to the common

integrated operating environment shown in
Figure 5.

Figure 4
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Figure 5
In our context, the best practices to establish
the CIOE would involve using the following
principles (Figure 6):
a. Clarity of Processes
b. Common Data Language
c. Robust and adaptive infrastructure
Depending on the operation model as shown
in the hybrid model, the focus could be on

processes for the Unification Model or on
shared data for the Coordination Model.
Figure 6 shows the linkage between the
operating model and the execution approach.
The execution approach is carried out by
establishing the common integrated operation
environment through the EA governance
process. The CIOE would be built up
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Figure 6
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incrementally as enterprise-wide projects are
being put in place. (Diagram adapted from
Weill, Ross & Robertson 2006)

Clarity of Processes
Obtaining clarity of processes requires the
establishment of a clear linkage of the desired
capabilities to the processes and the
corresponding enablers (in the form of
functions and technology). This is a starting
point to articulate the processes to be
standardised and integrated and why these
decisions are made.
Two ingredients critical to achieving clarity of
processes are: leadership and a common
architecture framework. The former requires
enterprise-wide process owners to be identified
and given sufficient authority to own
and design areas for improvement. In MINDEF,
this authority would be needed to harmonise
processes across the Services and is critical for
establishing process
standardisation. These
enterprise-wide process
owners would require a
common architecture
framework to facilitate
dialogue with other process
stakeholders and technical
counterparts.

Defense Business Solution Map. This enables
investment councils such as the MINDEF
Chief Information Officer Meeting to identify
the enterprise capabilities that the
project contributes.
Enabling Processes. Applicable for all
projects, this process model 2 identifies
the scope of the projects and enables
stakeholders to understand the linkages of the
project with other existing projects.
Operating Processes. This model3 describes
the how-to of the processes. It provides the
design and implementation team with the
specific details of the solutions.
Particularly for the CIT operating model, the
process owners could leverage the architecture
artifacts to discuss the controversial points
across the human resource, finance and logistic
domains and facilitate their integration.
This provides the leverage in subsequent

Defence Business Map
SCM

Deliver
Make
Return

Source
The Chief Information
Officer (CIO) and EA offices
have been evolving this
common architecture
framework around the US
Schedule Receive
Verify
Transfer Authorise
Supplier
Department of Defense
Product
Product
Product
Product
Payment
Architecture Framework.
Relevant architecture views
Figure 7
have been identified and
common notations
standards are being introduced. In particular,
integration with the SAF IKC2 Systems.
Figure 7 shows an example of the supply chain
for the business views pertaining to the CIT
management (SCM) capability translated into
operating model, the three tiers of process
different levels of details. It shows the SCM in
descriptive architecture, as illustrated through
the Business Map being linked to a breakdown
an example in Figure 7, were identified:
of the scope of processes and subsequent
detailed processes.
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Common Data Language
Figures 1 and 2 show “shared data” as a key
component in the heart of the Unification and
Coordination operating models. Its significance
in the models is a little known fact that is not
obvious to many.
In large and complex organisations such as
MINDEF and the SAF, there are many
interdependencies among the business
processes. Each process uses and produces data
that may have an impact on other processes.
For example, if a military commander is injured
in action, many processes (like the HR processes
and the IKC2 processes) will need to be updated
so that appropriate follow-up action can be
taken. It is the timely sharing of such data that
will effectively integrate processes and increase
the overall efficiency of an organisation.
To effectively enable process integration, it is
also necessary to establish the relationship
among the key data used in different processes.
An enterprise data model is typically developed
for this to map out the information model of
the business. The model identifies the key
data needed to run the business and links them
up to create a holistic and integrated view of
the business. By making the relationship

explicit, the view helps to determine the
business rules between the business units.
Figure 8 shows an example of how the data
for manpower, logistics and organisations can
be linked up to create a unified view of the
military order of battle (orbat) 4 . Each
relationship is in turn closely tied to doctrines
and business rules. In a nutshell, by focusing
on the data rather than the processes, a data
model provides a common platform for all
users to clarify their roles and to establish
the business rules. Effectively, an enterprise
data model is the common business language
as well as the foundation for process
integration, without being dependent on
standardised processes.
At the implementation level, the enterprise
data model serves as the blueprint for building
data hubs. However, it is important to note
that developing an enterprise data model is a
difficult and tedious undertaking. Fortunately,
today, there are other ways to obtain it: one
can acquire an ERP solution or adopt a
reference data model for the industry of
interest if one is available. For the military
environment, an enterprise data model5 is
available for use. This model is currently being
explored by the SAF to address key areas like
Operations-Administration integration.

Figure 8
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Robust and Adaptive
Infrastructure
A robust and adaptive infrastructure is one
that is able to provide stability amid the rapid
changes in technology and business processes.
Such change-resistant architecture must
be built around sound principles such as
the following:
a. Adopting well-established open and
platform-independent standards
b. Adopting a layered and modular architecture
so that modules can be replaced without
affecting the other elements in the
architecture
c. Building integration and reusable services
into the infrastructure to facilitate enterprisewide integration
One possible architecture is the Service Oriented
Architecture (SOA). SOA is an architecture style
that promotes stability because it encourages
the development of business-oriented services.
These are services that are derived from the
business operations rather than from an
application perspective. When properly built,
such services are designed to be applicationindependent. This makes them more enduring
and reusable by any applications.

REALISING THE
OPERATING MODELS
From Figure 6, we see that to deliver value for
EA, governance has to be set up to promulgate
the CIOE. There are two options. One is to
establish an extensive architecture
documentation effort. The other method,
which we have adopted, is to link the EA to
the IT governance process. The latter is
preferred as it links the architecture to the
actual solutions and keeps the architecture
current. As shown in Figure 6, the enterprisewide projects would leverage the CIOE and
contribute to the CIOE as the projects are
funnelled through the governance process. As
such, we tap on the existing Lifecycle
Management process, but introduce gates to

address architecture issues before they are
presented to customers.
There are two perspectives to the gates that
DSTA manages. One is to ensure that
architecture issues are addressed by different
stakeholders in DSTA and are facilitated by an
established set of IT and business principles.
This will steer projects such that they are built
not just to fulfill immediate project needs, but
to ensure that there is contribution to the
broader enterprise needs. The needs are
aggregated in the common interoperability
operating environment which would serve as
a platform for all CIT and IKC2 systems. The
other is to establish reference architecture so
that as our EA knowledge base increases, we
are able to collectively reuse solutions and to
ensure interoperability.
This incremental approach to building the
foundation imposes additional effort on the
project teams. But as a whole and considering
the benefits subsequent projects would gain
from the architecting approach and the
additional effort will go a long way to ensuring
the alignment of business and IT objectives.

CONCLUSION
As Peter Weill (2006) pointed out, “Companies
should use their enterprise architecture as a
compass, directing the company towards its
intended operating model”. We embarked
on EA based on the assumptions that MINDEF
is skewed towards the Unification Model and
the SAF is skewed towards the Coordination
Model. The EA governance and the CIOE had
also been built to support the assumed
operating model. In the CIT environment, the
EA drive was illustrated by an effort to ensure
services provided by MINDEF are efficiently
executed through clear definition of processes.
In the SAF environment, there are also projects
to embark on the common data model. These
initiatives converge in the hybrid architecture
as shown in Figure 5.
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Through the EA governance process, we have
embedded requirements for projects to adhere
to the broader enterprise goals as they were
funnelled through the architecture gateways.
While this may result in incremental cost to
individual projects, the overall benefit to
MINDEF and SAF as an enterprise will be
immense. The CIOE will grow as more projects
are implemented. This will serve as the
reference architecture for an adaptive MINDEF
and the SAF.
But first, the conversation on the “to-be”
operating model for MINDEF and SAF has to
begin. The rest of the alignment processes
through EA would then fall in place – the areas
of focus for the CIOE and the EA governance.
In this respect, enterprise architecture becomes
the organisational compass – contributing to
how MINDEF and the SAF operate.
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