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Managing an enterprise’s architecture requires the availability and high quality of holistic information about an enterprise’s architecture. Establishing EA information management is a prerequisite and infrastructure for enterprise architecture management.

This Chapter first discusses the needs, purpose, concepts, and approaches of enterprise architecture information management. Under the EA information management context, the discussion will then elaborate the principles, design patterns, technologies, and management considerations for enterprise architecture information bases.  

4.1 Overview of Enterprise Architecture Information Management

This section discusses:

· What is EA information management;

· Why and how EA management needs EA information management;

· What are the purpose and objectives of EA information management;

· Who are the stakeholders of EA information management and their roles and responsibilities;

· What are the approaches to manage EA information; 

· What are the quality and performance requirements for EA information management; and 

· Issues and lessons learned related with this topic.

4.2 Introduction to Enterprise Architecture Information Bases

This section discusses the concept and context of the EA information bases and the role an EA information base has in the context of EA information management. This section also gives an overview and explains the logic flow of the sections that follow.

4.3 EA Information Base: Design and Management Principles

This section discusses the fundamental requirements and rules in designing and managing EA information bases. Issues and lessons learned related with this topic are also discussed. 

4.4 EA Information Base: Components and Design Patterns

This section identifies the components of EA information bases and discussed design patterns that assemble the components into an integral base. Issues and lessons learned related with this topic are also discussed. 

4.5 EA Information Base: Decision Support Requirements and Designs

This section identifies the requirements for providing decision-support information to EA management and enterprise management; identifies audience types and capabilities; identifies the types of information and formats of delivery; and discusses the approaches of developing and presenting the information. Issues and lessons learned related with this topic are also discussed.

4.6 EA Information Base: Modeling Approaches and Standards

Built upon the requirements identified by previous sections, this section discusses the approaches and standards to model enterprise architecture information. The modeling approaches introduced in this section will be further elaborated in the next Chapter, EA Designs, to address the modeling specifications for various architectural perspectives and segments. Issues and lessons learned related with this topic are also discussed. 
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ABSTRACT

Metaphorically Enterprise Architecture (EA) is to an organization’s operations and systems as a set of blueprints is to a building. It facilitates the uncovering of dependencies between processes, information, people, location, applications, data and technology elements. Irrespective of the methodology used or framework adopted, organizations are expected to create a single coherent architecture document often termed the EA blueprint which holds together the various artifacts and work products created as part of traversing through the development of the EA. To enable creation of the blueprint and capturing architecture information use of modeling languages is crucial. This section of the chapter discusses the modeling approaches and standards required to document the structure, behavior and properties of the architectural elements, in essence the EA.
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INTRODUCTION

Enterprise Architecture (EA) programs have several stakeholders with different information needs. Traversing through the various processes and activities of a typical EA methodology results in the development of several architectural assets and artifacts. During the development and adoption of the EA the architecture team needs to communicate with all stakeholders. This necessitates the balancing of diverging needs and several constraints to arrive at a feasible and acceptable form. Fulfilling these needs require a formal set of design and structuring techniques at the disposal of the architecture team, supported by the right tools. The chapter begins with a brief overview of the conceptual foundations of documenting architecture-intensive systems. The intent is to build the necessary foundations for the rest of the sections. The chapter then presents the various architecture description approaches which go beyond just providing a framework and methodology and actually provide notations for architectural descriptions. Following this the chapter discusses the modelling techniques that organizations can adopt while documenting their EA. In describing the modelling techniques the chapter also identifies the strengths and weaknesses of current techniques. The chapter concludes with a discussion on the current architecture development languages and identifies areas for future improvement. All sections of this chapter are anchored around the need to document and communicate the EA from a practical viewpoint. To summarize the chapter attempts to highlight methods and techniques for envisioning unified and coherent descriptions of the EA by means of architecture models and their visualizations.         

CONCEPTUAL FOUNDATION

The IEEE 1471 approved by the IEEE Computer Society provides a good basis to understand the role of modeling in architecture description. Although the IEEE 1471 standard is intended for software intensive systems the conceptual model of architectural description shown in Figure 1 can easily be extended to EA. 
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Figure 1: Conceptual Model of Architecture Description (IEEE Computer Society, 2000)

The conceptual model clearly identifies modeling as a key element and its linkages to other architectural elements. The IEEE 1471 standard does not prescribe any specific modeling language per se, but reflects current practice and consensus (IEEE Computer Society, 2000). As seen the Figure 1, architectural models participates in constructing the views and establishes the methods for different viewpoints. From an EA point of view using the Zachman Framework as the basis, views pertaining to the planner, owner, designer, builder and the sub-contractor can be identified (Zachman, 1987). These are termed perspectives. The Zachman Framework goes further in identifying the types of models across the aspects that are useful to address the needs of the various views (stakeholders). It is well accepted that the Zachman Framework is the first formal approach to theorize EA and classify EA artifacts. This has undoubtedly inspired the development several EA frameworks subsequently. In all current frameworks, modeling is one of the central themes to describe and document the EA. This is inline with the requirements of ISO 15704 Annex A, also known as the Generalized Enterprise Architecture Reference Model (GERAM) (IFIP-IFAC Task Force, 1999). As depicted in Figure 2, elements concerning modeling include Enterprise Modeling Languages (EML) that identifies the need for architecture development languages to develop the EA models. The Generic Enterprise Modeling Concepts (GEMC) focuses on the extent of formality needed in EA modeling. Lastly, the Enterprise Models (EM) highlights the actual modeling constructs that may be needed as part of the EA development process (IFIP-IFAC Task Force, 1999). In summary, the GERAM can be viewed as a meta-framework that provides the requirements expected of all EA frameworks. Zachman Framework, briefly described above fulfills all the GERAM requirements (Noran, 2003). Several other existing and widely adopted EA frameworks have also been mapped to the GERAM requirements and generally found to conform (Noran, 2005; Saha 2004; Bernus, Nemes & Schmidt, 2003). 
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Figure 2: GERAM Conceptual Model (IFIP-IFAC Task Force, 1999)

RATIONALE FOR ARCHITECTURE MODELING

Through the discussions above the centrality of modeling in EA development is beyond doubt. Developing and utilizing architecture models involves several interdependent dimensions, which include: (1) A way of thinking, (2) A way of modeling, (3) A way of communicating, (4) A way of working, (5) A way of supporting, and (6) A way of using. Ideally all of these dimensions must be captured in the architecture blueprint with the intention of several ways of utilizing architecture models. The IEEE 1471 standard lists the potential uses of architecture blueprints (IEEE Computer Society, 2000). Key ones include:

· System articulation and its potential evolution

· Analysis of architectural alternatives

· Communication to the various stakeholders with different needs

· As a basis for ensuring architecture conformance / compliance

· Development of system development and acquisition guidelines

· Building IT portfolios and managing IT investments 

ARCHITECTURE DESCRIPTION APPROACHES

Description of architecture blueprints tend to be anchored around respective frameworks. Most frameworks come with their own methodologies providing step-by-step sequence of activities. As part of these activities development of several artifacts (models) to describe various aspects the EA are advocated. Hence there is a very close dependency between architecture frameworks, the description approaches and the models that are developed as part of the chosen approach. A detailed discussion of all architecture frameworks and their approaches is beyond the scope of this chapter. Table 1 summarizes some prevalent frameworks with their architecture description approaches and key characteristics. 

	Architecture Description Approach
	Overview

	IBM’s Architecture Description Standard (ADS) (Youngs et. Al., 1999)
	Published as a series of papers in IBM Systems Journal in 1999, the IBM ADS represents the minimal set of shared concepts for architecture description. ADS includes a formal meta-model, the semantic descriptions of the modeling constructs and a glossary of terms. In summary ADS consists of:

· The functional and the operational aspects of the architectural description capturing the separation of concerns. 

· Five main integration points reflecting the interdependencies and linkages between the two aspects.

· Three elaboration points as a schematic methodology for elaboration and development of architecture. 

	OMG’s Model Driven Architecture (MDA) (Miller & Mukerji, 2003)
	Strictly speaking this is not as EA description approach, rather an application / software architecture approach. MDA advocates an approach to software specification that separates the specification of the system to be built from the implementation aspects on specific technology platforms. Based on UML 2.0, MDA recommends development of two categories of models, namely, the Platform Independent Models (PIMs) and platform Specific Models (PSMs). A PSM realizes the specification for a technology platform defined using a PIM. The MDA vision is to define transformation mechanisms for as many platforms as possible so that a single PIM can be realized through several PSMs. At this point transformation mechanisms to support different technology platforms are under development by the OMG.    

	The Open Group Architecture Framework (TOGAF) (The Open Group, 2004)
	TOGAF 8.1. Enterprise Edition currently provides guidance in architectural description through the Architecture Development Methodology (ADM), Enterprise Continuum (EC), Technical Reference Model (TRM) and the Standards Information Base (SIB). The Building Block Information Base is for future development. From the point of view architecture description the ADM identifies the artifacts that are to be created in following the development phases of the ADM (see Table 2).  

	Zachman Framework (ZF) (Zachman, 1987)
	The ZF is a two-dimensional matrix that classifies the architectural models and artifacts. These are classified using the two dimensions, namely, the stakeholder views called the perspectives (planner, owner, designer, builder, subcontractor and the functioning enterprise) and the core imperatives called the aspects (things, processes, connectivity, people, timing and motivation). At this juncture ZF does not include a supporting methodology, but frameworks derived from the ZF have developed their own methodologies (e.g. Federal Enterprise Architecture Framework).  

	Department of Defense Architecture Framework (DoDAF) (Department of Defense, 2003)
	The DoDAF defines a common approach for DoD architecture description development, dissemination and integration. While the actual architecture framework is described in Volumes I and II, the guidance in developing the architecture is available as a deskbook. The deskbook provides a six-step architecture development process to build a DoDAF compliant architecture. The methodology in the architecture development process is data-centric rather than product-centric and includes a recommended sequence of building the various views.    


Table 1: Summary of Current Architecture Description Approaches

Though externally each of the above architecture description approaches may look different, the underlying commonality is visible by way of documenting the EA from the point of view of different stakeholders. This is commonly referred to as the various views of the architecture and all EA frameworks and description approaches advocate modeling to fulfill the specific requirements of the views (Arbab et al., 2002). This is in fact in line with GERAM specifications. All frameworks support multiple views with each view requiring specific modeling constructs to create coherent specification of the EA (Saha, 2004). The Generalized Enterprise Reference Architecture (GERA) as an element within the GERAM recommends four views (IFIP-IFAC Task Force, 1999). These are exhibited in Figure 3.
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Figure 3: GERA Framework with the Modeling Views (IFIP-IFAC Task Force, 1999)

The architecture frameworks and their description approaches are generally compliant with GERAM requirements (Noran, 2005; Saha, 2004; Bernus, Nemes & Schmidt, 2003). In summary, views represent a subset of facts to address the complexity of EA description allowing the user to concentrate on a specific area of the EA. Hence the concept of views is applicable to all models across the lifecycle of their EA (IFIP-IFAC Task Force, 1999). The models to be produced, the modeling language to be used and the level of formalism to be used to create the models (as part of the view) are usually specified as part the architecture methodology. Analyzing the current EA frameworks reveals that though there are several commonalities among them all current architecture description approaches are characterized by:

· Lack of commonly accepted set of artifacts and models to be created

· Absence of commonly accepted architecture modeling language(s)

· Lack of consensus in the minimum set of expected content for architecture blueprint

· Limited focus on the EA from a holistic point of view, i.e. current approaches tend to focus on a specific area like the software architecture or business architecture only  

THE MODELING PROCESS
Architecture models are typically created with one or more of the objectives in mind: (1) To articulate a design choice / selection, (2) To simulate a specific approach to uncover other characteristics, (3) To uncover gaps and other inconsistencies and (4) To analyze design alternatives (IFIP-IFAC Task Force, 1999). To achieve the objectives Enterprise Architects carry out a set of basic modeling activities (Lankhorst, 2005). These activities representing current consensus and practice are:

· Establishing the purpose, scope and focus: EA modeling is a goal driven exercise. Defining the intended usage and objective of each model is an absolute imperative. Understanding the stakeholders’ needs to the build right models is a critical success factor. These are in turn derived from the overall goals and objectives of the EA program. Figure 4 provides an example of models required mapped to the purpose of the EA program and it clearly shows that not all models are needed always (The MITRE Corporation, 2004).
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Figure 4: Mapping Architecture Models to Support EA Goals (The MITRE Corporation, 2004)

· Identifying the viewpoints / views required: Ideally every EA model must have a purpose and seldom are they developed in isolation. EA is a complex undertaking. A proven strategy to address the underlying complexity is to organize the EA into different views (as already discussed earlier). The EA frameworks that organizations choose to adopt (usually) provide guidance in the views and the models that need to be developed as part of the EA blueprinting process. Minimally, EAs tend to have business, information, application and the technology views supported by the business architecture, information architecture, application architecture and technology architecture respectively. Some organizations also tend to elevate security architecture as a view within the overall architecture.   

· Developing and organizing the models: Following the establishment of the overall purpose and objectives of EA models (addressing the ‘why’) and the selection of the views (addressing the ‘what’) the next logical activity is to actually develop the models. EA seldom occurs in a blue sky scenario. Typically organizations already have several existing models. In such a scenario checking the validity of all existing models is recommended. For the purposes of EA, existing models are rarely enough and additional models are developed. Organizing the models by business processes critical to the success of the organization’s strategic initiatives provides tighter alignment, easier business justification and an important criterion for prioritization.     

· Utilizing the models: EA models form a critical ingredient for the EA blueprint documentation. The utility of the models is thus driven by the utility of the EA blueprint. Key potential uses of architecture blueprint have been discussed earlier.    

· Maintaining the models: The modeling process described here is iterative. It is important to synchronize the lifecycle of individual models with that of the EA blueprint. Needless to mention, if the EA models and the overall EA blueprint are not kept updated they lose their utility. This is the concern of architecture governance and management. Usually organizations maintain their blueprints (and the constituent models) by the adoption of disciplined EA lifecycle processes. The frequency of updation is need based but Figure 5 shows typical phases of EA lifecycle processes (NASCIO, 2004).
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Figure 5: Architecture Lifecycle Phases (NASCIO, 2004)

ARCHITECTURE DESCRIPTION LANGUAGES

The practice of enterprise architecture produces a set of artifacts (includes models, documents and other deliverables) aimed at specific audience with the intention of acting as a communication vehicle. In order to accomplish this communication enterprise models must be developed using languages that: (1) capture the intent of the aspect being modeled and (2) can be understood by the intended audience. A modeling language usually is an embodiment of modeling constructs, semantic and syntactic rules. Within the realms of information systems several formal modeling languages coexist for specific purposes. A modeling language must be able to maintain balance between complexity and expressiveness. At present there is little consensus on what an architecture development language (ADL) is, what should it contain and what aspects of the EA should be modeled. There are also differing opinions on the level of support ADLs should provide in terms of execution capabilities. Currently there are only two candidate ADLs that can possibly be adopted either as-is or with modifications by Enterprise Architects. These are discussed below.

Unified Enterprise Modeling Language

UEML aims at creating a European Consensus on a common Enterprise Modelling Language and to facilitate interoperability in the frame of on-going standardization efforts in this domain (Berio, 2005). The common language representing this consensus is defined in terms of a core set of modelling constructs (Panetto et al., 2004). UEML is positioned as more than just a plain ADL. The key objectives of UEML include: (1) Enterprise representation and structuring, (2) Development and exchange of EA models, (3) Development and exchange of EA meta-models, (4) Use and application of EA models and (5) Involvement of users in EA modeling (Panetto et al., 2004; Bergholtz, Johannesson and Wohed, 2005). Though officially this project funded by the European Union ended in June 2003, it has yet to make any impact in the practical world. UEML is supported by tools like Metis, MO2GO and e-MAGIM. See www.UEML.org for more details on UEML.  
ArchiMate

This is an outcome of the ArchiMate project, a Dutch research initiative to provide concepts and techniques to support Enterprise Architects in developing and analyzing EA. A full description of the ArchiMate notation and usage is outside the scope of this section, however Figures 5, 6, 7 and 8 depict the ArchiMate modeling elements and their interrelationships as a series of metamodels (Buuren, 2004). 
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Figure 5: ArchiMate Metamodel For the Business Layer (Buuren, 2004)
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Figure 6: ArchiMate Metamodel For the Application Layer (Buuren, 2004)

[image: image8.png]assigned
©
Infrastructure | © | Infrastructure
service interface
$realises
composed | |used by
of
associated
. with
Rutiiac Zssigned
o
realises
assigned associated
Execution to : with
environment [€———*  Device Network





Figure 7: ArchiMate Metamodel For the Application Layer (Buuren, 2004)
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Figure 8: ArchiMate Relationship Between Layers (Buuren, 2004)

ArchiMate has been used to develop real life EA for a few organizations there is still some way to go for it to be widely adopted. ArchiMate is supported by an increasing number of organizations, with consultancy, tools, and training. At the moment, certified ArchiMate tools are being offered by BiZZdesign (Architect) and Troux (Metis). Implementations by Adaptive, IDS Scheer (ARIS) and Agilense (EA Webmodeler) are expected shortly. For further details on ArchiMate see http://www.telin.nl/projecthome.cfm?id=48&language=en. 

Although this section has discussed two possible ADLs (with fundamentally different approaches) that Enterprise Architects can consider, in reality there is a recognition that given the scope and complexities of EA models one single language to fulfill all EA modeling needs is a bit of challenge. Even GERAM recognizes the fact that any enterprise architecture initiative is a large and complex undertaking and thus would require potentially multiple modeling languages (IFIP-IFAC Task Force, 1999). Requirements pertaining to modeling specified in the GERAM are:

· The (set of) modeling language(s) must be able to represent every modeling view / viewpoint for every enterprise architecture artifact in the development methodology and extent of specificity.  

· Models developed for one view must be linkable with models in other views, if the linkage is a logical requirement for a coherent enterprise architecture view.

· Modeling languages must be based on reliable ontologies (metamodels with semantic rules). 

Given the current scenario of lack of accepted modeling language and standards, Enterprise Architects prefer to use several languages to suit specific requirements. As already mentioned above most EA frameworks explicitly identify the architecture artifacts to be created as part of their respective methodologies, they are however not prescriptive on the architecture languages to be used in creating such artifacts (Saha, 2004). With the heterogeneity of objectives underlying enterprise architecture endeavors, architects must choose modeling languages with which they are able to accomplish intended architectural activities. Currently, there is no single modeling language capable of modeling all aspects of an enterprise. Hence, meaningful and complete enterprise model development needs several languages (Bernus, Nemes & Schmidt, 2003). Several general-purpose languages currently available are candidates and they include, Unified Modeling Language (UML) for Application Architecture, Entity-Relationship (ER) Data Model using IDEF 1x for Information Architecture, Object – Role Model (ORM) and Object Constraint Language (OCL) for specifying business rules, Event Driven Process Chain (EPC) and Business Process Modeling Notation (BPMN) for specifying Business Process View, among others. Taking TOGAF 8.1. Enterprise Edition as an example, Table 2 below lists the artifacts to be produced as part of the TOGAF Architecture Development Methodology (ADM) and identifies the corresponding modeling languages that are currently prevalent (The Open Group, 2005; Saha, 2004). The list of artifacts is by no means exhaustive and only represents current consensus and practice. Other architecture frameworks also have similar requirements.   
	TOGAF (Architecture Development Methodology) Phases
	Recommended Key Artifacts
	Possible Languages that can Used

	Framework and principles
	· Framework definition

· Architecture principles
	· Rich / annotated pictures with textual descriptions

	Architecture vision
	· Statement of architecture work

· Business principles, goals and strategic drivers

· Architecture vision
	· Rich / annotated pictures with textual descriptions

	Business architecture
	· Business principles

· Baseline business architecture

· Target business architecture

· Organization structure

· Business functions

· Business services

· Business processes

· Business rules

· Business architecture views

· Gaps analysis results
	· Rich / annotated pictures with textual descriptions

· UML

· System Dynamics

· BPMN / BPML

· OCL

· Structured English

· IDEF 0 / IDEF 3

· ORM

· ARIS (EPC)

· Petri Nets 

	Information system architecture
	· Baseline data architecture

· Baseline application architecture

· Data principles

· Application principles

· Target data architecture

· Conceptual data model

· Logical data model

· Data management process model

· Data entity / business function matrix

· Data interoperability requirements

· Target application architecture

· Process systems model

· Place systems model

· Time systems model

· People systems model

· Application interoperability requirements

· Data architecture views

· Application architecture views

· Gap analysis results

· Impact analysis results
	· Rich / annotated pictures with textual descriptions

· IDEF 1

· UML

· ER Modeling

· ORM

· Structured English

· Petri Nets

· Data Flow Diagrams 

	Technology architecture
	· Baseline technology architecture

· Technology principles

· Target technology architecture

· Technology architecture views

· Networked / computing view

· Communications view

· Processing view

· Cost view

· Standards view

· Gap analysis results

· Impact analysis results
	· Rich / annotated pictures with textual descriptions

· Network diagrams

· UML

	Opportunities and solutions
	· Implementation and migration strategy

· High level implementation plan

· List of initiatives
	· Rich / annotated pictures with textual descriptions

	Migration planning
	· Detailed implementation and migration plan

· Architecture implementation contract
	· Rich / annotated pictures with textual descriptions

	Implementation governance
	· Governance decision domains

· Governance archetypes and structural entities

· Governance mechanisms
	· Rich / annotated pictures with textual descriptions

	Architecture change management
	· Architecture change management plan

· Architecture lifecycle processes
	· Rich / annotated pictures with textual descriptions

· Financial modeling

· Multivariate statistics

	Architecture requirements management
	· Architecture requirements (common requirements vision)
	· Rich / annotated pictures with textual descriptions


Table 2: Possible Modeling Language Used to Develop TOGAF Artifacts
Using several languages not belonging to the same family (and not having the same underlying meta-model) creates challenges in maintaining consistency and interoperability. Two potential solutions discussed above based on a common integrated set of metamodels, semantic rules and language constructs are still in their infancy and the hope to find ‘a language’ that is able to accomplish all of EA modeling objectives is farfetched. The architect must therefore choose language(s) appropriate as per project requirements (Saha, 2004). The current practice of using several languages to fulfill EA modeling requirements severely limits the benefits that organizations could otherwise have gotten from architecture modeling and models. As an analogy, one has to just look at the way adoption of Object Oriented approach to software development went up with the release and widespread adoption of the Unified Modeling Language (UML). Lack of a single EA modeling language also limits the benefits of the use of EA tools, so much so that today there is not yet a full-fledged EA tool available in the market. There are several contenders already in use, each with their own strengths and weaknesses but none addressing whole set of modeling requirements (Schekkerman, 2006). EA tools and technologies are discussed in the next Section II.7 of this guide.

BEYOND ENGINEERING AND STRUCTURAL MODELS

Almost all of the architectural modeling efforts currently tend to overly focus on developing engineering and structural models where EA is viewed as an engineering activity. Viewing EA as an investment activity creates the need to build economic models. Such models often do not get the visibility that they deserve given their contribution to successful organization wide EA programs. Traditional engineering oriented EA modeling focusing more on structure and technical perfection leads to lower TCO than value added (or asset productivity) (Gartner, 2002). On the other hand taking an economic view to EA development where it is one of investing valuable resources under uncertainty with the aim of maximizing value added to the organization is consistent with one of the documented business benefits of EA which mentions, “better return on existing information and reduced risk for future investments” (Perks & Beveridge, 2003). While it is possible to adopt a complex view of value, value measured in terms of asset productivity improved for the enterprise usually suffices. This view is supported by the fact that according to Gartner, by 2007, IT asset productivity will drive market capitalization (Saha, 2006). Economic value of an enterprise is greatly influenced by structure. The reason being that structure dictates behavior (including flexibility) that is displayed by an enterprise in the face of changing and uncertain business environment. Under such conditions flexibility in the architecture development process can provide great value by potential to avoid risks and take benefits of new opportunities as they come by (Saha, 2006). One plausible approach to address the issue of managing risks and uncertainties in EA programmes with the aim of maximizing organization value is to build economic / financial models applying the options pricing theory and build real EA options. A detailed discussion on development of EA options is outside the scope of this section; however as an illustration Table 3 provides a suggested list of EA option models that can be developed.

	Type of Real Option
	Option Elaboration & Investment Features
	Conditions for Options to be Viable

	DEFER
	An option to postpone investment commitment on EA initiative in order to learn more about the potential investment outcomes, expected payoffs and costs. In this scenario an organization may defer the decision to embark on an EA development journey if benefits out of EA are fuzzy and unclear.  Additionally, this is feasible option when the linkage between EA development objectives and enterprise business objectives are not clear.    
	· Investment opportunity is not a “now or never” situation

· Organization is not exposed to overly competitive environment

· Deferral is an explicit decision and not an implicit way to avoid decision

· Deferral has the potential to resolve some uncertainties

	EXPLORE / PILOT
	An option to realize EA implementation on a prototype / pilot scale, which itself has expected payoffs and associated costs. If the pilot is deemed successful, the investment can then be scaled up with a follow up investment that has higher expected payoffs and associated costs.    
	· Availability of investment avenues at a reduced scope and cost

· Pilot can be performed using existing resources and avoiding full scale investment

· Some risks can be mitigated using an exploratory approach

· Pilot findings are useful if full scale investment is the next step

· Abandoning the pilot has no competitive, operational and regulatory consequences

· Pilot should not be performed half heartedly and failure in pilot is seen as learning in itself 

	SCALE UP / DOWN
	An option to expand / contract the scope of EA initiative depending on observed conditions. Changes in operating scope could be achieved by:

· Limiting the number of business units / entities where the EA is deployed

· Limiting the number of views to the architecture incorporates

· Limiting the role and importance of architecture governance  


	· Possible to enhance / lower investment without much negative consequences to the initiative

· Full scale implementation is decomposable into a series of stages that can be performed one at a time and fairly independently

· Organization can get benefits of the initiative, albeit reduced, even if full scale implementation is not chosen

· Expanding and contracting scale of initiative should have commensurate impact on the investment needs, payoffs and benefits 

	COMPOUND (SEQUENTIAL)
	An option involving two or more of the above options, where the value of an earlier option can be affected by the value of later options or vice versa. As both EA Maturity Framework and EA Management Maturity Framework are five level systems, each of the above options is relevant at a particular level. This provides an option to realize EA implementation as a series of sequential implementation stages incrementally without initially committing to attain highest maturity levels.    
	· Possibility of combining any of the above two options

· Phased investment is possible and investment lifecycle can be aligned with the architecture development lifecycle

· Benefits of each phase can be clearly delineated and used as an input to decide on investment for the next phase

· Not mandatory to commit to all phases upfront, as the investment is contingent upon perceived success of the preceding phase

	STRATEGIC (GROWTH)
	An option where EA investments provide the capability to create future investment opportunities as well as allow the organization to respond quickly to regulatory and / or competitive threats. For instance, Clinger-Cohen Act of 1996 requiring U.S. Federal Agencies to develop and maintain Enterprise Architecture.    
	· Availability of growth options to take advantage of future opportunities

· Capability to make preemptive moves to seize upcoming opportunities, by leveraging on strengths gained from original program


Table 3: Suggested EA Option Models (Saha, 2006)

CONCLUDING REMARKS

A model, in the context of this section, is an unambiguous abstract conception of aspects of the real world. Technically all models are wrong, it is just that some are more useful than others. In EA, modeling typically involves creating abstraction of the various facets of the organization. The types of models and their respective level of details depends on the overall goals of EA, the EA framework adopted, resources available, modeling competency and available tool support among others. However, the most critical factor in successful EA modeling specifically is conceptual integrity. It is the extent to which a model can be comprehended despite its complexity. Key modeling principles include: (1) Orthogonality (keeping modeling elements and views independent), (2) Generality (avoiding introduction of divergent multiple functions in a single model), (3) Parsimony (excluding the irrelevant) and (4) Propriety (not restricting what is inherent). 

EA models capture different dimensions (aspects) of the organization. Commonly used dimensions include: (1) Functionality: functional decomposition, (2) Time: temporal structure, control flow, data flow, (3) Usage: dependencies, call graphs, (4) Location: geographical distribution, (5) Data structure: entity / class structures, (6) Work: Units of implementation, module structure, and (7) Economic: options, risks. It is not necessary that every EA development programme must have all the dimensions captured, but given the complexities involved in creating a model base that achieves overall coherency as part of the EA blueprint, Enterprise Architects are forced to use several languages to meet the modeling requirements. This creates several challenges as already discussed earlier. Nonetheless, some of the common recurring themes in EA include reducing complexity, increasing standardization, and perpetuating best practices. An effective EA places heavy emphasis on standardization since it not only encourages reuse but also brings down the total cost of ownership of a system. Standardization helps a firm to ultimately reap the benefits of economies of scale and scope. However, advancement of EA discipline to address these themes aided by open specifications is limited by the absence of a unified architectural development language. If history is anything to go by, then success of Object Oriented Analysis and Design is largely attributable to the Unified Process and the Unified Modeling Language. Going by the same yardstick, success and advancement of Enterprise Architecture will be greatly aided if current architecture frameworks and fledgling architectural development languages (like UEML and ArchiMate) come together and provide the necessary momentum.   
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(section 4.6 draft ends.)
4.7 EA Information Base: Tools and Technologies

Based on the needs and requirements identified by previous sections, this section categorizes and analyzes EA information repository tools, their computation methodologies, and their computer technologies. Issues and lessons learned related with this topic are also discussed.

4.8 EA Information Base: Operation and Management Processes

This section discusses the processes required to operate EA information bases and to maintain the quality of EA information stored and presented by the bases. Issues and lessons learned related with this topic are also discussed. 

4.9 EA Information Base: Quality and Performance Management

This section identifies the quality and performance requirements for EA information bases and discusses approaches to manage their quality and performance. Issues and lessons learned related with this topic are also discussed. 

4.10 Chapter Conclusion
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