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Preface

Motivation

What is the book about? This inter-disciplinary and integrative book combines recent 
evolutions in enterprise architectures and services to provide a prescriptive frame-
work for the practitioner architect and the needed background for a researcher.

This book covers the:

• Solution-driven development and improvement of IT (Information Technol-
ogy) services for Business Efficiency, Innovation and Agility.
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Figure 1. The Adaptive Complex Enterprise framework provides integrated business 
and technical Co-engineering skills that can be applied to improve changing business 
processes and complex IT systems.
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• Methods for practicing architects, business analysts, project managers, and 
software engineers to achieve solution success through creating Work Products 
that reflect a shared understanding of:
 Customer requirements
 Business goals
 Product/service life-cycle
 IT Infrastructure support needs

• Context for better IT-related decision making through alignment within the 
complex enterprise. 

• Integrates business and engineering knowledge needed for practice and 
research through the Adaptive Complex Enterprise service ontology and 
framework. This integrated knowledge seeks to give students and profession-
als conceptual tools for improved practice and a basis for the formalization of 
experiential learning for further research advancement.

Why is this needed?

Dynamic economic context demands service agility and requires overcoming chal-
lenges in the way we:

• Govern complex Business-IT systems and their evolution
• Deal with constant change in underlying business Agents – organizations,  

processes, and technology components
• Deliver value despite significant business constraints

Motivating Adaptive Complex Enterprise (ACE) Frameworks for

• Adaptive architectures that deploy quickly to allow new behaviors to emerge  
• Holistic, interdisciplinary work products that guide effective practice.
• Deeper principles critical to improved analysis, increased re-use, and reduced 

costs.
• Continued leverage of investments in installed enterprise systems.
• Formal and integrative interdisciplinary knowledge critical to useful academic 

advancement through leverage of industry practice.

What is the Adaptive Complex Enterprise (ACE)? 

• Agents organized by a customer-provider service ontology representing their 
fine-grained interactions and value contributions (IDC 2007) a
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• A conceptual framework by which we can continuously improve the value 
delivered by a complex system of business agents in dynamically changing 
environments   

• A way to integrate the application of interdisciplinary business, systems engi-
neering and IT methods and knowledge

Dynamic Context: Driven by a rapidly changing global environment that in-
cludes communications, competition, business growth, and technology innovation, 
‘services’b now account for a pre-dominance of the labor force in most economies. 
To thrive, the service enterprise must sense, respond, and adaptc to external condi-
tions and leverage new opportunities (Haeckel 1999). In addition to addressing 
externally-driven uncertainty, the service enterprise must also embrace change and 
variation in interactions within its own organizations and systems that are getting 
more and more complex. These have been identified as issues to be addressed in 
the emerging field of Services Science Management and Engineeringd. 

“Economic conditions like the recent recession are likely to make real-time 
delivery of products and services all the more attractive. Real-time enterprise tech-
nology can enable companies to answer queries instantly, monitor business on a 
continuous basis for quicker responses to shifting market conditions, and offer new 
products and services as new data becomes available. Behind the drive towards real-
time enterprise is new hardware that gathers more real-world data than ever before, 
and software technology that eases or eliminates the trade-off between integration 
and flexibility. The technology is poised to have a tremendous effect on internal 
corporate operations while at the same time increasing the economy’s fluidity--and 
possibly its turbulencee”. 

These trends severely challenge traditional disconnected business, technology, 
and architecture frameworks that are designed to manage within simpler and more 
static and environments. While IT (Information Technology) with SOA (service-
oriented architecture concepts and related technologies) is now positioned, it is not 
yet practically implementable as a tool for the service economy. This requires the 
development of a new integrated discipline for managing complex systems. Such 
a discipline must enable new tools and methods that are responsive to the external 
environment, making adaptive behaviors possible. This book is a contribution 
towards that goal. 

Motivating Adaptive Enterprise Frameworks: As companies seek to stay com-
petitive and offer more services through product innovations and variations new 
processes and information needs arise. These needs are often not met despite the 
overall investment in enterprise applications (Gartner 2003)f. The resulting systems 
– composed of both organizations and software - are often found to be rigid (Nates 
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2003)g. To succeed we have to think of systems differently – as complex systems 
of made of a small number of interacting patternsh. 

Services innovation requires emergent architectures frameworks: Service-ori-
ented organizations typically have the dual challenge of embracing complexity 
due to externally-driven variation while simultaneously managing the evolution of 
enabling complex IT systems. However, confusing build-versus-buy-versus-adapt 
options confront the businesses looking to overcome IT limitations. Of these, the 
buy option is usually pursued first. However, when off-the-shelf applications fall 
short, service-oriented organizations continue to invest in enterprise-level initia-
tives and custom integration to improve performance. These investments often fail 
to deliver the expected value and return. This is due to application challenges such 
as overlapping application functionality, existing lack of services, and the lack of a 
practice methodology for developing realistic estimates of costs and risks. It is no 
wonder that only a small fraction of enterprise projects are on time and on budget. 
As IT use gets more pervasive within the extended enterprise, these challenges 
make innovation and adaptation to externally-driven change even tougher. These 
challenges need to be jointly addressed by the Business and IT organizations. This 
requires enterprise architectures that can facilitate the emergence of new externally-
driven adaptive behaviors. 

Creational Versus Operational and Continual Improvement: Traditional Com-
puter Science curriculum has focused primarily on the creational aspects of software 
and hardware systems. The challenges of enhancing the overall functionality and per-
formance of a deployed system is left primarily unaddressed within the curriculum. 
With the increasing complexity of deployed systems, there is a need for continual 
improvement approaches that take a more systemic view and system engineering 
methods for creative tasks in the context of an operational system. 

Holistic, interdisciplinary practice frameworks are required for effective 
practice. Thousands of relevant books and publications provide an explosion of 
information - strategies, initiatives, technologies, and practices – all promising to 
improve the performance of today’s Business-IT systems. Five Forces, Balanced 
Scorecard, Enterprise Architecture frameworks, Customer Relationship Manage-
ment, Enterprise Resource Management, Supply Chain Integration, Product Data 
Management, eStrategy, Re-engineering, World Class, Six Sigma, Total Quality 
Management, Just In Time, Lean, Concurrent Engineering, Enterprise Integration, 
Workflow Management, Middleware, Web services, Service-Oriented Architectures, 
Security, and Requirements and Organization Engineering are just a few among the 
topics covered. 

However, this material is very poorly integrated for effective practice (Denning 
2003, Armour 2003). Today’s knowledge for engineering complex systems is at 
best descriptive, ad hoc, and pre-scientifici. Underlying principles are not abstracted 
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for high-bandwidth communication and effective application by interdisciplinary 
implementation teams. How can we work locally in technical teams, yet make 
decisions that further overall business goals? When do we know that the issues we 
address are adequate and complete? When do we know when we have a truly new 
idea? How do we asses project impact on organizations and existing systems? How 
do useful best-practice frameworks relate in a deployment? How can we reduce 
custom code and reduce maintenance costs? These are just some of the questions 
that need to be addressed (Computing Curricula 2005). 

Re-invention is in Part Due to Failure in Industry and Academic Collaboration. 
Despite the common elements across projects and businesses, most major IT proj-
ects in enterprise integration are often traditionally treated as “one-offs”. Further, 
there is no shared ontology and basis for shared principles. The various disciplines 
involved understand the same enterprise integration concepts in a unique way. For 
example, the ubiquitous notion of a ‘process’ means different things to the distinct 
practicing disciplines of business, systems engineering, and computer science. To 
illustrate the point, a systems engineer will be concerned with the behavior of the 
process while the computer scientist is more concerned with the representation of 
process behavior. 

Consequently, strategies for integration are not only re-invented on a project-by-
project basis but left to the particular experiences of the team of practitionersj. With 
some exceptions, much of the needed knowledge is still proprietary and deployed 
at high costs. To counter the proprietary trends, both end customers and technology 
and service vendors such as IBM and Hewlett Packard promote open practices and 
re-use at the more conceptual levels (Herzum 1999). 

While the practitioner, analyst, and academic communities have developed useful 
frameworks over the last few decades they typically have two shortcomings. Either 
they focus on a very limited slice of the problem or the problem is too abstracted. 
In either case research in successful IT practice and deployment is scarce. (See 
Denning 2003 for a discussion). Within academia green field assumptions also 
make research less relevant. Thus, unrelated and abstract frameworks lead to a lot 
of overlapping materials, inefficient communication, and re-invention without the 
evolution of fundamental underlying concepts. 

Deeper Principles are Critical to Increased Re-Use and Reduced Service Costs. 
Service organizations often focus on differentiation as a competitive strategy; on the 
other hand the business return on IT is tied to increasing reuse. Businesses defin-
ing their success based on uniqueness are indeed different when examined on the 
surface but often very similar when represented at deeper levels (Long & Denning 
1995)k. In contrast, requirements communicated at the surface level generates a 
remarkably diverse number of IT implementaions. If every IT need is treated as a 
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unique service project, it becomes difficult for technology vendors and IT workers 
to provide IT supported solutions and systems that are cost effective.

What is the adaptive Complex Enterprise (aCE)?

ACE is a conceptual view of the complex interactions between services provided by 
any collection of organizations and systems; and Co-engineering is the theory that 
allows us to analyze, reason about, and improve the ACE performance. The service-
interaction-based ontology is also introduced as the basis of the ACE representation 
(Adaptive Complex Systems 2005). This dynamic structure allows us to create work 
products that surface performance issues that can be analyzed and Co-engineered. 

The ACE framework herein is based on a service interaction ontology that 
provides a deeper approach for defining principles that can be taught, practiced, 
and researched. Leveraging the representational methods of computer science, the 
analysis techniques of systems engineering, and business decision-making, the 
ACE framework leads to a shared understanding and increased communication 
bandwidth for Co-engineering of the Business-IT attributes of complex systems. 
Requirements and solution cost-benefit tradeoffs can now be discussed at deeper 
levels. Thus richer dialog can now replace the feeling of helplessness and déjà vu 
felt by experienced project managers as they face a lack of understanding within 
each new project team. New tools and methods can be developed. The integrative 
framework is based both on recent technology advances and conceptual successes 
of Complexity Theory. 

Co-engineering simultaneously engineers the Business tactics, IT, Operations, 
and Strategy (BioS) performance based on established business and systems engi-
neering principles and technology. The ACE framework, including both the repre-
sentation and the Co-engineering theory, builds upon transaction theory to integrate 
Porter’s Model, The Balanced Scorecard, Lean, The Open Group Architecture 
Framework, Organizational Engineering, IT Infrastructure Library, Component 
Business Modeling, Business Process Management, Service-Oriented Architecture, 
and Autonomic Concepts. 

The prescriptive performance-centered Co-engineering method integrates these 
proven and existing best practices at a deep level using precise service-interaction 
ontology. The result of Co-engineering is a roadmap for achieving overall complex 
system goals and business aspects, like risk management, value creation, return, and 
payback. Within the organization, business requirements for IT are more clearly 
defined and deployed to enable business service solutions. 

Building upon the core of proven frameworks, Co-engineering also allows us 
to analyze the ACE Work Products and align performance to the value add desired 
by the BioS stakeholders. At the same time, it provides a framework to leverage 
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emerging opportunities for managing complex IT systems better with IT itself. 
Such an active ACE architecture advances adaptation by providing a conceptual 
structure for real-time monitoring of the BioS layers. The alignment across the BioS 
is achieved by defining global policies for adaptation and providing the context for 
locally improving autonomous resources. 

Using case studies throughout, we show how a small number of ACE framework 
patterns can be dynamically applied to permit local and lightweight implementations 
by teams of practitioners. Thus, the ACE framework provides a body of integrated 
knowledge for high-bandwidth communication and for implementation by inter-
disciplinary project teams in a highly distributed fashion.

approaCh 

What is the ACE approach to Knowledge Integration?

• ACE ontology is based on the well-studied notion of a customer-provider 
‘interactions’ needed to implement a business transaction using services and 
related patterns.    

• Captures horizontal and vertical nested interactions to structure the asso-
ciations between Business tactics, Business Processes, IT Infrastructure and 
Strategy.   

• Conceptual architecture and structure allows measurements and application 
of Systems Engineering methods that relate IT and Business.    

• Facilitates the application of best practices through this integrated perfor-
mance-centered structure.

ACE further leverages the following concepts:

• Complex systems can be represented at ever-deeper levels using and re-using 
simple patterns that leverage component services.

• Patterns also relate global coordination policies to local business agents re-
sponsible for implementing change.

• Integrated framework for measurement leads to predictive and continuous 
improvement strategies and also improved global policies.

• Leverage technology for componentization and distribution.
• And, technology trends evaluated in the context of priorities and require-

ments.
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Why is ACE effective?

• Provides us with a lens that focuses on dynamic variation and how customer 
- provider agents provide value when they react.

• Co-engineering refers to ‘engineering in context’. Allows us to relate the agent 
interactions to goals that must improve though prescriptive actions.

• Addresses bounded rationality by permitting improved decisions without 
requiring detailed modeling of the enterprise.
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• Spans Business, Systems Engineering and IT silos of knowledge.  The technical 
and organizational ACE framework complements the business case method 
with measurement and predictive tools for proactive leverage using IT.  

This is a book on service-interaction-based creation of value from business, in-
formation flow, operations, and technology performance perspectives. It is not just 
a book on any single aspect - such as integration, or security or compliance - but on 
an interaction language for representing and meeting commitments between all the 
stakeholder and resource perspectives. The result is a conceptual ACE representa-
tion of an enterprise with performance traceability that allows the Co-engineering 
of BioS perspectives. Thus the ACE framework allows service-oriented organiza-
tions to leverage the speed and dynamic flexibility provided by IT to run the ever 
more adaptive businesses. (See Christensen 2004 for the need for a more predictive 
capability and the special issues - Service Orientation 2007 and Services Science 
2006 for and excellent background on services). 

This book is an evolutionary one based on consolidated experiences of hun-
dreds of companies. It is a book for the successful introduction of SOA projects 
into the services organization. And it is a book that describes more than planning 
for SOA implementation; it provides patterns for strategic planning, execution, and 
improvement of business services using specific Work Products. Finally, it is a book 
on in-the-large and in-the-small ACE representation to empower teams to identify 
and engineer the Business-IT tradeoffs through good decision making, investments, 
and implementations. 

Thus, this is an integrative, rigorous, yet practical book intended for the advanced 
student or the practitioner with some real-world experience. It also identifies future 
research and opportunities for industry–university collaboration that is critical 
to furthering the discipline of services science (Services Science Management 
and Engineering). To this end, the book is presented in a manner suitable for the 
practitioner within a services organization and it also has extensive end-notes and 
annotated references into a vast body of knowledge in three disciplines - Business, 
Systems Engineering, and Computer Science. 

The ACE and Co-engineering framework of this book has evolved over the last 
two decades of business process solution experience of the authors applying work-
flow technology to adapt industrial-age enterprise systems to enable new services 
and business processes. The underlying change-management patterns themselves 
have been abstracted and validated though projects with over a hundred and fifty 
different companies and the experiences of even larger communities such as Inter-
national Standards Organization (e.g. ISO 9000, ISO 20000), Supply Chain Council, 
Object Management Group, OGC, ITIL, W3C, OASIS, and others. 
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The main motivation of this book is to provide knowledge that more successfully 
Co-engineers - anticipates and better predicts - and thus enables an organization to 
become an Adaptive Complex Enterprise for services delivery.

aCE Knowledge integration

The approach taken in the ACE Framework is to define a small number of patterns 
based on the universal and fundamental ontology of customer-provider service 
transactions. The ontology serves to unify a selection of patterns and methods dis-
covered and often re-discovered across the disciplines. (See Alexander 1999 for an 
overview of patterns). 

Componentization: The recent progress in IT technologies, especially in the 
areas of middleware, workflow execution, and Web services, makes it possible to 
compose business process enabling solutions by leveraging existing applications 
(Berners-Lee 2001). There is now also a wealth of experience that allows us to re-use 
specifications and write adaptors to existing enterprise applications treating them 
as components within larger systems and business components (Herzum 1999). 
Vendors such as Hewlett Packard, IBM, and Microsoft and organizations like the 
OASISl, Object Management Groupm, W3Cn, TOGAFo, and National Institute of 
Standards and Technologiesp now represent the experiences of numerous companies 
in this area. 

Complementing the Case Method with Predictive Approaches: Broadly speak-
ing, the widely accepted case methodq has been used to develop decision-making 
skills by focusing on the behavior of the business . Here within the business, the IT 
details are primarily treated as a black box (Christensen 1999). The Co-engineering 
method of this book complements the case method by relating the business behavior 
to its internal layers and dimensions - operations, execution, and IT. This treatment 
of the internal layers as a white-box enables teams to explore cause-and-effect rela-
tionships and better predict the exact areas of maximum system improvement and 
IT leverage. By reasoning about the internal workings of the Business-IT system, 
management can now better identify implementation strategies. In summary, for 
improved business management, the black-box case approach identifies the faults of 
omission. The white-box Co-engineering approach discovers faults of commission, 
pinpointing those parts of the system whose implementation is faulty and needs to 
be adjusted. 

ACE can now be Represented at Ever-Deeper Levels Using a Single Pattern 
Framework: ACE is based on easy-to-learn patterns incorporating uncertainty 
– dynamically and recursively applied patterns called fractals (Mandelbrot & Free-
man 1983)r - to elaborate each black box layer with white-box details, repeatedly 
(CACM 2005). Fractals allow all these internal dimensions to be represented and 
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related more precisely with external events. Thus, macro-level business services and 
objectives are related to micro-level operating performance targets. The resulting 
structure now provides cause-and-effect traceability leading to better adaptation. 

There is a growing and diverse community that has been applying fractals, 
and the more general Systems Theory (Skyttner 2005)s, Complexity Theory (Kiel 
1994, Kelly 1998), or Chaos Theory, to characterize and understand the behaviors 
of complex systems and the manner in which they respond to unexpected demands 
and changes in their environment. Some examples of these works and initiatives 
are reported within the Santa Fe Institutet, the Next Generation Manufacturing 
(Jordan & Michel 2000, Kiel 1994)u, and the European Union’s Sixth Generation 
Frameworkv. In general, the exact use of Complexity Theory varies within projects. 
It has been applied as a model for simulations aimed at understanding growth in 
biological systems, fluctuations in economic systems, and turbulence in fluids. 
Complexity Theory also has been used to increase understanding through analogy 
between socio-economic systems and biological systems for greater understanding 
of socio-economic phenomenaw. 

Continual Improvement: Finally, we integrate the concepts underlying Complex-
ity Theory with the pattern in Deming 1982x - plan, do, study, and act - to locally 
improve the service transactions performed within the ACE at both in-the-large, 
for example business, and in-the-small; IT, dimensions. The service transaction is 
itself achieved through the interactions and services of the IT infrastructure made 
of people, processes, and software applications. 

We use examples and case studies to show how the methods and principles can 
be deployed. By using them along with current technologies we can implement 
patterns for more flexible cost-effective SOA solutions for the enterprise. We will 
show how the ACE Co-engineering methods can form the basis for experimenta-
tion and science. 

audiences and Learning objectives

The book is intended for the practicing professional and the advanced student in 
any of the disciplines of Computer Science, Operations Management, Management 
Information Systems, Systems Engineering, or Public Policy. Aimed at the advanced 
or mature student, the book uses an integrative interdisciplinary approach to apply-
ing materials from several disciplines to understand and solve concrete business 
problems using IT and other technologies, as and when applicable (Figure 1). 

For practitioners at the executive and senior technical management levels with a 
background in business, operations, or information technologies, the book provides 
the precise knowledge necessary to understand and isolate the deeper issues and 
challenges in applying IT to develop solutions to business problems. 
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For the advanced senior or graduate student with work experience, the book 
should be used as part of an integrative program enabling the student to make deep 
linkages and thus better decisions in the professional world. It is expected that the 
student will participate in a practicum – such as a two-term industry-sponsored and 
industry-relevant project - applying the methods of the book. Basic project steps 
and deployment work products are introduced at the end of each chapter to facilitate 
the learning process.

Solution Architect: We introduce the solution architect role as an analyst that has 
the skills of both the Business and IT systems analyst to function as an integrator. 
The business-type benefits from the “white-box” approach followed here in many 
ways. The Co-engineering method connects the Business analyst and the IT systems 
analyst with Work Products and tools to negotiate the ACE solution tradeoffs without 
needing very detailed disciplinary knowledge. 

Finally, the knowledge presented here benefits IT workers in technology compa-
nies as well as IT workers working in companies with internal IT departments. IT 
workers in technology companies can deliver products better targeted to the service 
economy. Similarly, IT workers within internal IT departments can better understand 
the larger context in which their services have to be delivered. For background, a 
basic knowledge of business strategy, cost accounting practices, project management, 
databases, programming, and process/data modeling is assumed. Knowledge of UML 
and sysMLy is a requirement and is used to represent enterprise architectures. 

Learning objectives

The student or architect will learn to represent and manage the improvement of 
complex systems with the following skills:

• Ability to develop conceptual representations and Work Products of Business, 
IT infrastructure services, Operations, and Strategy and linkages and perform 
analysis.

• Ability to lead an interdisciplinary team and apply Co-engineering analysis 
methods to deploy effective and innovative service solutions. 

• Ability to apply enterprise architecture concepts to deal with the conflicting 
forces in real-world situations. By articulating tradeoffs and through more 
complete decision-making, the student will be able to contribute towards suc-
cessful communication and implementations within the organization. 

• Ability to perform gap analysis to identify IT or Business services that have 
to be created or modified to meet business objectives. 

• Ability to identify the role of emerging technology trends in innovation. 
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• Ability to facilitate decision making through a more thorough articulation of 
Functional (business) and Non-functional (operational) requirements.

• Ability to implement the governance needed for effective in-the-large and 
in-the-small program management.

• Ability to apply principles that take into account trade-offs between Business 
function and IT cost-factors and risks as in any engineering discipline. 

• Ability to govern and deploy best practices (like ITIL, Lean, and SOA) more 
effectively. 

• Ability to enable services using technologies (such as Enterprise Services 
Bus, Enterprise Application Integration, Electronic Data Interchange, J2EE, 
and architecture patterns). 

• Ability to conduct research in the emerging field of services science. 

The skills are based on an enterprise framework that brings order and meaning 
to observations that may otherwise seem chaotic. It explains complexity in a sim-
pler manner by establishing principles. This positions the student to conduct future 
research in more predictive management techniques and technologies. With this 
knowledge, the student will be able to play the role of a solution architect within 
the organization. 

Scope and Learning objects 

The scope of topics and relationships is presented in Figure 2. The ACE Co-engineer-
ing framework begins by analyzing external influences on the organization. These 
in turn create Strategy requirements that guide the Business, Operations, and the 
enabling IT infrastructure of the organization viewed as ACE. The Co-engineering 
principles help identify evolutionary and revolutionary methods for improvement. 
The related learning objectsz are alos as illustrated Figure 2. 

Finally, the chapters contain examples of the business-related IT problems solved 
by the prescriptive Co-engineering steps. They address the real world challenges 
using rigorous principles. We also include the rationale for why the prescriptive 
methods work. Typically this will be presented in the form of end notes and refer-
ences that index into a large body of related knowledge in three disciplines. This 
background work is presented for academic pursuit and the main flow is not inter-
rupted for the reader with primary interest in practice. 

Thus this book is written as a framework and an organized introduction to a vast 
amount of related interdisciplinary knowledge and underlying concepts that are the 
basis for Co-engineering complex systems. Many ideas are also presented for ad-
ditional research. An extensive glossary and templates are provided at the end. We 
also take advantage of links to Wikipedia and other accessible sources of reasonably 
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factual information. The papers referenced here are selected for historical value and 
accessibility for the researcheraa. Finally, each chapter has suggested readings that 
form a good background for future chapters. 

prEparing for projECtS

The instructor is encouraged to identify enterprise architecture projects and project 
sponsors. Preferred sponsorship would be from the senior management looking to 
advance the use of IT to improve efficiency or for service innovation. 
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EndnotES

a According to IDC (Filing Information: March 2007, IDC #EMT1P, Volume: 
1) Business transaction Management (BTM) is an emerging IT management 
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concept that can potentially address both IT complexity and business align-
ment requirements. At its essence, BTM is aimed at detecting and resolving 
problems at the granular level of interactions between IT elements that form 
a business transaction (e.g., online stock trade, travel booking).

b Some aspects of services: Close interaction between supplier and customer, 
Nature of knowledge created and exchanged, Simultaneity of production and 
consumption, Combination of knowledge into useful systems, Exchange as 
processes and experience points, Exploitation of ICT and transparency (Ser-
vices Science 2006, p 37). 

c In Haeckel 1999, the need for service businesses to be externally facing 
organizations in order to be responsive to changing market requirements is 
motivated. 

d This, according to a recent May 2006 Summit, motivates the need for a ‘Ser-
vices Science Management and Engineering’(IBMSSME 2008).

e While this is a post Dot Com observation according to the Economist 2002, 
it well applies to the more recent mortgage crises and future unanticipated 
events. 

f Gartner Dataquest (August 2003) forecasts - $536 billion worldwide IT services 
industry will grow through 2007 to reach $707 billion, with a compound an-
nual growth rate of 5.7 percent. . Financial services providers have learned to 
bargain with IT services providers but remain dissatisfied with business case 
development for IT investments. 

g According to Gartner Research (Natis 2003) industry trend is to replace mono-
lithic, isolated application stovepipes by systems that are partitioned, distrib-
uted, integrated and designed-to-be-integrated. A third option of composing 
systems is being introduced to the more traditional build versus buy decision. 
However, much research needs to be done in this new arena of coexistence 
and cooperation of independent components. “Reducing complexity will be 
imperative to the software industry if it is to avoid massive setbacks and user 
revolts”, according to Natis. The treatment of evolving business requirements, 
changing software components, and organizations as the Adaptive Complex 
Enterprise puts forth a framework for reducing the complexity of software en-
gineering, deployment and maintenance. By treating complexity as approached 
in this book we will contribute towards engineering principles in the design, 
development and maintenance of complex systems. 

h Alexander’s pattern theories are among those few which have been perceived 
as so inspiring, or perhaps so fundamental, that they have successfully crossed 
over and taken root in disciplines for which they were never originally intended 
for. In this keynotes address, Alexander welcomes the integration of his ideas 
into the computing profession and hints that he believes it may have a deeper 
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relevance in this new field than it has thus far been able to acknowledge, 
perhaps because it has been taken too literally. When computer scientist are 
introduced to patterns they are often presented chiefly as time saving devices, 
or little chunks of information that can be written down nicely and referenced 
as building blocks when new problems are introduced. But do they play a role 
in a large process and can they truly be generative from a systems building 
perspective?

i An early paper (Shaw 1990) describes evolution of a typical engineering 
discipline. In comparison with a typical engineering discipline software en-
gineering is still an art. The evolution of software engineering will require a 
good coupling between the practice and underlying science. 

j Armour 2003 has a good discussion of the devastating effect of this “knowledge 
gap” on project success. This is also discussed in (Clements, Kazman, Klein 
2002). 

k Early work (Long and Denning) illustrates differences between deep versus 
shallow systems. Additionally in the field of artificial intelligence, shallow 
knowledge is said to be task dependent, additive and brittle. On the other hand 
deep knowledge is said to be task independent, describes underlying causal 
relations, and is complete at a certain abstract level. 

l OASIS: http://www.oasis-open.org/home/index.php
m OMG - http://www.omg.org/
n W3C http://www.w3.org/
o TOGAF The Open Group Architectural Framework. How does TOGAF help 

deliver an effective IT architecture? TOGAF represents the world’s best prac-
tice in IT architecture development: Developed by the members of the Open 
Group, a not-for-profit body consisting of experienced users and vendors 
working in combination. Based on Commercial Off-The-Shelf (COTS) open 
standards. Genuinely vendor-neutral. Does not imply or favor any particular 
technology or paradigm. Backed by tools and professional services that are 
similarly independent of specific technology solutions, are practical, and reduce 
the costs of planning, designing, and implementing architectures based on 
open systems solutions. Endorsed by a body representing 25% of the world’s 
computing purchasing power. Demonstrated to work in practice by leading 
user organizations, who have documented their experiences in case studies 
that are freely available for review ..Available in the public domain (published 
by the Open Group on it’s Web site http://www.opengroup.org)

p NIST – National Institute of Standards and Technologies. Enterprise Integra-
tion projects. 

q Case method - http://en.wikipedia.org/wiki/Case_method
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r The conceptual ACE patterns presented here are based both on recursive 
Interactions at different scales associated with Complexity Theory as well as 
the problem solving pattern template approach, forming the basis for re-use 
and extensibility. 

s International Society for Systems Science: http://isss.org/world/index.php
t Santa Fe Institute: http://en.wikipedia.org/wiki/Santa_Fe_Institute.
u In Next Generation Manufacturing: Methods and Techniques (Jordan & Michael 

2000) manufacturing consortium projects using Holonics (http://www.cam-
i.org/ngms) as part of the Intelligent Manufacturing System is described. 

v European Commission: http://ec.europa.eu/research/index.cfm.
w Kiel 1994 provides an overview of the concepts of chaos theory and the science 

of complexity and demonstrates how public administrators can apply these 
concepts and create a new paradigm of organizational change and transforma-
tion of government.

x Deming is known as the father of quality. Deming stressed the need for Pro-
found Knowledge, consisting of four parts 1) Appreciation of a system: under-
standing the overall processes involving suppliers, producers, and customers 
(or recipients) of goods and services, 2) Knowledge of variation: the range and 
causes of variation in quality, and use of statistical sampling in measurements, 
3) Theory of knowledge: the concepts explaining knowledge and the limits 
of what can be known, and 4) Knowledge of psychology: concepts of human 
nature. Deming cycle provides a prescriptive process for applying this in the 
Plan, Do, Study, Act. 

y SysML: http://www.sysmlforum.com/FAQ.htm, expresses systems engineering 
semantics for requirements management and performance analysis and facili-
tates automated verification and validation (V&V) and gap analysis. SysML 
model management constructs support the specification of models, views, and 
viewpoints and are architecturally aligned with IEEE-Std-1471-2000 (IEEE 
Recommended Practice for Architectural Description of Software-Intensive 
Systems). 

z A learning object has been defined in the following ways. An entity, digital or 
non-digital, that may be used for learning, education or training, web-based 
interactive chunks of e-learning designed to explain a stand-alone learning 
objective. More at http://en.wikipedia.org/wiki/Learning_object

aa And hence we have not included many specialized journal references that 
address very limited aspects of the solution.


