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In the architecture, engineering and construction industries, computer usage can cover the
whole lifecycle of a product from presentation of initial concepts to the final stages of
production and can also extend to maintenance issues. Although architecture enjoys an
enormous and ever increasing attention, it is not always correctly understood and applied.
One of the most ambiguous words in the initial understanding of Information Architecture
is that of the Framework. An Architecture Framework provides tools and methods that can
bring the task into focus and allow valuable artifacts to be produced when they are most
needed. Architecture Frameworks are commonly used in Information technology and
Information system governance. So This paper initially reports on making a clear view about
undersatanding the meaning of architectur and its rules from the vision of Integrated
Architecture, also an architecture framwork and how to make an Integrated Architecture

Framework (IAF). )
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1. Introduction

The challenges of the knowledge society
cannot be met without getting at the contents
of the vast volume of digital information.
Given today’s fast pace of technological
evolutions and diversity of computing
platforms (both hardware and software),
building applications which can work in such
a wide range of systems is becoming more and
more challenging. Moreover, even on a specific
platform, the execution context and available
resources tend to vary a lot at runtime.

Most complex decisions involve many data,
human, and technological sources
collaborating to support decision makers.
However, when responsibility for task
accomplishment moves from the province of
one person to a multitude of natural and
artificial intelligences, the system changes
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quantitatively and qualitatively. Quantita-
tively, the system is more complex and
dynamic. This complexity increases further as
the constituent intelligences are separated in
time. Qualitatively, the system exhibits
properties that were not evident when a lone
individual is working on a set of tasks.
Experiences made with massively-parallel
computers show a high discrepancy between
peak and sustained performance for many
applications in computional science. This is
often a consequence of the fact that parts of
the application are not well suited for the
architecture they execute on. With increasing
size and complexity of the implementations of
information systems, it is necessary to use
some logical construct (or architecture) for
defining and controlling the interfaces and the
integration of all of the components of the
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system according to the clear understanding
of architecture and its rules.

So, this paper defines architecture and
engineering, then by analogy Integrated Archi-
tecture. Also, some preliminary conclusions
about Integrated Architecture Framework
(IAF) and its fundamental principles that can
make architects benefits from it.

2. Designing and engineering

Before defining architecture, the terms
‘designing’ and °‘engineering’ must be made
clear. The clarification of the term ‘designing'
is needed for making a distinction between the
design and the architecture of a system. All
these terms refer to how systems are
constructed. According to [1], two different
system notions exist: the teleological and the
ontological system notion. The teleological
system notion is about the function and the
(external) behavior of a system. This notion
can be visualized with a black-box model. The
teleological system notion is adequate for the
purpose of using or controlling a system. The
ontological system notion, on the other side,
can be used for building or changing a
system. It is about the construction and
operation of a system and can be modeled
with a white-box model, fig. 1.

Both the teleological and the ontological
system notion are relevant for designing a
system, [1]. In other words: both the
functional and the constructional perspective
of a system are relevant. In software, the
terms functional design and technical design
are often used to refer to these perspectives.
How to make these designs is described in a
so-called software development process. Such

using function
system
construction design
using system
(US) analysis

object

system
function

design

a process also shows the connection between
the different models. A lot of such software
development processes exist in literature. All
of them have their own advantages and
disadvantages. However, commonalities exist
in these processes. As the name already states
this process is not only suitable for software
development but it holds for each system you
want to design.

So the designing of a system essentially
consist of two things: [2].
- Determining the (functional) requirements
- Devising the (constructional) specifications

When the design of a system is completed,
the system can be engineered. If the design
processed by the system design process is
specified as an ontology [2], the process of
engineering a system is like the one shown in
figure 2. An ontology model of a system is fully
independent of the implementation, it only
shows the essential features. Good examples
of such ontology's are the SMART model for
system development and the DEMO (Design
and Engineering Methodology for
Organizations) approach to enterprise
ontology (considering enterprises also as a
system), [3].

3. What is architecture?

Architecture is that set of design artifacts,
or descriptive representations, that are
relevant for describing an object, such that it
can be produced to requirements as well as
maintained over the period of its useful life.
Another definition which looks like the
previous one reads like:

construction object
system
design construction
object system
synthesis (0S)

Fig. 1. The generic system design process, [1] .

344 Alexandria Engineering Journal, Vol. 48, No. 3, May 2009



A.S.Y. Mohamed, D.A.A. El.Melegy/ Towards an integrated architecture framwork

system
construction

ontology

engineering

reverse engineering

implem-
entation

technology

Fig. 2. The process of engineering a system, [1].

An architecture is the set of significant
decisions about the organization of a software
system, the selection of the structural
elements and their interfaces by which the
system is composed, together with their
behavior as specified in the collaborations
among those elements, the composition of
these structural and behavioral elements into
progressively larger subsystems, and the
architectural style that guides this
organization, these elements and their
interfaces, their collaborations, and their
composition, [4].

A representation of a defined domain in
terms of its component parts, what these
parts do, how the parts relate to each other,
and the rules and constraints under which the
parts function, [5]. So, the architecture
description process can be explained [6]:

e In general, the design freedom of designers
is undesirably large. The idea of architecture
is to take advantage of this. Therefore,

architecture is defined as normative
restriction of design freedom, fig. 3.
e This idea of consciously applying

normative restriction of design freedom is the
really new thing. It makes architecture a
prescriptive notion; any descriptive
interpretation is cogently rejected.

e This notion of architecture is in contrast
with the one that is used in the construction
of buildings. There, architecture is hardly
distinguished from design.

e Practically, architecture is a consistent
and coherent set of design principles that
embody general requirements. Applying a
design principle satisfies one or more general
requirements.

Many other definitions can be found saying
the same in other words. As in all three of the
given definitions architecture is defined as the
description of a system. These definitions of
architecture look like what is called ontology
in the previous part of this paper. When
adopting this definition the difference between
design (expressed in an ontology model [7],
and architecture does no longer exist. So, why
introducing the term architecture if the term
design already is known? According to [8], the
given definitions can be referred to as the
descriptive notion of architecture.

Theoretically, architecture is the normative
restriction of design freedom. Practically,
architecture is a consistent and coherent set
of design principles. Combining this definition
of architecture with the given definitions of
design and engineering, architecture can be
visualized as shown in fig. 4.

®©

Determine the
intended use of
the architecture

AN

Determine

Determine Determine N Build the Use architecture
scope of characteristics views and requisite for the intended
architecture to be captured prg:l;iﬁtto products purpose

Fig. 3.The architecture description process [6].
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Fig 4. The generic system development process, [1].

4. Architecture and engineering a dynamic
Tension [6]

Architecture: The structure of components,
their relationships, and the principles and
guidelines governing their design and
evolution over time.

The architect: he articulates through the
design the vision of the operator.

System: A set of interacting components in
which the behavior of each component affects
the behavior of the whole set.

Systems Engineering: The design,
production, and maintenance of trustworthy
systems within cost and time constraints.

An interdisciplinary process that ensures
that a customer’s needs are satisfied
throughout a system’s entire life-cycle.

The system engineer: it implements a
system that conforms to the architecture
within cost and time constraints.

5. The rules of architecture
In the development of a house, building or

the like we can always identify the following
main steps: [9], fig. 5.

e A discovery process to identify the needs
and requirements in the context of a certain
situation.

e A design process which leads to a design
of the object in the form of drawings and/or
models.

e A transformation process to plan the
realisation of the object in its environment.

e A construction process that regards the
realisation of the actual object based on the
design and realisation plan.

The principles, guidelines and rules
identified in the discovery phase are used in
both design, transformation and construction
process. As such, the architecture impacts all
processes [10].

The architecture constraints the freedom
of the designer and constructor of the object
and guides them towards a structure that
complies with the business vision and
concepts of the architecture. The architecture
serves as a prescription for the design,
transformation and construction of the object.
As a result the object will be recognised as
being 'designed
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Fig. 5. The architecture impacts all processes, [9].

and constructed under architecture'. The
object will inherit the added value of the
architecture and will support the (cultural)
values, goals and objectives of the
organisation. The described  role of
architecture originates from the building
industry. In prescribing the structure,
function and style of a building the
architecture defines principles, guidelines and
rules for [11]:
e The type of components of which the
building may be composed,;
e How these components must fit together;
e What assemblies of the components are
allowed,;
e What functions (usage, living, and
working) do the components and component
assemblies support;
e And how the style represents the values of
the owner.

The prescription concerns the overall
architecture as well as the design models and
the actual construction of the building.

6. Integrated architecture

It has long been recognized that
“architecture” has a strong influence over the
life cycle of a system. In the past, hardware-
related architectural aspects were dominant,
whereas softwarerelated architectural
integrity, when it existed, was often first to be
sacrificed in the course of system develop-
ment. Today, software-intensive systems are
pervasive. The cost of software development
and the increasing complexity of software
systems have changed the relative balance.

Software technology is maturing rapidly. The
practice of system development can benefit
greatly from adherence to architectural
precepts.

However, the concepts of architecture have
not been consistently defined and applied
within the life cycle of software-intensive
systems. Despite significant industrial and
research activity in this area, there is no
single, accepted framework for codifying
architectural thinking, and thereby facilitating
the common application and evolution of
available and emerging architectural
practices.

SO Integrated architectures definition: An
architecture consisting of multiple, Views :

(operational, systems, and technical
standards) that facilitate integration and
promote interoperability across family-of-

systems (FoS), system-of-systems (SoS) and
compatibility among related mission area
architectures [9].

Integrated architectures provide a logical,
structured approach for defining how forces
operate, the associated information flow, the
relation between that information flow and
system capabilities, and the relation between
system capabilities and technical standards.

7. What is an architecture framework?

How are architectures created? Which
things should be taken into account when
devising a list of design principles? It is smart
to have a structured checklist of issues when
doing this. Such a structured checklist is
called an Architecture Framework [12]. The
term Architecture framework is used very
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widely, sometimes it refers to a ‘real
framework as just defined, but it also refers a
lot of times to some kind of design
methodologies. Giving an overview of different
definitions of the term  ‘architecture
framework' is not helpful, because most of
them are based on another notion of
architecture.

One of the most ambiguous words in the
initial understanding of Information
Architecture is that of the Framework. The
Framework is a generic categorization method
for architecture design artifacts. As a support
for devising architectures, it is convenient to
have a structured checklist of issues that
must be paid attention to or that must be
taken into account. Such a structured
checklist is called an architecture framework.
o  What it consists of
— Common definitions, products, data, and
references.

e What it does

— Provides guidance on how to describe
architectures.

— Provides a generic problem space and a
common vocabulary within which individuals
can cooperate to solve a specific problem.

— Provides the rules, guidance, and product
descriptions for developing and presenting
architecture descriptions that ensure a
common denominator for understanding,
comparing, and integrating architectures:

— Can be leveraged to provide at least a
starter set of issues and concerns that must
be addressed in architecture development.

e What it does not do

— Provide guidance on how to design or
implement a specific architectur.

— Provide guidance on how to develop or
acquire systems.

Any good categorization method achieves
these goals:

1. Simplify information for understanding and
communication.

2. Clearly focus on independent components
for analytical purposes.

3. Provide and maintain a disciplined method
of depicting relationshipsbetween the

domains.

A Framework is a set of approaches,
components, configurations,models, services,
standards and principles that can guide you

in your documentation adventure of a
particular view of an architecture.

e An object type determines a class of
objects for which an AF is meant. Examples:
churches, computer networks, organizations.

e Domains are distinctions that are inherent
to the object type(s) due to the (possibly
unwittingly) applied paradigm. Ideally,
domains are independent of each other.
Examples: function and construction.

e The general requirements, put in by the
stakeholders, are grouped in distinct areas of
concern. Examples: security and
maintainability.

7.1. Benefit from using a framework to guide
design?

A framework does several things:
e it makes it easier to work with complex

technologies.

e it ties together a bunch of discrete
objects/components into something more
useful.

e it forces the team (or just me) to

implement code in a way that promotes
consistent coding, fewer bugs, and more
flexible applications.

e everyone can easily test and debug the
code, even code that they did not write.

While there are many benefits in using a
framework to guide the development efforts of
an architecture, there are two that are
moreelementary and prevalent than others:
Guidance and Communication. The
framework is a guidance tool which is used to
ensure that each architecture domain is
adequately reviewed and documented, and
can most easily be compared in context to the
other domains or views. It guides both the
method and approach to completing an
architecture,and enables all stakeholders to
see a consistent and complete picture when
reviewing an architecture. The framework can
be used as the primary communication vehicle
between architects, the project team,
stakeholders and IT technical staff. It can be
used to show what you've planned, and how
you will achieve flexibility in the future. Other
benefits that you may expect from using a
framework, is the provision of a generic space
and structure for a very complex and varying
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problem. It can include a starter set of
principles, issues and concerns. It can provide
guidance on which sets of diagrams and
models to include. Think of it as a
"placeholders” map to what would make a
complete architecture. It is also known as a
set of views of an organization and its
Business and IT Resources and assets, fig. 6.

7.2. What framework choices are available?

Frameworks are special components that
act as base for the structuring and assembly
of components in more complex constructions.
The wuse of architecture will not only has
consequences for the design and
constructions content but will also impact the
design and construction process.

The most important consequences are that:

e An architect prepares a design that
provides a clear picture of the style,
construction and the structure of the resulting
business and IT system.
e The organization reviews the design for
reflecting the style elements, usability and
functionality and the developers assess the
feasibility of the design and also the risks and
costs of realisation. This may cause changes
in the design.

e The organization accepts the final design,
which meets their expectations regarding
style, usability, functionality and costs of
realisation.

e The architect defines the impact of change
and realisation in a transformation plan.

e The developers realise the change in
conformance to the final design.

The use of components and frameworks
both in the design and construction of and
Information Technology (IT) system will
considerably reduce the effort of designing and
building new and IT systems.

There are numerous frameworks available
to be used, but they are primarily categorized
by domain. They are typically designed for
government, or non-government (private
organization). Some are strategically oriented
and some are focused on organizing the
evolution of the architecture. An organization
can choose to adopt an existing architecture
framework or to build a custom framework. In
either case, it is rarely necessary to start from
scratch, and the primary focus should be on
the stakeholders and the domains you wish to
capture. Try to keep in mind that the primary
goal here, is 'Communicate that architecture!’
If you choose to adopt an architecture,
consider visualizing what kind of data and

Operational
View

Identifies Warfighter
Relationships and Information Needs

Specific Capabilities

Systems Tdentificd to Satisfy A Technical
J Information-Exchange View
View Levels and Other
Operational Requirements
Relates Capabilities and Characteristics . - . Prescribes Standards and
=H o Technical Cntena Governing —
to Operational Requirements Intor lc Implementation/ Conventions

P t of the Selected
System Capabilitics

Fig. 6. Linkages among views, the three views of the architectural framework and the interrelationship
between architecture views, [6].
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models you will use to populate it. Ask
yourself 'what is important to my
organization?', and 'how have we organized
our departments and business in the past?'
Many frameworks are used for a particular
type of community, so try to pick the one that
is most similar to yours. Enquire with peer
organizations as to which type of framework
they have wused. There is value in
understanding and using more than one, so
pick the one that is the closest, and adapt it
by selecting one or more components you
would need to close the gaps between the one
you select and what you need for your
organization. Customize it to suit your culture
and technical vocabularies for the ultimate in
success [13].

7.3. what follows your framework choice?

After a framework has been selected,
evaluate its wuse within your business
environment. Review the goals and objectives
in using such a framework, and see if what
you picked will work. After treading through a
few examples, list the lessons you may have
learned and refine what you've selected.

8. The value of architecture

Architecture is capable of delivering value
to the business in many ways, through
reduced cost and increased
value/competitiveness. It is important that
architecture clearly delivers value to a
business, not be seen as purely an academic
exercise [14]. Architecture must be able to
demonstrate two key attributes:

e Architectures should be demonstrably
linked to the business goals and vision.

e Architectures should provide decision
support.

e Architecture should be capable of being
applied to different scenarios (Enterprise,
Solution, Technical, etc).

Some of the specific benefits delivered
from an architectural approach can be readily
quantified whilst others have a more
subjective value: fig. 7.

e Reduced project risk and complexity by
reducing project over-runs (both in terms of
cost and time) through a better understanding
of the solution context and potential problems
before the build phase starts [15].

e Improved project success demonstrated by
the quality of a solution and its fit into a
strategic view of the business as well as the
delivery on-time and within budget [16].

e Greater cost control and improved ROI by
ensuring the often departmentally focused
projects understand what is available for
reuse, and make use of this where appropriate
(and understand the long-term costs of not).

e Reduced costs for business as usual by
better managing operational costs through the
consideration of Governance as part of the
overall architecture and not, as is often the
case, an afterthought.

e Facilitate delivery of IT strategy and better
business/IT alignment: through the
governance model for solution development
and portfolio management that an Enterprise
Architecture can bring.

e Increased agility and competitiveness: with
IT becoming an enabler and partner with the
business and not just a cost and constraint on
it.

9. Integrated Architecture Framework (IAF)

The Integrated Architecture Framework
(IAF) is used to structure and define the
architecture content. The framework [17]:

e Provides a model for architecture
development and usage.

e Describes the format and content of
elements of the architecture.

e Specifies the way in which these elements
relate to each other.

Fig. 8 shows the basic structure of IAF.
The model is broken down into Aspect Areas
and Abstraction Levels. Each “cell” in this
model has a defined set Artifacts [18]. Views
then allow the architects to bring together and
visualize the artifacts to help in modeling the
architecture and to communicate the
architecture with the various stakeholders.
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Fig. 7. The value of architecture [17].
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Fig. 8. The integrated architecture framework [17].

Within this framework, IAF describes the
architecture using two basic constructs. The
first, Artifacts, fundamentally describe the
architecture elements. Artifacts belong to, and
are derived within, specific areas in the
architecture framework. The second, Views,
are used for both analyzing and presenting the
architecture from different perspectives and
for documenting the relationships between
Artifacts. Views show why the architecture is
what it is, providing both traceability for, and

the justification of decisions that have been
made in the development of the architecture.
Principles and Characteristics of IAF [17].
In IA framework based on
requirements and fundamental principles:
Value focused: The approach must be focused
on delivering value to our clients.
Traceable to business: The architecture and
any decisions made as part of the architecture
must be clearly justified and traceable back to
the needs of the business.

key
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Levels of abstraction: Architecture structures
complex problems; the way to address this is
by using different levels of abstraction.

Holistic and integrated: The architecture
approach must integrate the full scope of
business and technology issues.

Different aspects: Architecture must support
different business issues and domains of
architecture.

Special focus: Developments in business and
technology require the capability to provide
special attention in specific areas.

Stable: The architecture approach requires a
stable content that is easy to hand-over and
easy to communicate.

Flexible: The approach must support
architecture work in projects and stand-alone
architectural services. The approach must not
contain a prescriptive methodology, but must
provide a stable platform for innovation.
Scalable: The approach must scale from
Solution to Enterprise level architecture.

Fast and efficient: The market demands the
architecture approach be a fast and efficient
as possible.

To  achieve these, the Integrated
Architecture Framework explicitly separates
Process from Content—the content is formally
described in the content framework whilst
process is incorporated in Engagament
Roadmaps, supported by  tools and
techniques.

10. Conclusions

e The following terms are now distinguished
and clearly defined: architecture framework,
architecting, architecture, designing, design,
ontology, engineering, implementation model,
implementing and system. An overview of all
these terms is given in fig. 4. This figure is
based on fig. 9, [19, 20].

e The presented framework XAF has a well-
defined scientific foundation (although not
completely presented here). Architectures
created within an xXAF can be verified and
validated.

e Important steps to take are:

- Assessment of the practicality of the XAF by
validating current frameworks in it.

- Design of a (formal) language for specifying
architectures.

Implementation System
model

Implementing

Architecture m" i

Framework

Architecting Engineering

Architecture | ﬁ = -
< 1y i i b

Designing = = ==

Design / Ontology

Fig. 9. Main activities in realizing a system, [3] .

- Development of an XAF/MS.

e The architecture framework is required to
be language independent and close to industry
standards, in particular to the Service
Component Architecture (SCA).

e Finally, having formalized the architecture
framework we want to spend effort in the
verification of components and as a long-term
objective in the development of tools for the
design and management of component-based
systems.

e The IAF, underpinned by the Architects
Learning program, the Architects Community,
provides the basis on which these
architectures are delivered. The Integrated
Architecture Framework is successfully
deployed in client organizations, as part of
their Architecture Capability, and offers these
advantages to the client organization.
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