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Abstract

Large organisations acknowledge and agree that the application of the concept of architecture has the potential of maturing their Information Technology/Information System (IT/IS) development capabilities. However, this undocumented consensus seems to evaporate when it comes for the organisations to agree on the answer to the question “What does architecture mean in the IT/IS context?” In another word, organisations agree on the importance of architecture, but differ on its meaning and face difficulties in full scale use of the concept.

This paper attempts, firstly; to unify the understanding of the concept of architecture in certain development contexts within organisations, and secondly; to develop best practice discipline which will improve development capability in IT/IS. The paper highlights the factors organisations should follow, and the factors they should avoid when developing and implementing architecture concepts. Finally, the paper describes the roles of architecture in developing and evolving IT/IS capability in large organisations.

1. Introduction

During the last decade, large organisations have come to realize that their information systems are sick and in need of revitalization. Their realization is backed up by the fact that organisations use the traditional process for acquiring and changing information systems, which is considered inadequate, unrealistic and unfit to resolve the increased complexities of the problems and the challenges of the 90s and beyond. Results from thorough examination of past experience and legacy systems, consistently show that large organisations suffer from a common set of symptoms, which include;

· System acquisition cycle is long

· System integration and interoperability are problematic

· System delivery is unpredictable

· System quality is not assured

· System investment is not protected 

· System stakeholders are dissatisfied

· System development and maintenance costs are high and uncontrolled

· System availability is low

· System documentation is non existent
The symptoms outlined above provided and continue to provide Information Technology/Information System (IT/IS) practitioners and researchers with a mission in search of a long-term cure. There was no shortage of volunteers who undertook this challenge, and some are still and will continue to search and research for a permanent cure. Some of the noticeable and recognizable work done so far on this mission, which are all based on the same concept ( architecture, are reported [1, 4, 5, 6, 8].

In all of the above four works, the concept of architecture is considered to constitute the central core of a cure for acquiring and changing (IS) that could be free of the symptoms mentioned above, and most importantly forms the foundation for maturing organisation’s development capability in IT/IS.

This paper provides a brief overview of a number of definitions of architecture. Inspired by the IEEE’s Entity-Relationship-based description of architecture [9], the paper uses it as valuable input to analyse the context of architecture practice, then proposes a comprehensive definition according to three critical roles that architecture can play in different development scenarios. The objective here is to make the definition more comprehensive linking IS in an organisation to its IT development capability. 

With the proposed definition in mind, the paper identifies and presents what factors should and should not be followed when developing and implementing the concept of architecture. Finally, the paper compares different cases of architecture practices that have been suggested to the community, and proposes a recommended architecture practice for large organisations. 

2. What do architecture definitions tell us? 

In the context of IT/IS, there is no shortage of definitions produced so far on architecture. The abundance of these definitions, which seem to lack commonality, contributes to the existing state of confusion, within and among organisations, on its meaning, and may also contribute to possible erosion of its importance. There is no doubt, new definitions will emerge and existing ones will evolve as the focus on architecture will intensify by IT/IS practitioners and researchers in an effort to unlock the mystery of architecture. 

The definitions listed below prove the importance, attention, effort and confusion generated by the promising concept called “architecture”:

John Zachman’s Definition [4]
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 (quality) as well as maintained over the period of its useful life (change).

Microsoft’s Definition [5]  

Architecture is a general term referring to the structure of all or part of a computer system. Also covers the design of system software, such as the operating system, as well as referring to the combination of hardware and basic software that links machines on a computer network.

Software Engineering Institute’s (SEI) Definition [6] 

An architecture is a description of system structures, of which there are several (data flow, modular, process and so on). Architecture is the first artifact that can be analyzed to determine how well its quality attributes are being achieved, and it also serves as the project blueprint. An architecture is also a description of the relationships among components and connectors. These are the things we mean when we use the word Architecture.   

C4ISR’s Definition [1] (Computer, Communications, Command and Control Intelligence, Surveillance and Reconnaissance)  

An architecture is “the structure of components, their relationships, and the principles and guidelines governing their design and evolution over time.” 

Object Ideas Corporation’s Definition [7]

Architecture is a formal plan that guides aspects of business process automation that includes, but not limited to; processes that are ideal for automation, designs that guides development, standards, etc …

Martin’s Definition [6]
In its simplest form architecture is the planning and design work performed prior to the selection of an implementation technology. "Architecture involves deciding on patterns which systems will exhibit without restricting those decisions specific technologies or specific business processes." (Martin, 1994c, p29).

As said earlier, organisations seem to agree on the importance of Architecture but not on its definition as demonstrated in the above listed definitions. Despite the absence of an acceptable definition among oragnisations, that should not stop individual organisations from forming their own definition that is acceptable across the organisation. An organisation can not fruitfully exploit the concept of architecture if the organisation as a whole can not agree on its definition. In other words, achieving an acceptable and proper definition of “architecture” is the first critical issue faced by a large organisation in its architecture practice. 

IEEE’s E-R Description on Architecture

The few definitions provided above are just a sample of what represents a serious attempt by the professional community to define architecture. By studying these definitions, one can not escape how much they vary in definition, and diverge in meaning. These definitions will become even more confusing when other terms are associated with Architecture such as; Enterprise Architecture, Software Architecture, Systems Architecture, Operational Architecture, Technical Architecture, etc… These variations lead to confusion and prevent common understanding from being achieved. 

The need for defining or describing architecture as an entity/concept is becoming essential to eliminate confusion and to establish common understanding at all levels. Since 1995, IEEE has been working on architecture through its Architecture Planning Group (APG), and Architecture Working Group (AWG). They have decided that architecture is an emerging concern in Software System Engineering (SSE) and should therefore be reflected in the IEEE suite of SSE standards. 

To simplify the description and communication of their proposed recommended practice of architectural description, IEEE produced an Entity Relationship Model (ERM) [8]. This model is shown in Figure 1., where a system is “a collection of components organised to accomplish a specific function or set of functions”[IEEE610.12]. For the purposes of this standard, the term “system” encompasses individual applications, systems in the traditional sense, systems of systems, product lines, product families, whole enterprise, and other aggregations of interests. This description does not use terms such as “functional architecture”, “data architecture”, “technical architecture”, and so forth, as are frequently used informally today, instead of using the notions of view and viewpoint for expression of special perspective of system features. 

Architecture is the reference of a system that relevant stakeholders use to facilitate the communication of knowledge during the development process and throughout the life of the organisation-system relationship. Stakeholders’ concerns about a system can be properly described through introducing specific views into the architecture. 

The E-R generic description provides an insight into the nature of architecture practice. The reality of the practice, however, is still difficult to fully exploit in a proper context. The complexity of architecture practice is caused by the fact that architecture does serve multiple purposes for different stakeholders through use of different views; and relationships between systems or a system and systems of systems are not defined completely, in particular during the evolutionary development process. 

3. Context Analysis of Architecture Practice 

Architecture issues typically arise in three different development scenarios of IT practice as shown in Figure 2.  These scenarios show why architecture is an over-utilised term and complicated to large organisations in particular in the context of evolutionary development of Systems Of Systems (SOS).

Traditional software development approaches address issues for single and stand-alone system development. These approaches have been challenged because an organisation faces other two development scenarios. First, the organisation needs much more inter-project support because the development of SOS is evolutionary in nature. Apart from traditional engineering disciplines used by vendors, the organisation also needs methodological support for evolutionary acquisition of SOS throughout its lifetime. Secondly, again because of lack of methodological support, organisations are facing serious problems in managing, maintaining and evolving their valuable assets of knowledge about systems.

Architecture has been recognised and highly recommended as a useful concept and tool to improve IT practice. Since organisations may experience different situations or scenarios of IS development, architecture issues faced by organisations can be quite different. 

We classify architecture-related R&D activities into three sectors according to the features of their outcomes, which are architecture approaches, descriptive representations and development supporting environments, as shown in Figure 3.  Strategically, large organisations need to make decisions or find solutions to: 

· Selection of architectural approaches;

· Coordination among architectural approaches if more than one is used;

· Coordination among processes that generate architectures;

· Management of architecture products generated in different processes through using different approaches; and

· Strategic directions of architecture practice.

Architecture practice within a large organisation is complicated. To be successful in practice, the organisation needs to make the right decisions about:

· How architecture products should be developed?

· How the products can be used, managed, maintained and reused successfully?

· Which supporting elements should be developed?

· How can these elements evolve coherently along with changes in both business and technology?
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Figure 1.  Architectural Description Entity Relational Model

Outcomes of architecture practice are architecture products and relevant supporting elements. The real value of the architecture outcomes lie in their use as validated knowledge in supporting IT practice.  It is observed that most organisations started their architecture practice based on one of a few elements in the sectors shown in Figure 3. and then tried to extend to broader areas. The broader the practice, the more confusion arises. Much of the confusion can be attributed to a lack of context exploitation and investigation in architecture practice. 

4. A Proposed Comprehensive Definition of Architecture 

Based on the context analysis for architecture practice, given in the previous section, a proposed comprehensive definition of architecture is derived from three critical roles of architecture, which are 

· A Picture of existing systems;

· A Blueprint of future systems; and

· A Roadmap about how to get there.

[image: image2.png]Moulds/Dictates By [Documents/Deseribes Architectural
Architecture - o
Requires *|__Description
g
g
o
g
2 §
[ H
: 2
Enviromment [ Influences System Req“imlf"’ms Mission
E
g g
£ 2
H
g
o
o
3
[R— Stakeholder  [SoIVeS
Reflects
H Gives rise
g Addresses * View
& Establishes Conventions for
g
S
- Conforms ‘Architectural
Viewpoint

Model





Figure 2. Different Coverage of Architecture Issues in Different Contexts

Architecture is knowledge with three distinct features:

· Architecture is an objective representation of  knowledge about the design and plan of systems - a Blueprint;

· Architecture is an objective representation of knowledge that facilitates the understanding of   systems - a Picture; and

· Architecture is an objective representation of knowledge that provides guidance and supporting  elements of practice - a Roadmap. 

The selection of architecture viewpoints is determined, firstly; by stakeholder interests that usually reflect their responsibilities in practice; secondly by the methodologies used.

In practice, the architecture as a blueprint of a new system is widely accepted and supported by both methodologies and tools. However, the architecture as the understanding of existing systems is not quite as clear and familiar to people, in particular in terms of the relationship and difference between  the understanding and the design and plan of the existing systems. The architecture as the guidance and supporting elements of practice have been understood and used quite differently from one organisation to another depending on the beliefs of practitioners. 

Differences between the types of architecture knowledge can be observed from the following aspects:

· Architecture business cycles (ABC)[3];

· Production process;

· Supporting roles in practice.
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Figure 3.  Architecture-related R&D Activities

Architecture as the knowledge about the design and plan for new systems is produced at an early stage of development for a particular system. It is mainly used by developers to successfully deliver satisfied products. Its ABC has a life span equivalent to the lifecycle of the development project. There is an expectation that the life cycle can be extended. In reality, however, it can be shown that such an extension often fails due to many causes, including incompleteness and incorrectness of the knowledge required for system evolution. Thus, this knowledge is basically system or project-oriented. It is relatively static and easily becomes invalid. To maintain the currency of the knowledge it is necessary to reengineer it after any change is made to the system. 

Architecture as the knowledge facilitating the understanding of systems is produced in a non-traditional development process, such as Domain Engineering, that is an ongoing activity throughout the life of the organisation rather than just a project. Consequently, its ABC is far beyond any project.  This type of knowledge is acquired through modification, refinement, integration and re-representation of architectures of design and plans of various systems through use of effective management and control mechanisms. Therefore, the knowledge is enterprise-based, evolvable and considered as a knowledge asset of the organisation. 

Architecture as guidance and supporting elements for developing new systems within an organisational environment is highly desirable. Typical products of this architecture are enterprise architecture frameworks [4], the Technical Architecture Framework [12] and Information Technology Architecture [10]. The knowledge captured by such an architecture or relevant elements is not about detailed information of any application systems. Like the architecture as the understanding of systems, this knowledge is also enterprise-based and constantly evolves throughout the lifetime of the organisation. It provides an environment framework to guide new systems development according to certain defined standards and rules. 

5. Case Analysis of Architecture Practice

Using the proposed definition of architecture, we briefly examine some of the prominent architecture practices reported in the literature. The examination is based on the three aspects mentioned before, that is: 

· Architecture business cycles (ABC)[3];

· Production process;

· Supporting roles in practice.

Software engineering or vendor-solution based practice

Architecture practice based on either traditional software engineering techniques or vendor dependent solutions or technology dependent solutions have been widely used in standalone and single system development. For large organisations, this kind of practice can only address certain project or system related architecture issues although it can produce various architectures for different systems. Generally speaking, this practice provides only short-term solutions for organisations.

Information Technology Architecture (ITA) based practice

ITA is vendor-solution independent and provides an organisation with guidance and knowledge about its IT environment through developing enterprise-wide architecture products, such as a data architecture, an application architecture and a technical architecture. Comparing ITA with the proposed comprehensive definition of architecture, introduced earlier in this paper, people can notice the limitation of such a practice in provision of sufficient and updated knowledge about individual systems.

Enterprise framework based practice

Examples of this practice are the Microsoft Solution Framework and the Zachman Framework for Enterprise Architecture. These framework-based approaches usually define a set of architecture views that have a broader coverage than ITA. Through use of these defined architecture views, an organisation is expected to be able to effectively monitor, control and manage its IT practice. However, the processes of architecture or knowledge construction are not well defined in the frameworks. In addition, there is no guidance on coordination with other architectural approaches used and management of architecture products which are defined by frameworks. 

Product Line Practice (PLP)

PLP is a practice based on two important concepts, namely, Domain Engineering and Software Architecture. It successfully addresses some concerns in which other practices fail, including creation of a picture for existing systems and conduct of a specific process of knowledge (architecture) construction which differs from the process defined in traditional Software Engineering. 

US DoD’s practice

US DoD is possibly the largest organisation in the world where IT practice management and architecture issues are much more complicated than other organisations. In its sub-domains, there has been a lot of practice in architecture, which use some of the approaches mentioned above. An organisation-wide architectural approach has been sought with a great amount of effort committed into areas including almost all aspects of architecture plus many supporting elements [11-14]. Nevertheless, the rationale for a common approach is yet to be clearly developed, in particular the comprehensive and effective use of all architecture relevant products in a combined fashion.

Recommended practice

One of the key factors determining which architecture practice an organisation should undertake is the expectation on its development capability in IT. Requirements on the development capability in IT vary from one organisation to another. The main reason for US DoD to decide on developing its own approach is because its requirements in the development capability in IT cannot be met by any  existing architecture practices. 

Figure 4., illustrates the context of architecture practice recommended for use in large organisations. In brief, this practice can be explained as follows:

· The architecture-based development environment should consist of two main parts: 

· Enterprise Architecture Repository. The repository will include products which will         constitute knowledge about existing systems described in a uniform and standard format to ease accessibility and understandability and to provide consistency across the enterprise. 

· Enterprise Supporting Elements – the elements here cover the viewpoints such as; enterprise data, enterprise information, enterprise applications, enterprise technology, etc… 

The planning and development of this environment should be carried out based on the requirements for the development capability in IT in the organisation. 

· The population of the architecture-based development environment will require gradual and well co-ordinated processes, and its success will depend entirely on identifying and understanding the requirements for the development capability in IT/IS. 

· There will be two continuous architecture construction processes in the recommended practice. The design of these processes will be a task for each organisation depending on the existing situation of practice, its understanding and expectation of the IT development capability, and the methodologies available. The architecture-based development environment bridges these two processes. 

· The architecture of existing systems will be converted into knowledge and placed in the enterprise architecture repository through conduct of the enterprise architecture construction process. This knowledge will facilitate the understanding of the current picture about existing systems. Existing systems during their life cycle may go through changes ranging from minor to complex. If these changes result in the need for updating the knowledge in the architecture based development environment, then the process will need to be used again to either add new knowledge or update existing knowledge.

· With the architecture-based development environment in place, new systems can be developed starting with the use of the system architecture construction process as shown in Fig. 4. This process will use the architecture-based development environment as its main input or resources of knowledge to construct the architecture ( a blueprint for the new system.  
· The architecture as “the blueprint of a new system” or “the picture of existing system” does not only demand an effective architecture–based practice but also should act as a roadmap for its development.
· After the implementation of the newly built system, the system status will change and become an existing system. 

· The recommended practice will provide an effective environment for construction, use and reuse, dissemination and protection of organisation capital knowledge across the enterprise.

Planning and guiding architecture practice are complex tasks and will be addressed in detail in a separate paper being developed [15]. 

6. Critical Success and failure Factors in Developing and Implementing Architecture

In developing and implementing architectures, the critical success factors that an organisation should adhere to, include, but not limited to:

· Commitment by senior management to ensure consensus on the definition of architecture, and to communicate the definition and importance of architecture across all levels of the organisation.

· Identify and classify Information System stakeholders and their concerns.

· Implementing the architecture must be the responsibility of the organisation. Vendors should not be left to drive the architecture development and implementation.  

· Development of the architecture must be strategic in approach, and its implementation must be gradual and incremental. 

· Establish a group to develop and support an architecture-based development environment in the organisation. This environment must cater for the concerns and requirements of existing and future stakeholders. The group must ensure that reactive and proactive activities take place so that business changes can lead to implementation of new technology, and technology changes can lead to implementation of improved business.  

· Establish group/s to develop and support  system/enterprise architecture construction processes in the organisation. The system architecture construction process imports knowledge from the architecture–based development environment, while the enterprise architecture construction process exports knowledge to that environment. 

In developing and implementing an architecture, the critical failure factors that an organisation should avoid, include, but not limited to:

· Lack of commitment by senior management to ensure and communicate consensus on the definition and importance of Architecture. 

· Information System stakeholders and their concerns are not adequately identified and classified.

· The responsibility for developing and implementing an architecture is left to vendors. 

· The development of an architecture is a short term in approach, and its implementation is a big bang in execution. 

· Lack of coordination in developing and supporting architecture–based development environment in the organisation. 

· Lack of coordination in developing and supporting system/enterprise architecture construction processes in the organisation. 
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Figure 4 – Context of the Recommended Architecture Practice

7. Conclusion 

The analysis given in this paper addresses some of the important questions that need to be addressed on the road to strengthening our development capability in IT. Some of the questions, which should be addressed in a strategic study on architecture for the organisation are:

· Who are our stakeholders and how can we classify them?

· What are the business and technological concerns of our stakeholders?

· What views and formats need to be constructed for an enterprise architecture repository?

· How to streamline/develop an adapting and accommodating system/enterprise architecture construction processes?

The conclusion here is that architecture practice within a large organisation needs to be examined. Strategies and vision are important. To have healthy architecture practice is to have healthy development capability in IT/IS. Dealing with an architecture is complicated and difficult for large organisations. However, it is only an architecture or well-organised architecture practice that can ensure successful IT practice in the long term.
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