
 
 

 

 
 
 
 

On Using Enterprise Modelling Methods for 
Building Enterprise Architecture 

Danial Araghi 

Ladan Sahebi 

 

 

MASTER THESIS 2013 

INFORMATICS 

 



Postadress:  Besöksadress:  Telefon:   
Box 1026  Gjuterigatan 5  036-10 10 00 (vx)  
551 11 Jönköping 
 

 

 
 
 
 
 
 

On Using Enterprise Modelling Methods for 
Building Enterprise Architecture 

 
Danial Araghi 

Ladan Sahebi 
 

Detta examensarbete är utfört vid Tekniska Högskolan i Jönköping inom 
ämnesområdet informatik. Arbetet är ett led i masterutbildningen med 
inriktning informationsteknik och management. Författarna svarar själva för 
framförda åsikter, slutsatser och resultat. 
 
Handledare: Julia Kaidalova 
Examinator: Vladimir Tarasov 
 
Omfattning: 30 hp (D-nivå) 
 
Datum: September 16, 2013 

 



Abstract 

i 

Abstract 

The most important characteristic of enterprise architecture (EA) is that, it provides a 
holistic view of the enterprise. EA needs to consider about different aspects, views 
and viewpoints in an enterprise in order to make an enterprise more understandable 
and communicable to achieve organization goals and objectives. To do this matter EA 
needs to use different techniques or enterprise modeling methods to achieve different 
results of EA (documents/artifacts, models, goals/benefits). But many organization for 
building EA, use their own description techniques and conventions instead of using 
existing techniques or existing EMMs. They might use one technique which is not 
appropriate for modeling all aspects of EA. Our purpose is to discover the usefulness 
of EMMs in the process of construction EA to provide expected results of EA. We 
investigated about different EMMs to see its usefulness in producing which expected 
EA result. In order to increase the accuracy of the final results we investigated about 
different EMMs with respect to important EA aspects. To perform this study we have 
gone through a survey to validate EA important aspects and essential results of EA. 
Results of our study conducted based on both using literature review for studying 
about the usefulness of different EMMs and the results of our survey (EA aspects and 
results of EA). The results of this research show that Business, Organization, 
Technical, Information and Decision Making are five important aspects of EA; 
different EMMs can be used to produce several results of EA. We used table to 
illustrate the results of the study for each EA aspect separately. Our analysis revealed 
that the Decision Making and Information aspects of EA could get more help from 
EMMs compare to the other aspects, since the main focus of some of these methods 
such as GERAM, GRAI and GIM are mainly accumulated in these two aspects.  
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1 Introduction 
In this thesis introduction, first we describe what is EA and when and why it is 
introduced, it continuous with discussing different EA frameworks, and then we 
introduce EM as a useful tool to deal with EA. In objective section we introduced the 
objective and purpose of our study, which allowed us to define and formulate the 
research question of the thesis. Furthermore we explained limitation and scope of this 
study, and at the end we explained the thesis outline. 

1.1 Background 
In the middle of nineties managers that were involved in planning of internal and 
external factors which had effect on an enterprise begun to use architecture term. The 
architecture term used to describe an overview of the business where it was possible 
to elaborate details of your business. For example, they used business process 
architecture term as high-level description of the most important business processes, 
which had the most influence on the company strategy [1].   
  
In the 1960, EA term began to be used in the development of information architecture. 
Walker developed architectural documents which organized the foundation for 
Business Systems Planning (BSP). John Zachman, one of Walker’s students had 
major impact in evaluation of BSP. He published an article in IBM System Journal 
which described a framework for Information System Architecture [2].  
 
Over the years, mangers found out the importance of coherence of business processes 
and linkage between strategic goals with business process goals. They understood the 
magnitude of the relation of these goals to IS application and database. All these 
reasons raised the popularity of Zachman Framework as a methodology to describe 
EA [3]. Schekkerman’s recent survey of CEOs and CIOs and other main executive in 
organizations showed that there is a growing movement of understanding the 
importance of EA in last few years. In this study of EA Development Institute shows 
that the importance of EA for CIOs and CEOs as a tool for achieving organization 
goals increased dramatically and near to the top of list of most important issues which 
needs to be considered by executives [4].  

EA is a comprehensive expression of an enterprise; a main plan and master 
disposition which act as “collaborative force“ between different dimension and 
aspects of business planning such as goals, different perspectives, direction and 
scopes of organization and governance values. The role of EA as collaborative force 
is not only for business planning in an organization, it can act as cooperative tools in 
other aspects of an organizations such as business operations, automations like 
information system and database, and also it helps us for enabling infrastructure of 
using technology [5]. 

EM can be considered as a related concept to EA by having the ability of representing 
all aspects that EA includes. EM describes EA from different perspectives in order to 
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allow specifying and implementing the systems [6]. Fox et al [7] defines EM as “a 
computational representation of the structure, activities, processes, information, 
resources, people, behaviour, goals, and constraints of a business, government, or 
other enterprise”. EM has elevated a significant concern in many disciplines in the 
recent last two decades [8].  
 
Using different EMMs can help in dealing with different information documentation, 
preparation and other related issues to building EA [9]. Jonkers et al [88] discussed 
about modelling problems in EA; “Unfortunately, so far no enterprise architecture 
description language exists that fully enables integrated enterprise modeling, because 
for each architectural domain, architects use their own modeling techniques and 
concepts, tool support, visualization techniques, etc.” Since EM is able to describe 
and specify the system in detail level based on computational representation of the 
structure, activities, organization processes and resources, it can act as a tool for 
providing structured information [6]. 
 
Apart from the method of different EA frameworks there are some common 
perspectives between them such as technical, business, organizational and etc. These 
perspectives derived from the main purpose of constructing EA for an organization 
[2]. Jonkers et al [88] discussed about the importance of different aspects or layers in 
EA; “In order to arrive at a coherent architectural description, several architecture 
domains and layers as well as their relations must be modeled. Depending on the type 
of enterprise and the maturity of its architecture practice, different architectural 
domains are distinguished, such as the product, business, information, and 
application domains”.  
 
In EM and EA areas several researches had done about comparison of different EA 
frameworks and also different EMMs. One of the considering issues is that some EA 
frameworks might define EM methods in some articles or vice versa, for example 
CIMOSA or GERAM considered as EA framework is some studies. However there is 
not enough literature and effort about EA and EMMs relations and there is no clear 
guideline to choose specific EMM for particular EA domain. In order to be able to use 
EM for building EA, it is important to know which EMM is more suitable for a 
particular EA aspect, and which documents and models provided by a particular 
EMM are more appropriate for EA framework to be used as primary information.  
 

1.2 Purpose/Objectives 
The purpose of our research is to discover the usefulness of different EMMs for 
producing appropriate models which help EA process to achieve desired and expected 
results of EA (documents/artifacts, models, goals/benefits) with respect to important 
EA aspects. In order to achieve this purpose we need to find out the most important 
EA aspects and essential results of EA, because first for explaining an enterprise clearly 
and completely must consider all aspects of it and then one way to investigate about the 
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usefulness of using EMMs in EA can be studying the results obtained by EA. We 
investigate about results of EA in order to show the usefulness of EMMs in helping 
EA to produce desired results of EA.  
 
EA is about understanding all different elements that go to make up the enterprise and 
how those elements interrelate in order to understand complexity and manage 
changes. In order to come up with these complexity EA use different techniques or 
modeling methods to express architecture.  Many organizations used their own 
description techniques and invention instead of using the existing modeling methods. 
Along with introducing EA field many methodologies came but, after a while they 
gone. We considered that there is no clear guideline for using different EMMs for 
building EA, there is not enough previous research about the usefulness of using 
EMMs in building EA, there is not much effort to know if using EMMs can lead to 
reach expected results of EA on the process of building EA and also to describe an 
enterprise completely and clearly from different point of view might need use of more 
than one EM methods. 
 
In order to achieve our goals following concepts need to be considered. Each EMM 
can focus on different aspects of the enterprise such as organization, application, and 
technical and etc. So, it is important to know which EMM is more suitable for a 
particular organization’s aspect, and which documents and models provided by a 
particular EMM are more appropriate for building EA. Different results of EA can be 
expected to produce by focusing on different aspects of an enterprise. The term 
“results of EA” used in the context of this research means all outcomes produced by 
enterprise architects as a result of their activities, supporting the goals, objectives, 
artifacts, documents and models. Based on the different aspects of EA for an 
organization several kinds of results can be produced by EA. Which results of EA can 
be produced by using specific EMM in the process of building EA?  
 

1.3 Research Question 
In this research we are going to answer following research question: 
 

• What are the essential results of EA and how EMMs can be used to create 
them? 

 

1.4 Limitations 
The scope of this study is investigating about EA frameworks and its different aspects 
as well as Enterprise Modeling Methods (EMMs), finding out EA and EM relation, 
exploring if the EM methods can be used as a supportive tool for EA considering to 
different aspects of EA frameworks. The EA frameworks which we use consist of 
ZACHMAN, TOGAF, FEA and TEAF also the EM methods are IDEF0, IDEF2, 
CIMOSA, GERAM, GRAI, UML and GIM. We are strongly motivated to achieve the 
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results on the basis of data received from IT companies familiar with EA concept by 
using surveys and questionnaire, during this research interviews will not be conducted 
with the company. In our study we don’t take those responds that are “not at all 
familiar” with EA. The terminology in the field of EA is not well-established and 
quite diverse, which complicates search across the literature. In this research we use 
reviewing the past literatures in addition to establishing a questionnaire to validate the 
aspects of EA. In this way we will use the universities library and Google scholar to 
search about the scholarly researches and scientific literature considering the new and 
novel version of papers within the scope of this research. We will send our 
questionnaire to the proper number of IT companies mostly in Sweden to get enough 
answers for validation.  
 

1.5 Thesis outline 
This thesis consist of five chapters, second chapter describes different EM methods 
definition and concepts as well as EA frameworks purpose and structure along with 
describing their differences, characteristics and challenges based on literature review 
and theoretical background. Third chapter consist of describing research methods 
accompanied by explaining data collection techniques and how we found the 
population along with evaluation of the survey. Fourth chapter consists of survey 
analysis and results of the work. Finally, sixth chapter draw discussion and conclusion 
of the result of the thesis and future study suggestion. 
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2 Theoretical Background 
This chapter includes the basic knowledge of the most popular and important EMMs 
and EA frameworks. We mainly focus on how these methods and frameworks works 
and describing their structure, so the reader can understand basic concepts and 
meaning of their methodologies. First, we will discuss most popular EMMs which 
follow by most important EA frameworks that perhaps 90 percent of the field are 
using one of these frameworks [10]. In the final part of this chapter we will discuss 
about the differences between mentioned EA frameworks and different classification of 
results of EA. 

 

2.1 Enterprise Modelling 
An enterprise model is a computational representation of the structure, activities, 
processes, information, resources, people, behaviour, goals of a business, government, 
or an enterprise. It can be both descriptive and definitional, covering as-is and to-be. 
The role of an enterprise model is to achieve model-driven enterprise design, analysis, 
and operation [7]. There are several definitions of Enterprise Modelling, Vernadat 
defines Enterprise Modelling as the process of building models of whole or part of an 
enterprise (e.g. process models, data models, resource models, new ontologies, etc.) 
[14].  

Over the last two decades the interest of using enterprise modelling considerably has 
increased [8]. In the last 30 years, the role of enterprise modelling in operation and 
design have raised until just few organization can operate without them [7]. Today, 
Enterprise Modelling is extensively utilized to describe all activities of modelling any 
relevant aspect of an organization’s structure. Experts in different disciplines feel the 
requisite to describe an enterprise according to agreed rules in order to be able to 
pursue specific goals through the modelling. However, the big thrust to Enterprise 
Modelling has come from the Information Technology. In fact, over the last decade 
the management information systems have turn out to be more important than ever as 
a result of the introduction and implementation of new methods in design, production 
and supply chain management [8].  

People working for supply chain organization as well as other shareholders need the 
right information about the whole organization and supply chain. So, today 
information and management information systems have become critical principles for 
running the project in an efficient and effective way in the organizations. Most 
companies have information systems but they just support their essential and central 
activities, and if companies develop, they need to update the infrastructure of 
information systems. In fact, when most companies grow, they experience problems 
in communication and coordination in the organization [8]. 
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 To deal with this growing difficulty, companies both undertake reengineering 
projects and implement new management information systems or update existing IT 
infrastructures. The reasons of this failure can be attributed to two main factors that 
often occur simultaneously; developing a system which is more technology driven 
rather than business driven [15], also inappropriate and unclear requirements for the 
IT system which results in a useless system. When these two factors occur at the same 
time, it causes user-designer communication gap that damages the successful capture 
of requirements and implementation of management information systems. Enterprise 
Modelling plays a major role in filling this communication gap [8]. 

Enterprise Modelling has purpose to have more holistic view of organizations and 
today, it is broadly used to describe all activities of modelling any relevant aspect of 
an organization’s structure and operation in order to improve or relocate selected parts 
of the organization. Over the last decade, typical applications of Enterprise Modelling 
were used in the fields of Business Process Reengineering, selection and development 
of Information Systems and in Knowledge Management. The process of enterprise 
modelling is a structured methodological step with the purpose of the representation 
of an enterprise while developing models [16]. The presentation of this process needs 
the use of appropriate modelling methods. There are numerous methods of modelling 
that have been developed for a long time to describe the enterprise working [17].  

Many methods for Enterprise Modelling have been introduced each for a different 
purpose [8]. Each method can offer certain benefits and certain limitation and 
drawbacks [18]. Enterprise modelling methods (EMMs) can be used as a supportive 
tool for building EA for an organization. In order to construct EA we need some 
models and information about different parts of organization and their relations 
between them. If the EA is documented in appropriate detail, managers are able to 
consider implications of specific changes [19]. 

In the short term, the future development of enterprise modelling practice is likely to 
remain dominated by EA for IT management. Over the past decade, more and more 
EA framework has been proposed, often targeting different industries and application 
areas [20]. 

2.1.1 IDEF0 

IDEF0 or integration definition language was introduced by Douglas T.Ross in the 
1970s. IDEF0 was retrieved from well-constructed and graphical approach, along 
with structured analysis and design technique or SADT. The IDEF0 was developed by 
SADT developer ordered by United States Air Force to design a functional modeling 
method for communicating and analyzing the functional view of a system. IDEF0 is a 
modeling device which used to create a model or structured picture of the functions of 
a system, information and objects and their relations and communications. It is a 
method for modeling decisions and activities of an enterprise or a system. An 
effective IDEF0 can assist a system to be analyzed properly and enhance the 
communication level between users and analyzers. This tool is useful for analyzing 
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system especially functional analysis, it helps model experts to find out the needs of 
functions for performing their tasks, the functions which are performed and the tasks 
that system are doing correct or incorrect . As a communication tool is also beneficial 
for experts in making decisions through the simple graphical device [21]. 
 
IDEF0 is a modeling tool which is utilized widely for modeling the business process. 
An IDEF0 model consists of different components such as diagrams and text 
documents in which explain about the diagrams. In this technique there are two 
classifications of activities. The activity classification provide IDEF0 perfect to define 
the business process’s semantics graphically in modeling level [22]. 
 

 
Figure 1 IDEF0 Box and Arrow Graphics 

 

 
One of the prominent characteristics of this method is defining a review cycle and 
reader cycle. Considering the importance of users opinion who use extensively the 
system, IDEF0 provide a system using user’s opinion and point of view as input and 
validation for the system. The cycle can continue depending on their needs [23]. In 
addition the primary IDEF0 modeling method describes some basic concepts that each 
of them consists of some characteristics which provide several abilities for the system 
such as: Graphical representation of activity modeling, Briefness, Communication, 
Rigor and precision, Methodology and Organization versus function [24]. 

2.1.2 IDEF2 

IDEF2 first was developed by the effort of a top level simulation company in US. 
Pritsker, Miner and Ippolito from Pritsker & Associates Company designed the early 
IDEF2 modeling method. The method was developed based on usage of the 
simulation languages which had been used in solving industrial problems and also 
considering the discovered experience of separate simulation languages design. 
IDEF2 is a simulation modeling tool which offer a language to show different models 
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of resources behaviors that may change by the time in manufacturing systems and a 
framework for specification which is based on math modeling simulation. IDEF2 was 
developing for enhancing the design of a kind of simulation modeling which use for 
finding different behaviors of a system in various conditions. This is a simulation 
modeling method with graphical characteristics. It uses the graphical syntax to 
represent the mathematical concepts [26]. 
 
Simulation modeling is a decision tool which is used to help in solving complicated 
and complex problems in vast variety areas. This model can provide an opportunity 
for the system to know for example if something occurs in the system, what will 
happen next. So they can analyze different situation with changing the conditions. 
There can be some benefits in using this kind of systems for example no need to have 
the real system at first and the simulation system can be checked and the probable 
errors can be removed thus, the threat of risk may be decreased [15]. 
 

 

 
Figure 2 IDEF2 Diagram 

 
In order to use of IDEF2 method effectively, the simulation model divided to four sub 
model. Some of the purposes of this segmentation were providing an opportunity for 
analysts to divide the tasks which compose the large model and reusing the sub model 
specification as a real system specification for examples Facilities sub model can be 
used for other quantitative analysis or the System Control sub model and the Resource 
Disposition sub model can be used as the control logic specification and etc. [26]. 
 

2.1.3 CIMOSA 

CIMOSA or computer integrated manufacturing open system architecture consists of 
an EMM and an integration engineering and infrastructure. The ESPRIT consortium 
AMICE produced the CIMOSA concept then they validated, verified and introduced 
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to the industry and made it standard which is the concept of enterprise engineering 
and model-driven enterprise operational control and monitoring. In fact CIMOSA was 
a project in ESPRIT program which developed by AMICE consortium. The objective 
of this project was elaborating open system architecture for CIM and describes a set 
of restrictions and concepts for assisting the CIM systems building in the future [27].  
 
The most important achievement of this project was two outcomes; modeling 
framework and integration infrastructure. The framework can support all stages of the 
CIM system life cycle such as requirement definition, design specification, 
Implementation and execution of the daily enterprise operation. The infrastructure 
provides particular information technology facilities or specific platforms which are 
vendor independent and portable for running the particular implementation model. 
This platform provides a condition in which the CIMOSA process model can execute 
in different and heterogeneous manufacturing and IT environment [27]. 
 
The CIMOSA framework consists of three architectural or generosity levels; three 
modeling levels and four integrated views. In architectural levels, each level supports 
various views on the certain enterprise model. The first level or generic level provides 
the basic language which is specified by modeling phases and view. This level can be 
a repertory for primary building blocks. The manufacturing operation in this level 
must be generic functions or the generic parts of the enterprise and free of its 
organization-structure or business zone, for examples, information management 
communication admin or workflow admin. It is better that generic system services 
perform the generic functions [28].  
 
The second level in architectural levels is partial level which offers the appropriate 
standard building blocks for particular kinds of manufacturing enterprises. This level 
can be a collection of partial models which are appropriate for specific purposes. The 
third level of architectural levels is particular level which represents the specific 
reality. The particular enterprise model is made by partial models and building blocks. 
Both partial and particular functions are specific for individual enterprises for 
example production processes, production plan and processing of orders. Machines, 
computers and humans can perform specific functions [28]. 
 
One of the primary objectives of CIMOSA is to provide a framework to describe the 
enterprise requirements and transfer them to the system, which provides and 
integrates the functions that match the requirements. CIMOSA modeling level 
supports the complete life cycle of the enterprise operations which consists of 
requirements definition, design specification and implementation description. The 
first level or requirements definition is for gathering business requirements by the 
business user and providing user’s voice to explain what is needed in clear and 
detailed way with the help of an understandable language for user. This is used for 
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explaining the detail of implementation solution with respect to physical technical 
limitations [29]. 
 
The second part of life cycle dimension in CIMOSA is design modeling which 
identify optimized and system oriented representation of the business requirements. 
This is applicable to describe one or more solutions which assure the set of 
requirement formally and search their properties to choose the best requirement. The 
third part or implementation modeling is used to define the whole CIM system and its 
implemented components [29]. 
 

 
Figure 3 CISOMA Cube [31] 

 
It has been defined that each architectural or generosity level can support various 
views on the specific enterprise model. There are four modeling views or integrated 
views. In fact the objective of using these four views for CIMOSA was integrating the 
organizational operations with effective information exchange inside the enterprise. 
Using the concept of views provides the opportunity for business user to work with a 
subsection of the model instead of the complete model without facing the complexity 
of that specific area [30]. 
 
The views which introduced by CIMOSA are function, information, resource and 
organization. Function view was defined for describing the predictable behavior and 
functionality of the enterprise. This view indicates the enterprise behavior and 
functionality. This view tries to define the functional structure which is needed to 
fulfill the objectives of an enterprise and its related control structures. Functionality 
refers to what works has to be done and behavior address the order of the work which 
has to be done. Events, process and enterprise activities are the objects of classes 
which can define the behavior and functionality of the enterprise operation. The 
second view or information view is used to define the integrated information objects 
of the enterprise. They describe the information which is needed for each function in 
the enterprise. The information refers to the objects which are used or processed [30]. 
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Recourse view or third view is used to define the resource objects of the enterprise. It 
describes who and what does what in the enterprise. The required information and 
resources are defined with the input and output activities in the enterprise. The last 
view is organization view which is applicable for defining the organization of the 
enterprise. It refers to the organizational units and the relations between them and 
specifies who is in charge of what or whom, who has power of what or people’s 
authorization, control and power. Overlay this view describe individual 
responsibilities for control and functional structures.  Organizational aspects are 
described based on organization elements or responsibilities and authorization for all 
function, information, resource and organization. These aspects are structured in 
organizational units as well. The CIMOSA reference architecture offer the integrity of 
the overall model and lets different users to model different areas of the enterprise. It 
offers a set of business modeling constructs which can cover main and significant 
aspects of an enterprise and be used simply by end user. CIMOSA formed its 
construct into the hierarchy of object classes with the help of object oriented heritage 
idea [32]. 
 
The CIMOSA modeling approach is an event driven process based model to cover the 
entire life cycle dimension from requirement definition, design specification and 
implementation description. In this model the business process is on the center of 
attention because the model wants to consider and cover all the sequence of phases 
and the different happening flows in the enterprise. The approach is supported by a 
series of languages which are able to cover all the various views such as; information, 
function, resource and organization [30]. 

2.1.4 GERAM 

GERAM or Generalized Enterprise Reference Architecture and Methodology of the 
IFAC-IFIP Task Force provide reference architecture called GERA. GERA can 
summarize the main principles for EM and engineering. GERAM define all issues 
which are recommended in enterprise engineering and integration therewith can 
provide a standard collection of methods and tools that can be useful to help 
enterprise to be more successful in their primary integration design or change process 
which both of them may happen in the operational lifetime of any enterprise. In fact 
GERAM sees the enterprise model as a fundamental part for enterprise engineering 
and integration which consists of different types of design explanation which are used 
during the design [33]. 
 
The key purpose of the Generalized Enterprise Reference Architecture is to take a 
broad view of the cooperation and assistance of several existing EA Frameworks and 
Enterprise Reference Architectures or modeling frameworks. Over all, the 
abbreviation GERAM means a reference architecture and methodology. In this 
naming one component of the framework is the life cycle architecture which is called 



Methods 

20 

GERA and M of GERAM shows the Methodology of the framework but there are 
other important component as well which are not used in naming process of this 
framework. Generally, GERAM provides comprehensive tools, method and model 
collection which can be used in the enterprise engineering and integration [34].  
  
 

 
Figure 4: GERAM Perspectives and Aspects [34] 

 
GERAM contributes in selecting tools and methodologies by providing criteria which 
are essential to be satisfied, instead of trying to enforce certain selections. Besides 
GERAM may help in establishing the comprehensiveness and appropriateness of 
frameworks suggested to form the basis to a particular change process meanwhile 
management may select to combine the components of more than one framework and 
use these in combinations in a generalization of frameworks. Several remarkable 
attempts has been occurred to map the existing life cycle architectures or architecture 
framework and their related artifacts compared to each another, which have specified 
some of the troubles come across in the mapping process [34].  
 
The outcome of the mappings of existing architectures in contrast to a fixed reference 
could produce a structure which was similar to a matrix or a two-dimensional 
requirements form of the GERA modeling framework. The modeling framework was 
then complemented by particular concepts such as entity type, recursion, life history, 
etc. The architecture framework was consequently made by putting together the 
generalized modeling framework with all necessary general concepts of enterprise 
engineering, EM such as enterprise models, modeling languages, generic EM 
concepts, partial models, etc [34]. 
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Moreover, a three-dimensional illustration of the modeling framework, offered by 
Williams and Li, has enhanced the ability of being read compare to the formerly used 
two-dimensional matrix (Figure 4). GERAM or the generalized architecture 
framework, tries to classify life cycle architectures and their related artifact types 
(methodologies, reference models, ontologies, etc.). [34]. 
 

2.1.5 GRAI 

The GRAI method or Graph with Results and Actions Interrelated approach has been 
developed to design manufacturing management systems by the Laboratory of 
Automation and Productics of University Bordeaux in the early 1980’s [35]. The 
objective of this approach is the modeling aspects of the decision taken during the 
analysis or design phases of an enterprise [36]. The method uses for analyzing the 
present decisional system of the enterprise and then figuring out the future system 
considering the functional and temporal global consistency. The GRAI modeling 
method is the only method which uses to represent the decisional structure of an 
enterprise [37].  
 
GARI consists of conceptual reference model, two graphical tools and an 
implementation methodology [35]. In fact this approach is specified by three 
components including models of reference, formalisms of modeling and structured 
approaches [37]. The conceptual model is used to plan the manufacturing system and 
to describe the activities of a decision center. According to the conceptual modeling in 
GRAI method there are three subsystems; decision, physical and information systems 
[35].  
 
A core component is the decision making system which is hierarchical naturally. It 
divided to two decision making levels in which one may contain one or more decision 
centers. The physical system includes physical meaning of the production such as 
machines, operators, techniques and etc. The information system supports the decision 
making at all levels and provides a link between decision making and physical 
subsystems [35]. 

 
Figure 5: GRAI method [38] 
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GRAI tool consists of GRAI girds which is used for modeling the decision center of 
production management system and GRAI nets which represents a discrete 
transformation activity in GRAI method to design and analyze an organization [39]. 
The GRAI grid is based on a top down approach which is used to analyze [35]. A 
decision center is the intersection of a production management function and a 
decisional level which is connected to both decision links and information links [39].  
 
GRAI grid represents an overall view of the relation between decisions and 
information flow in a manufacturing system considering to the relevant main 
functions and the time frames of decisions taken [40].  
 

2.1.6 UML 

UML or Unified Modeling Language is a graphical language to specify, visualize, 
construct and document the artifacts of the system intensive process. It gives a 
modeler, a standard way to make a blueprint for a system in which support conceptual 
issues such as business function and system functions, concrete issues such as classes 
which is written in a particular programming language, database schemas and 
reusable software components. It is applicable for anyone who is involved in different 
stage of software development such as production, deployment and maintenance of 
software. UML incorporates several techniques such as object modeling, business 
modeling, data modeling and component modeling. It utilizes with all processes in 
software development lifecycle and in amongst all different implementation 
techniques [41].  
  
The intensive process can have different definition as apply in different situations 
such as: 
 
In a system is a method which applied as a process for evolving or deriving a system. 
As a language, the process is used for communication. Based on the goal of 
communication is used to capture knowledge about a subject and express knowledge 
of the subject.  
  
If we assume the process as a modeling language, it concentrates to understand the 
subject by making a formulation of the model of the subject. The model expresses 
knowledge based on the subject and the suitable application of this knowledge.  
 
Considering unification, it unifies the best engineering practices of technology 
manufacturing and information systems through domains such as software or 
business, system types or software and non-software and life cycle processes.  
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For specifying systems, it is used to specify what the requirements of the system are 
and how a system explain and implement them.  
 
As it used to system visualization, explain a system visually before the system is 
completed.  For system construction, it acts as guides a system to be realized same as 
a blueprint. To document systems, it captures system’s knowledge via its life cycle. 
UML started when Grady Booch, Ivar Jacobson and James Rumbaugh began to adopt 
their ideas together about their different methods. Their methods were in order; 
Rational Software Corporation, Objectory and General Electric. By combing different 
ideas UML has benefited from the diversity of its different partners’ experience and 
point of view with the aim of being a standard modeling language which can model 
both distributed and concurrent systems [42]. 
 
UML is a third generation of object oriented modeling language which is specifically 
suitable for real time systems. It is a supportive modeling language for classes, objects 
and the relationships between them such as aggregation, association, dependency, 
inheritance and instantiation. In UML, diagrams visualize a system from different 
perspectives, so a diagram is a plan into a system [43]. 
 
UML defines several diagrams including class, object, use case, sequence, 
collaboration, state chart, activity, component and deployment. A model provides the 
blueprints of a system. A model includes those elements that have vast effect and 
ignores those trivial elements that are not relevant to the given level of abstraction. 
Every system may be defined from different aspects with use of different models, and 
each model is then a semantically shut abstraction of the system. Here a model can be 
defined structural, which put emphasize on the organization of the system, or 
behavioral which emphasize on the dynamics of the system [43]. 
 

 
Figure 6: Class diagram [44] 
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Figure 7: Sequence diagram [44] 

 
UML is a standard modeling language which is used for writing software blueprints, 
where as an enclosed system cannot be sufficient to express all different models for 
ever, the UML provide a condition in which everyone can extend the language in a 
controlled way. In fact UML is an opened ended modeling language which can be 
extended in three ways such as stereotypes, tagged values and constraints. Stereotype 
means the vocabulary extension in UML, everyone can add new kind of building 
blocks which are derived from the existing one and are particular for the new 
problem. Tagged value is used for extension of the properties of UML building blocks 
and let everyone to make new information in that element’s specification. Constraint 
helps UML to extend the semantics of UML building blocks and let everyone to offer 
novel rules or adjusting the existing one [41]. 
 
The UML is suitable to model systems from enterprise information systems to 
distributed Web-based applications and also to hard real time embedded systems. By 
addressing all the point of views which are required for developing and then 
deploying this king of systems, UML is a very expressive language. Although UML is 
an expressive language, it is not hard language for understanding and to using. The 
UML is only one part of a software method because it is only a language. Even 
though in a most desirable way the UML should be used in a process which uses case 
driven, architecture centric, iterative and incremental, it is process independent 
modeling language [41]. 

2.1.7 GIM 

The GIM modeling method has started to develop in the 1970’s at GARI Laboratory 
of the University of Bordeaux and it was based on some PhD research project. It was 
the extension of the GARI modeling method to GARI Integrated Methodology or 
GIM [45]. The goals of this method at first were to have ability to define accurately 
the specifications which are required for a software package in a Computer Aided 
production Management system (CAPM) while they are modeling a production 
management system. In fact when the CIM or Computer Integrated Manufacturing 
system has developed, the GRAI method started to extend to be able to design the 
entire manufacturing system to support the design of CIM systems. GIM has the 



Methods 

25 

GRAI characteristics which can define four co-operating systems such as Decisional, 
Informational, Physical and Functional and also its own feature which is using 
structured approach to emphasize on the life cycle of the CIM project [46]. GIM then 
has been continued improving with in some several ESPRIT projects [45].  
 

 
Figure 8: GIM Modeling Formalisms [37] 

 
GIM can show different views such as information, decision, function and physical 
when studying the levels of abstractions. It offers several kinds of formalisms and let 
them to absorb the ideas, keep it to negotiate and exchange between players for 
forming a production system [37]. GIM is consists of six different elements including 
[45]:  
 

1- GRAI conceptual model: this is a representation of the basic concept of a 
manufacturing system. Manufacturing system is consists of three 
subsystems; 1- decision subsystem which has a responsibility to control and 
manage the two other systems such as physical and information. 2- physical 
subsystem which has a responsibility to transform the raw material to the 
products 3- information subsystem which provide required information for 
decision making in decision subsystem. 
 

2- GIM modeling framework: in an integrated EM, the chosen method must 
consider about the three dimensions such as viewpoints axis, life cycle axis 
and abstraction level axis. 
 

3- GIM reference architecture: because GIM is an integrated modeling 
method, the chosen architecture must be structured collections of models and 
show the different building blocks of the manufacturing system. The 
architecture is defined in the GIM modeling framework. 
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4- GIM modeling formalisms: is a language which can express the 
manufacturing system requirement. For decisional system modeling, the 
GRAI grid and GRAI net, for physical system modeling, IDEF0 and stock/ 
resource, for informational system modeling, entity relationship or ER and 
for functional system modeling also IDEF0 are used [37]. 

 
 

5- GIM structured approach: it is a guide for analysis and design of the 
manufacturing system which consist of three parts such as 1- analysis 2- user 
oriented design 3-technical oriented design. In the first phase, GIM 
analyzing the current system and in fact it consider to as-is system. The user 
oriented means that the method can convert the user requirement into the 
user specification according to functions, information, decision and 
resources. The technical oriented means the method can convert the user 
specification to the technical specifications according to information and 
manufacturing technology components and the organization [37]. 

 

 
Figure 9: Modeling framework and GIM reference architecture [45] 

  
 

6- GIM case Tool: for using GIM needs a tool to support and PROGRAI was 
developed on Macintosh environment then IMAGIM was developed in the 
EUREKA project which is run on PC windows [37]. 

 

 

 

 



Methods 

27 

2.2 Enterprise Architecture 
Harmon defines EA as “a tool to help executives think about the organization as a 
whole. An EA captures a wide variety of information and links it together in a single 
database or repository, so that managers can then see relationships and ask questions 
to identify problems or to make decisions about changes they are considering” [1]. 

EA contains the processes of interpreting business vision and strategy into operative 
and effective enterprise change which gain through creating, collaborating and 
refining the main requirements, values, principles and models which illustrate and 
describe organization future satiation and makes organization able to go through this 
evolution. EA provides a mechanism which makes possible for essential elements of 
an enterprise to communicate. EA is a continuing business function which can help an 
organization to find out how to plan and execute the best practices and strategies 
which drive it improvements [47]. 

We can draw analogy between EA design and city planning. City planners need to 
design situation considering that there are many unknowns, such as future 
technologies for life, transportation, travelling forms and so on. Similarly, EA needs 
to be able to respond to business changes along with rapid reaction in short period of 
time to environmental change [48]. 

 
EA works as the blueprint for the whole system and the project which is developing it. 
An EA framework can help organization to describe the underlying infrastructures, 
afterwards providing foundation for the requirement such as hardware, software and 
network to be able to work together [1]. An EA framework consist of tools, 
techniques, description of needed artefacts, process models, reference model and 
some kind of guidance which can help architects in the construction of organization 
specific architectural description. Various EA frameworks separated the whole 
practice of EA to some practice sectors and domains which makes it easier to 
understand and follow [5].  
 
An EA framework provides a general problem place with the same vocabulary where 
individuals are able to cooperate in order to solve a specific problem. EA frameworks 
are not essentially comprehensive; they can act just as starter which provides some set 
of issues and concerns that need to be delivered in EA development process. 
Frameworks may provide some sort of guidance on larger view of architecture instead 
of what just can fill in block diagrams. Frameworks generally provide common 
vocabulary and definition of architecture but they are different in focus, scope and 
purpose. Although there are several frameworks which directed to different kind of 
purposes and communities but they have many common objectives and approaches. 
Having same objectives and approaches between different frameworks allow 
architects to use more than one framework. They usually identify gaps and lacks and 
fill those shortages by using another framework [5].  
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The Figure 11 illustrate the historical relation of different frameworks, four of the 
most popular frameworks are described in the next sections, over 90 percent of the 
field are using one of these four frameworks [5]. 
 
 

 
Figure 10 : EA Frameworks Holistic Overview 

Closer look at this diagram shows that most of frameworks today have common 
history and build for improving previous frameworks in order to fix their problems 
and add more features and capabilities. Most of the changes in EA frameworks are in 
their Terminology, whereas philosophies of function areas and abstraction levels are 
almost similar [4]. 

2.2.1 ZACHMAN Framework 

The Zachman framework was invented by John Zachman in 1987; He published this 
framework for EA in IBM Journal. He wrote “To keep the business from 
disintegrating, the concept of information system architecture is becoming less of an 
option and more of a necessity.” It was his initial believe which lead to Zachman 
Framework for enterprise and after that he opened the Zachman Institute for 
Framework Advancement (ZIFA). This organization aimed to those professionals 
who understand the value of using EA in worldwide economy. The goal of ZIFA was 
creating a network where individuals can exchange and share the knowledge and 
experience of using and implementing Zachman framework [50]. 
  
The Zachman framework is affected by philosophise of traditional architecture which 
mainly focus on creating common vocabulary along with some kind of perspectives 
that describe complex enterprise systems. Design an EA according to these rules will 
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guarantee the transparency of the design and being easy to understand along with 
reasonable balance with complete presentation. Actually Zachman framework 
provides some kind of blueprint for information structure of an organization [51].  
 
Zachman framework describes a model from six different perspectives: Planner, 
Owner, Designer, Builder, Subcontractor and the working system. In Zachman 
framework you cannot find structured guidance for process or implementation of the 
framework, since apart from the order of establishment, the main focus is on ensuring 
about covering all aspects of an enterprise in organised way and representing all 
relation clear which ensure coherence of system [4]. 
 
As long as architects follow the rulesproperly the EA will be quality well. The 
principles of Zachman framework can describe in eight major principles [4]: 
 

• In order to modelling a complete system we need to answer to following 
questions about different parts of enterprise; why (motivation), who (people), 
what (data), how (function), where (network) and when (time). 

• Six perspective of Zachman framework capture all significant models of an 
enterprise which is required of developing a system. 

• Development of each perspective is an incremental process 
• The columns of the framework characterise variant abstraction in order to 

reduce the complexity  
• There is no any order for columns which means we can fill higher columns 

even if the lower level columns are still unavailable 
• One of the most important principles of Zachman framework is being sure that 

models of each columns are unique and unparalleled 
• Each row should demonstrate unique perspective of organization 
• Each cell of the framework should be unique without replication  

 
The easiest way to understand Zachman framework is looking at the graphical 
presentation as a table or matrix with annotated rows and columns, see Figure 12. One 
of the advantages of Zachman frame work is having simple concept with strong 
implications. Each columns of framework is responsible for providing the unique 
model for representing the enterprise, these columns in a wider view show the 
comprehensive representation of an enterprise. Perception of each aspect of enterprise 
at any level of its development will help architects to construct a tool which can be 
valuable for decision making about the changes or extensions in organization [50]. 
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Figure 11 : Zachman Framework [52] 

 
The perspectives of Zachman framework consists of 6 rows with 6 different columns 
which makes 36 cells. Each cell in the table should be aligned with the cells above or 
below it. Moreover, all the cells in a particular row should be aligned together. Six 
rows of the framework are divided as follows:  
 

• Scope: concerns with creating an executive summary for planner who needs to 
know estimation about the size, cost and functionality of the enterprise that 
effect purposes and direction of an organization. 
 

• Business model: include a comprehensive of all business units and related 
processes and describe the interaction between them. 

 
• System model: develops a system model with determination of data elements 

and software function which give use logical view of the enterprise. 
 

• Technology model: corresponds to limitations of tools, technology and 
materials; which give us physical view of the enterprise. 
 

• Components: develops a comprehensive view of individuals and independent 
modules which can help to assign independents for implementation. 
Representing out-of-context view of the enterprise. 
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• Working systems: providing functional view of the enterprise from user 
perspective. 

 
 
The columns are divided based on six aspects of each perspective which are: 
 

• Who. Represent individuals in an enterprise along with their relationship. In 
order to design EA we need specify responsibilities for different enterprise’s 
actors and people who run the business. 
 

• When. Represent timing schedule in an enterprise, it usually concerns with 
answering to time oriented questions such as, how is the schedule of business 
and workflows. 

 
• Why. This column describes the motivations of enterprise. Explain why 

people and processes are important for organization. This part describes 
business objectives and desired goals along with business plans for achieving 
goals. 

 
• What. Describes business data, objects or information which is involved to 

different perspectives of enterprise. 
 

• How. Describing functions in the enterprise and how does the business work. 
This column includes information about business processes, software 
application functions and computer hardware functions.  

 
• Where. Specify locations and connections in enterprise with answering to 

questions about where are the business processes. 

2.2.2 TOGAF 

The Open Group Architecture Framework (TOGAF) developed by the Open Group in 
1995. The infrastructure of this framework designed based on the TAFIM framework 
which was developed by Department of Defense. There are different versions of 
TOGAF framework; recently Open Group released TOGAF 9.1 which mainly focused 
on quality improvements to ensure consistent use of terminology [53]. 
 
Schekkerman (2003) [4] describes TOGAF framework by following description: 
“intends to provide a practical, freely available, industry standard method of 
designing an EA, levering all relevant assets in the process. TOGAF is supported by a 
number of different architecture consultants, and it is sufficient for an organization to 
use as-is or to adapt as an EA development method for use with other deliverables-
focused frameworks”. The main focus of TOGAF is on mission-critical business 
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applications which means it concerns about any application that is critical to the 
convenient running of the business; these applications will use open system building 
blocks. It establishes a situation which is appropriate to use multiple frameworks, 
different kind of models and architecture assets with combination the main principle 
of TOGAF framework. 
 
TOGAF consist of four main parts which are TOGAF Architecture Development 
Method (ADM), The EA Continuum and TOGAF Resource Base. ADM clarifies how 
to develop a comprehensive and specific organization EA which delivers business 
requirements by providing reliable methods for developing entire architecture. 
Moreover, ADM provide different architecture views which can be very useful for 
understanding the communication of different concepts. ADM provides useful 
linkages between EA to other case studies which has been done in the same field and 
some kind of guidelines for choosing required tools for developing architecture [54]. 
Figure 13 illustrate Architecture Development Cycle of TOGAF. 
 

 
Figure 12 : Architecture Development Cycle [54] 

 
The EA Continuum provides some sort of taxonomy and classification for all 
enterprise properties and assets. This taxonomy includes all issues that may consider 
for developing enterprise which are inside enterprise and the IT industry. In all part of 
ADM at relevant places, there are some reminders which help architects to reuse some 
assets from Enterprise Continuum [4].  
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TOGAF Foundation Architecture provides the foundation where specific architectures 
and relevant building blocks can be constructed.  This foundation includes different 
models and standards which are TOGAF Technical Reference Model (TRM), TOGAF 
Standards Information Base (SIB) and Integrated Information Infrastructure 
Reference Model. The last part of TOGAF is Resource base; it helps architects to use 
ADM by providing resources, templates and required information [4].   

2.2.3 FEAF 

Industry demand for having EA for managing the development of large and multipart 
systems encouraged The United State of America to introduce Federal EA Framework 
for federal agencies. Within the government there are different kind of frameworks 
such as FEAD, DOD and some other framework which designed for some specific 
environment and agencies, but all of them have same goal which is decreasing the 
inconsistency of architectural description across different part of federal government 
[55].    

FEAF trying to identify opportunities in organization for simplifying processes and 
create a unified environment across different federal agencies via standardization, 
interoperability, merging and information sharing, which follows Federal Government 
principles. The USA office of management and Budget (OMB) describes FEAF as “a 
tool that enables the Federal Government to identify opportunities to leverage 
technology and alleviate redundancy, or to highlight where agency overlap limits the 
value of IT investments”. The main goal of FEAF is develop an environment which 
will help Federal Government to improve interoperability across different Federal 
agencies. FEAF allows Government to unify information system in entire Federal 
Government, support sharing of information across different agencies, provide an 
environment which Federal organization are able to develop their architectures and  
increase the speed of IT investment process in Federal organizations [4]. 
 
The FEAF contains five different reference models which are used to describe 
different enterprise domains that can get benefit from consistent taxonomies in order 
to simplify process of improvement business activities. Reference models includes 
framework for describing significant units of FEA with common and consistent 
method which provides common vocabulary. These five reference models are [56]: 
 

• Performance Reference Model (PRM): mainly focus on providing 
framework for performance measurement by developing same measurements 
output form for all over federal government. It will help agencies to be able to 
manage business of government strategically and more efficient by providing 
a way to use EA for measuring agencies performance and success of IT 
investment.PRM achieves these goals by developing common vocabulary for 
describing its outcomes and measures which used to obtain business 
objectives. Moreover, PRM simplifies resource allocation based on 
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comparison of effectiveness and efficiency of different programs and 
organizations. 
 

• Business Reference Model (BRM): concerns with providing a framework 
which facilitate functional view of different business line in federal’s 
government. This view includes internal operations along with its services, 
independent of agencies, departments and offices that performing them. BRM 
focus on describing federal government in a common business areas rather 
than using stove piped or agency by agency view. 

 
• Service Component Reference Model (SRM): SRM focuses on classifying 

service components based on their capabilities in providing business functions. 
SRM intended for supporting detection of available business and application 
which are suitable for IT investment and assets. 
 

• Technical Reference Model (TRM): providing technical framework for 
categorizing related standard and useful technologies in order to support and 
facilitate transporting service components and detection of available 
capabilities. 

 
• Data Reference Model (DRM): standard base framework with flexible 

structure which enables information sharing and provides an environment for 
reusing components in all part of federal government. DRM provide this 
service through describing standards and detecting common data and 
improving data management practices.    
 

Structure of FEA framework divided into four main architectures, which are business, 
data, application and technology. Figure 14 illustrate the structure of FEAF and shows 
how these four different architectures work together [4]. 
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Figure 13 : Structure of the FEAF Components [4] 

 
The main components of FEA framework are, Architecture Drivers which are 
responsible for external stimuli, Strategic Direction for aligning changes with Federal 
direction, Current Architecture for proving current situation of enterprise, Target 
Architecture represent the desired state of enterprise, Transitional process responsible 
for applying the changes from current architecture to target architecture, Architecture 
Segments represent smaller architecture within Federal enterprise, Architecture 
Models concerns with documentation and providing needed information for managing 
and implementing the changes and the last component is Standards which includes 
compulsory and mandatory standards along with guidelines and best practices [4]. 

2.2.4 Gartner 

Gartner Enterprise Architecture Framework (GEAF) is a little different compare to 
other EA frameworks. It’s not taxonomy like Zachman Framework, not process 
oriented like TOGAF or even a complete methodology like FEAF. Garner is one of 
the best architecture practices for IT research and consulting organizations. Joey 
Sessions [57] describes Gartner “Gartner believes that enterprise architecture is 
about bringing together three constituents: the business owners, the information 
specialists, and the technology implementers. If you can bring these three groups 
together and unify them behind a common vision that drives business value, than you 
have succeeded”. EA from Gartner point of view is about strategy not engineering, 
the two main things which is important for Gartner is where an organization wants to 
go and how we can reach organization to desired destination. 
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Figure 14 : Gartner View 

Gartner framework includes three primary viewpoints (See Figure 15) which are [58]: 

• Enterprise Business Architecture (EBA): The EBA defines the organization 
business value streams with the interaction of them to all external entities and 
other organizations goals. EBA provide a process which decomposes 
strategies of different programs and define the resources and needed process 
for executing them. 

• Enterprise Information Architecture (EIA): offers a framework which 
includes business and technology in order to assistant delivery and distribution 
of required information in comprehensive manner. 

• Enterprise Technology Architecture (ETA): describes the current technical 
situation and environment in organization along with providing a view from 
desired technical environment in order to facilitate implementation of plans. 

Gartner process model provides a rational method for developing and implementing 
an EA. This model is a multiphase model which consists of different phase from 
developing requirements to developing models (See Figure 16), this model is an 
iterative process and its output is not directly proportional to its inputs. Granter 
process model represents key characteristics and combination of best practices which 
describe how those organizations where successful in developing EA. Client’s issues 
help Garnet to increase applied research knowledge for improving this process, these 
research provide an environment for understanding other approaches beyond original 
approaches that developed in 1996. In primary approaches the Gartner process models 
mainly focused on delivering technical approaches, after three years in 1999 it began 
to go beyond the technical view and became a mechanism for making a true 
relationship between business and IT in different organizational levels [58]. 
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Figure 15 : Gartner Process Model [58]. 

 

Gartner categorized five different type of deliveries which are Measureable deliveries 
concerns with direct impact of EA on business, Actionable deliveries represent the 
direct impact on business outcomes and stakeholders requirements, Diagnostic 
deliveries includes models and tools that design to help different IT and Business 
leaders to understand the impact of changes, Enabling deliveries which are composed 
of collected information that can be used as input for diagnostic deliveries, and 
Operational deliveries includes artifacts that architects used to run EA [59]. 

Major strengths of Gartner framework are having sufficient practice guidance which 
provides advice and good practice for those who involved in the process of building 
EA, maturity model is strengths of Gartner framework which enables leaders to 
identify shortcomings, define priorities and forming desired goals for organization. 
Along with these strengths there are some weaknesses such as information availability 
and lack of reference model [60].  

 

2.3 Comparison of EA Frameworks 
An EA Framework maps all the processes within the enterprise and shows how is the 
relation and interaction between them in order to fulfill enterprise’s missions. Since 
concept of EA born twenty years ago many frameworks come and gone; some of 
these frameworks developed for very specific purposes and areas while other 
frameworks have broader functionality and flexibility which makes them able to 
applied in different field and areas. The main purpose of EA is linking organization 
objectives and goals to work processes along with needed IT infrastructures for 
executing them, a good EA and its related documentation allow simplicity of 
maintenance and prevent of obsolete in the system [10].  
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In this section we want to briefly comprise most popular EA frameworks based on 
their view and aspects. At this point more than 90% of organization use one of these 
four frameworks and methodologies; Zachman, TOGAF, FEAF and Gartner, whereas 
Gartner framework mostly considered as a practice methodology. Our comparison is 
based on Zachman, TOGAF and FEAF frameworks.  The fact is none of these 
frameworks is complete; each one has some strength in some areas along with 
weaknesses in others. For many organizations none of these frameworks can be a 
complete solution, in this case organization can use blended methodology which 
allows organization to use a bits and pieces from each framework based on specific 
needs of their organization [11]. 

2.3.1 Variances between different EA Frameworks 

There are some challenges and problems for comparing different EAFs, first of all 
some frameworks are used for some specific purposes and application or development 
method, for example some frameworks designed especially for object oriented 
development or system which implement and working distributed. Another problem is 
about the structure of different EAFs, some frameworks are totally enterprise oriented 
which cover all part of an enterprise, while some frameworks specifically designed for 
development of IT system. In order to overcome these problems it’s better to compare 
frameworks based on higher level such as their views, abstraction and their coverage 
of the Systems Development Life Cycle [10].  

Zachman’s view can be used as most comprehensive terminology to compare EAFs 
along with representing stakeholder perspective (Table 2). The planner view concerns 
about final product which includes information about the size, shape and primary 
design of final structure. The owner view represent architect drawing which help the 
owner to find out that architect has captured what he wants. The architect’s final 
product along with details and describing needs material represent in designer view. 
The builder view reflects how final plans specified about construction process. 
Subsets and parts of final plan represent in subcontractor view, this view may include 
some information about what actually will be assembled. The physical result of the 
final plan represent in user view. As you can see in Table 2 comparison based on 
views is more quantifiable [10]. 

 

Table 1: View Comparison 

Frame
work 

Planner Owner Designer Builder Subcontractor User 

Zachm
an 

Scope Business 
Model 

System 
Model 

Technolog
y Model 

Detailed 
Representation

s 

Function
ing 

System 
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FEAF Objective
s/Scope  

Enterprise 
Model  

Informatio
n System 
Model 

Technolog
y Model 

Detailed 
Specifications 

 

TOGA
F 

 Business 
Architectur

e View 

Technical Architecture 
Views 

 

   

 

Comparing EAFs based on their abstraction level is less quantifiable, most of studies 
which has been done in this field mention what abstraction represent for different 
EAFs, without providing methods, procedures or deliveries which is required. Table 3 
[10] illustrate comparison of different EAFs based on their abstraction in different 
perspectives. The first column is “What “which signifying the material composition of 
the enterprise which has direct effect on purposes and objective of an enterprise. The 
“How” column describes how a process is configured and transformed in enterprise’s 
goals way. Geographical locations and interconnection between nodes describes in 
“Where” Column, authority and responsibility along with people who are involved in 
processes and whole business defines in “Who” column. Time and event relationship 
between enterprises denotes in “When” column, motivations which only specified in 
Zachman’s framework describe in “Why” column [51]. 

Table 2 : Comparision by Abstractions 

Framework What How Where Who When Why 

Zachman Data Function Network People Time Motivation 

FEAF Data 
Architecture 

Applications 
Architecture 

Technology 
Architecture 

   

TOGAF  Decision-
making 

guidance 

 IT 
resource 
guidance 
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Currently FEAF corresponds to “What”, “How” and “Where” columns, most writers 
defines FEAF as integration five different reference models for business, components, 
service, data and technical, but along with these reference models it includes all 
required things to build most complex EAs like US Government [11]. TOGAF is 
mainly focus on Business Architecture and Technical Architecture aspects with 
providing guidance for decision making, IT resources and architecture principles, but 
this Framework does not provide much details for planning and maintenance aspects 
[10].  

In this part we want to compare EAFs based on their coverage of System 
Development Life Cycle (SDLC). SDLC consists of set of steps for creating or 
changing information systems, models and methodologies which are needed to 
develop different information and software systems [61]. EAFs can be compared 
based on 5 phases of SDLC which are Planning, Analysis, Design, Implementation 
and Maintenance. Before evaluation each EAFs based on these phases it’s good to 
know more about each SDLC phases and related activities. Planning is the first step of 
any system’s life cycle, during this phase the necessity of obtaining or enhancing a 
system identified along with estimation of costs, assessing feasibility and risks. 
Analysis phase concerns about refining enterprise goals and objectives into defined 
functions and operations, and analyzing end user needs and requirements. During the 
design phase desired features and operations describes in details, including related 
documentations such as screen layouts, business rules, process diagrams and etc. 
Implementation phase consists of activities of development the system based on 
design specifications. In the final phase the system becomes operational, the main 
purpose of this phase is about being sure that stockholders and sponsor needs and 
requirements continue to be met and system is in the right way which continue 
performing based on defined specifications [62]. 

 

Table 3 [10] comparison by SLDC phases 

SDLC 
Phases/ 

Frameworks 

Planning Analysis Design Implementation Maintenance 

Zachman Yes Yes Yes Yes No 

FEAF Yes Yes Yes Yes Detailed 
Subcontractor

’s View 

TOGAF  Principles that support decision making 
across enterprise; provide guidance of IT 
resources; support architecture principles 

for design and implementation 
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2.4 Enterprise Architecture Results 
EA frameworks use different kind of visualizations which produce various types of 
results and artifacts, these artifacts can address different stockholders concerns [4]. In 
this section we investigate about different classifications of results of EA which lead 
to our preliminary classification of results of EA. Classifying results of EA facilitate 
perceiving of EA outcomes and indicate the effect of EMMs to get these specific 
results.  
 
Schekkerman (2008) [5] defined results of EA as visualization, graphics, models, 
stories and explanations which represent the enterprise environment and design. 
Specifying the results of EA can be the first step in identifying and providing the 
business definition. These enterprise architectural results will be defined by the head 
of enterprise architect team. The team leader also specifies which results can be 
utilized to create a united view of the organization main business which consists of 
the functional, informational and organizational models. In fact, results of EA are the 
outputs which are produced during EA pathway but these results depending on the 
scope, principles and goals & objectives to achieve can be different. 
 
The expected and desired results that should produce, and level of detail of outcomes, 
depend on what stakeholders concerns along with organization’s goals and objectives. 
Moreover, some decisions in organization are based on the results which need to be 
considered for specifying expected results. The results of EA process can produce 
different benefits for organization since it’s accomplished to perform desired goals 
[63]. 
 
Schekkerman discussed about two different types of results which are essential and 
supporting results, “Essential results are those required for all enterprise 
architectures, while supporting results may be necessary to fulfill specific 
informational needs. Only those supporting results that portray the desired 
characteristics should be created. The required results should help formulate the 
selection of framework and associated tool set.” [5]. 
 
Based on experiences of IFEAD and US Department of Defense in using different EA 
frameworks such as E2AF, DoDAF & FEAF, table 5 shows list of results of EA and 
deliverables may be expected [5]: 
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Table 4 Results of EA 

 Results of EA/Deliverables Description 

1 Overview and Summary Information Description, purpose, scope, time frame and 
mission; optional external graphic 

2 Mission & Vision Statements Description of the organization’s mission and 
vision 

3 Information Dictionary Enterprise Architecture Description Document 
(EAD), Report / Repository 

4 EA Principle Overview Overall table representing the weighted EA 
principles guiding the EA activities 

5 EA sets of Viewpoints Definition and description of relevant sets of 
viewpoints 

6 Business Activity – Information 
Exchange Diagram 

Diagram representing Business processes and 
related information exchange items 

7 Business Activity/ Information 
Exchange- Systems Mapping 

Diagram representing Business processes/ related 
information exchange items and related 
information systems 

8 Information Systems – Mappings & 
Views 

Diagram representing the Information Systems 
and related Relational Database usage & 
positioning 

9 Information Systems – Technical 
Infrastructure Mapping 

Diagram representing the Information Systems 
and related Technical Infrastructure 

 
There are several types of results which produce by EA, land et al (2008) [63] 
discussed that results of EA might include tangible artifacts such as models and 
principles. Another type of results of EA are intangible results which are not 
measureable in nature such as shared understanding, improved decision making and 
holistic view of the enterprise. Since intangible results do not have physical value to 
be measured for a product or equipment, they can be very critical and important for an 
enterprise in order to achieve long term success. 
 
According to Bailey, Tangible results of EA process mainly consist of EA different 
models and related documentations. Two key types of EA model are as-is and to-be. 
As-is models usually used to identify and understand the dependencies in an 
enterprise along with providing comprehensive picture of executive summary. In the 
other hand to-be models usually construct to examine the impact of change in 
organization, sometimes to-be models acts as blue print for managing a change 
program. Bailey [64] defines the relation of these two models “to-be models will be 
developed to overlap a small part of a larger as-is model – for example to examine 
the broader impact of a change to a part of the enterprise. These hybrid models are 
sometimes called “transitional architectures”, because they support changes in the 
enterprise”. 
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Some of important models which produce by EA process are [65]: 
 

• Business architecture model which describe architectural structure of business 
• Component model illustrates the software components that will be used to 

build the system 
• Deployment model are used to represent the physical architecture of a system 

which describes different parts of enterprise 
• Detailed enterprise data model (EDM) represents graphical model of data 

which used by an enterprise 
• Enterprise business process model represent graphical view of business 

models and their relations 
• Enterprise use case model captures requirements of system  
• High level conceptual data model illustrate main concepts and principles of an 

enterprise in a simple way 
• Security models describing security policies in a formal way 

2.4.1 EA Artifacts 

Another work related to results of Enterprise Architecting is presented by [66]. They 
discuss EA artifacts and categorize them (tangible results) in six different rows based 
on Zachman framework, artifacts in each rows deliver desired artifacts related to that 
particular row’s goals. Artifacts refer to any product that created in EA process. There 
are two types of artifact which are lists and models. The artifacts in each row are 
described as follow: 
 
Row 1: Scope 
Artifacts in this row concerns about identifying all categorize of required elements 
that are important for an enterprise and potentially may be modeled. The main artifact 
type which produce by this row is list, each list belongs to one cell. The main purpose 
of this row is being sure about recognizing all fundamental elements of business 
environment of program. “Service locations” is an example of artifacts of this row 
which can be high level model like list of in-province and out-of-province. 
 
Row 2: Business Model (Conceptual) 
Artifacts of this row represent the business of enterprise. These artifacts should be 
understandable for all stakeholders. The main purpose of these artifacts is reaching to 
agreement among stakeholders for identifying business direction and how the 
enterprise works. For instance after identifying all type of locations of interest in row 
1,then in row 2 they will specify by name and how business enterprise owners plan 
for each one of them in order to relate to each other.   
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Row 3: System Model (Logical) 
Artifacts in this row represent the logical system of the enterprise such as 
implementation and technology neutral, usually all the enterprise systems describe in 
this row. System models should be logical with describing logically how the 
enterprise should design. Legal system, accounting system and Information system 
are some of artifacts which belong to this row. Actually this row plays as a 
transformation of business model into a working enterprise.  
 
Row 4: Technology Model (Physical) 
Artifacts in this row physically represent how the enterprise and related systems 
intended to build. It should be physically because it represents the design decisions 
that need to be exerting in order to implementing the systems of enterprise. 
   
Row 5: Detailed Representation (Out-of-Context) 
Artifacts in this row concerns about specifying tools for identifying solutions and 
determining capabilities in order to transformation to full implementation. These 
artifacts considered as “Out-of-Context” because tool-specific components usually 
built from specifications which provided to system developers and developers usually 
are not considered as part of enterprise structure. 
 
Row 6: Functioning Enterprise 
Since this row represents the actual enterprise there are no specific model associated 
with it.  

2.4.2 Benefits of EA 

Another term that can be considered as quite related to results of Enterprise 
Architecting is benefits of EA. In some articles results of EA refers to the benefits 
being realized by the use of the architecture [11]. Niemi [49] studied EA benefits 
based on literature review and a focus group interview. He first specified benefits 
which found in literatures and also agreed by the focus group and then categorized EA 
Benefits according to an Information Systems (IS) benefit classification model in four 
different groups which are Hard, Intangible, Indirect and strategic. Table 6 illustrates 
these four groups of benefits. The horizontal axis shows benefits from most 
quantifiable to least non-quantifiable and the vertical axis demonstrates benefits 
which can be accounted to EA or EA work. 
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Table 5 Benefit classification models [49] 

 
 

• Hard benefits refer to the group of benefits which can be quantified in reality 
and objectively for example can be measured by money, time or other numeric 
value. They can be reduced costs, shortened cycle time and economics of 
scale. In addition, they can consist of increased standardization, increased 
reusability by using the standards in EA and reusing of architectural models, 
description and documentation. Moreover they can include increased 
interoperability and integration. The hard benefits mainly consist of: 
 
 Reduced Costs 
 Shortened cycle times 
 Increase economies of scale 
 Increased Standardization 
 Increased Reusability 
 Increased interoperability and integration 

 
• Intangible benefits are placed in non-quantifiable and EA work part, it is not 

easy to measure them but can be related to EA and EA works. Here by using 
architectural models and descriptions a better insight of the enterprise can be 
obtained which can lead to supporting the decision making at the end. So 
intangible benefits consist of: 
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 Provides a holistic view of the enterprise 
 Evolutionary EA development and governance 
 Improved decision making can be as.  
 

• Indirect benefits refer to some aspects which can be measured but they are not 
related to EA and EA works in a strong way. It means that they can be related 
somewhat to the EA works but not directly, for example more efficient 
business process, customer orientation and improved management, better 
position in the market. Indirect benefits can be consist of: 
 
 Increased market value 
 Increased quality 
 Reduced complexity 
 Improved risk management 
 Improved staff management 
 Increased efficiency 
 Improved customer orientation 
 Improved innovation 
 Improved management of IT investments 
 Improved alignment with partners 
 Improved asset management 
 Improved business processes 
 

• Strategic benefits refer to the positive affect which can be understood in long 
term and can influence on many factors. These are not easily measured and 
also attributed to EA and EA works. These benefits can be: 
 
 Improved strategic agility 
 Increased stability 
 Improved change management 
 Improved communication 
 Improved alignment to business strategy 
 Improved business-IT alignment 

 

2.4.3 Enterprise Architecture Goals 

Another area that can contribute to identification of results of EA is research 
regarding to EA goals. There are broad ranges of goals related with EA, based on 
scholarly authors such as Schönher, Kappelman et al, Lankhorst, OP’t Land, Ross et 
al and Salmans & Kammelman. Schönherr divided EA goals into two groups; Internal 
and External.  The External goals refer to that range of EA goals which aim at 
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complying different regulative requirements e.g. SoX or Basel II. Expected results of 
EA depend on organization’s goals & objectives as well as stockholder’s demands. 
 
There are verities of EA goals which place in Internal EA goals classification such as 
[67]: 
 

• Business-IT alignment which try to consider to business requirement in IT 
implementation 

• Cost reduction which try to reduce both IT related and business process related 
costs 

• Standardization/ consolidation with the purpose of removing the complexity 
from architecture 

• Management/governance with the purpose of improving decision making  
• Agility for improving IT and process flexibility to be able to change easily to 

new business situation  
• Miscellaneous which support other business functions e.g. risk management 

 

In Lange and Mendling [67] research, the results of interviewing with enterprise 
experts and consultants about EA goals consist of Transparency to support business 
process and take a holistic view of the IT perspective, Complexity management in 
which they use the holistic view to manage the complexity, for example making 
standard the processes, governance or transformation/ IT management which means 
EA is used for managing both IT area and transforming the projects, Business/ IT 
alignment, which can be the main goal of EA and it can play as an important role in 
most of the environments. Agility is a goal that experts did not mention it many times, 
and it can works more for the topic of individual software applications rather than the 
EA. Innovation which needs the stable sets of capabilities that allows to implement 
the EA in an efficient way, in addition to supports situations in which architectural 
changes can happen and innovate the business and finally other business support e.g. 
risk management in addition to external goals. 
 
Land et al [63] after discussing about different results of an EA and introducing 
classification of the results of EA to “Final”, intermediate, tangible and intangible, he 
discussed about identifying several types of goals for which architecture results may 
be considered such as:  
 

• Specifying refers to making explicit the requirements and principles of the 
designs which are relevant to the enterprise. The specification limits from 
primary sketches and plan till detailed specification which can be the reasons 
for their earlier made decisions  
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• Deciding refers to a goal in which can support the people who can make 
decision in the process of decision making for example by giving 
understanding and vision into the issues, problems, questions and their 
outcomes along with results and possible reasons which they need to know 
and decide based on them 
 

• Informing notes that any stakeholder must be informed about the EA, its 
impacts and effects on the future and also its possible for reasoning  
 

• Contracting relates to the contract which suppliers work with it. In fact this 
goal provides a formal statement of the architectural requirements of 
enterprise components which is used by supplier. 

2.4.4 Preliminary EA aspects  

Different frameworks classify EA aspects according to their own viewpoints. In this 
way, Zachman framework introduced Scope, Business, System, Technology, Detailed 
representation and Functioning Enterprise. FEAF mentions Technology, Application, 
Data, and Business while C4ISR consider Operational, Systems, and Technical [75]. 
TOGAF recommends more views including Business Architecture, Data Architecture, 
Application Architecture, Technology Architecture, System Engineering, Enterprise 
Security, Enterprise Manageability, Enterprise Quality of Service and Enterprise 
mobility while other frameworks mostly use different viewpoints to show different 
aspects of a system such as Enterprise, Information, Computational, Engineering and 
Technology [76]. Hereunder we are going to explain some of the common aspects of 
EA according to several literatures. We will mention all following aspects in our 
survey questionnaire in order to find most important ones.   
 

• Business aspect:  
 
The main concept of business architecture is business process. A business process is a 
set of activities which are responsible for adding value over input objects producing 
output objects [77]. Business view shows a network of service functions which make 
relation between clients and servers. Business view is considered as the first and 
starting point for other views [74].  
 
Business view consists of vision, process, structure and behavior. Vision represents 
the structure of goals and the problems that have to be solved to achieve the goals. 
Process needs goals to define the processes which are necessary to reach the particular 
objective. Structure shows the Information, Products or services and resources in the 
business. Behavior helps to analyze possible state, behavior in each state and 
transactions between states. 
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• Organization aspect:  
 
Organization aspect is deal with the aspects which are directly related to the 
organization such as enterprise vision, mission, strategy and the definition of 
organization units.  Enterprise mission define why the organization exist or what is 
the purpose and value of directing the activities and guiding the employee’s activities. 
Mission also describes how the organization can expect to compete and   deliver value 
to the customer [77].  
 
On the other hand vision refers to the point that the organization want to achieve in 
the future through enterprise strategy and defining goals. The vision is a statement 
which is published publicly through which world can understand the organization. 
Enterprise strategy is selecting key actions in order to fulfill the enterprise vision in 
which the organization can create differences in marketplace to achieve an excellence 
.Organizational aspects also consist of some other concepts such as organizational 
units and policies in addition to human resource issues including people roles, carrier, 
goals and etc. [77]. 
 

• Technical aspect: 
 
Technology view concerns the technology which is necessary to support the 
organization as well as the specification and description of information and 
computational. The technological architecture considers the technologies used for 
application implementation, infrastructure and environment which are necessary for 
the establishment of the business process support systems [77]. 

The architecture of technology consider to the technological standards and principles 
comprising the description of existing technologies in the enterprise which can be 
beneficial for some reasons; the IT system is easier to learn for the personals, cost 
reduction, rise mobility in the company [78]. 

• Decision aspect: 
 
Decision viewpoints help managers in making decision. This view can provide insight 
about architecture relationships through analytical techniques [79]. 
 

• Information aspect: 
 
Information view focus about managing enterprise information which is necessary for 
helping all strategies, processes and decisions. Information architecture defines the 
issues which is necessary for organization to know for operating its processes. This 
can provide a logical picture of main information elements which are used in the 
business and their relation [77]. 
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• Function aspect: 
 
This aspect may include organizational and informational components which are 
relevant to functions [74]. Zachman defined different view point in different columns 
in which function is placed in the second column and describes and answers the 
question “how” with function and process. Function defines the process of 
interpreting the mission of the organization to the business and consecutively more 
detailed definitions of its operations. As a whole Zachman’s framework columns of 
functions are used to represent Application Architecture [76]. 
 
The business function viewpoint represents the key business functions of the 
organization and their relationships in the perspective of the flows of information, 
value, or goods between them. Business function defines the constant statement about 
a company such as the main activities which organization accomplish irrespective of 
organizational changes or technological developments. Business function viewpoint 
can be used to structure an organization based on its main activities [80]. 
 

• Economic aspect: 
 
Economic aspect allows cost and performance evaluations and comparisons [33]. To 
take the economic aspect into consideration should choose various investments 
depends on the objectives which often have conflict with each other. More over 
economic evaluation is necessary for technical solution specification for example 
calculation of the cost of the solution, performance measures of the solution and 
comparison of the solution costs with the budget [81].  
 

• Resource aspect: 
 
Resources (including human resources) are modeled in the Resource view (i.e. human 
resources are recognized and their capabilities are described). The GERA Resource 
view is covered through hardware/people aspects in the GERA Requirements, 
Architectural Design phases and through Software aspects at the GERA Detailed 
Design and Implementation phases [34]. 
 
The resource view indicates the resources (humans and technical agents as well as 
technological components) of the enterprise which are used in the process of the 
enterprise operations. Resources will be allocated to activities based on their abilities 
and will be designed into resource models [81]. 
 
Curtis et al defines resource view as where and by whom processes are performed, 
physical communications mechanisms, storage media and locations. Presley, Huff et 
al. 1993 describes resource view the resources and capabilities managed by the 
enterprise [82].  
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3 Methods 
In order to do a research study to find out answers for a question, in fact you are using 
a framework with specific  approaches, procedures, methods and techniques which 
test the validity and reliability of the research to make sure that the research will be 
disinterested, and objective [68]. In this chapter we explain our research methods 
which have an important role to obtain the answers of this research’s specific 
problems in addition to be sure about the quality and validity of our work. 

 

3.1 Research methods 
There are different types of research approaches such as application of research study, 
objectives in undertaking the research and inquiry mode employed. The inquiry mode 
consists of quantitative and qualitative approaches. These two recent kinds of 
approaches are two major types of research approaches [69]. 

Quantitative research: In this type of approach all the requirements to conduct the 
research such as objectives, designs and questions which will be asked during the 
research process is decided formerly. This way is useful when a problem, issue or 
thing need to be measured by quantifying the alteration. For example how many 
people are involved in this specific problem? Quantitative research applies when there 
are collection and analysis of numerical data. It pursue a scientific method and 
emphasize on collecting quantifiable evidence, controlling variables and then going 
for generalizing the results and providing the new statement. Analysis of numerical 
data and using of statistics are characteristic of the quantitative research. The statistics 
apply to certify or reject the results which are obtained by analysing data [70]. 

Qualitative research: This way is more suitable for finding out about the essence and 
nature of an issue, thing and problem without numerical measurement of them or 
when the main objective of the research is going to explain about the alternation in a 
particular situation, condition, attitude or a phenomenon. McMillan & Schumacher 
defined qualitative research as, “primarily an inductive process of organizing data into 
categories and identifying patterns (relationships) among categories.” This definition 
implies that data and meaning emerge “organically” from the research context. 
Qualitative research method consists of following characteristics [69]: 

     • Seeks answers to a question 

     • Systematically uses a predefined set of procedures to answer the question 

     • Collects evidence 

     • Produces findings that were not determined in advance 

     • Produces findings that are applicable beyond the immediate boundaries of the 
study 
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3.1.1 Research design  

Both of these two types of research method have their own strength and weaknesses. 
Many studies need to combine both quantitative and qualitative approaches [71]. In 
our study, the aim of the research is to investigate about different enterprise modelling 
methods and finding out about different characteristics of them as well as exploring 
about different EA frameworks and finding out different aspects of them.  

In addition our desire is to validate the results of EA and goals and use the survey 
questionnaire for collecting data which consist of both close-ended and open-ended 
questions. Open-ended questions mean that the respondents can have a choice to say 
their own answers and expression. These kinds of data are hard to measure and they 
need qualitative way to explain. On the other hand in our study there are some data 
and questions which need to quantify and measure so they need the quantitative type 
of research. Respectively to the explanation above in order to conduct our research we 
are interested in using both qualitative and quantitative research methods to collect 
and analysis our data. 

In our study we have two different ways to get our required data. We use empirical 
way with the help of survey for validating EA important aspects and results of EA. In 
order to study and investigate about the usefulness of EMMs for creating EA, we use 
theoretical way by reviewing literature. Following table illustrate our research design 
briefly.  

Table 6: Research Design 

Required Data Gathering way 

1- EA Important aspects 
2- Essential results of EA 

Survey 

3- Usefulness of EMMs Literature 

 
We do not choose survey to validate the usage of EMMs in EA because most of the 
companies in our target population most probably do not use EMMs. Based on our 
literature review, most of the related materials and papers did not mentioned clearly 
and directly about using EMMs in creating EA or which EMMs are more appropriate 
to create EA. Consequently, most of the companies probably do not have enough 
information to answer related questions. 
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3.2 Data Collection Techniques 
Creating EA is the involvement of EA architects and professionals working arranged 
in a real situation and environment. The EA Committee is responsible for developing, 
maintaining and evolving the organization’s architecture. In order to understand EA 
process and how these professionals work, we should study EA as how it works. In 
order to get information and required knowledge about EA, variety methodologies 
and data collection techniques are available. In such case, we decided to go for 
literature review and survey questionnaire as direct techniques to colleting primary 
data from participants.     

3.2.1 Literature Review 

A literature review mainly consists of both summary and explanation of the 
comprehensive and current state of knowledge and information about a particular 
topic which found in academic books and journal articles. The form of literature 
review is various in different types of studies, but the basic purposes remain constant: 

• Acquire an understanding about the research topic for providing starting point 
for readers 
 

• Justify the research 
• Provide a context about what has already been done on the research subject 

and illustrate how the subject has been studied previously  
• Highlight flaws in previous researches 
• Show how and where the research fits to the body of current knowledge 

 
This phase of our thesis mainly focus on establishing a background which consists of 
required knowledge about our thesis subject in order to motivate our work. It includes 
different concepts of EA and EM along with explanation of different EA frameworks 
and EM methods, and what kind of results can be expected from EA.   

3.2.2 Survey  

Before discussing about questionnaire and explaining its formulation, we need to 
know what a survey is and how it accomplishes.       

“A survey is a means of gathering information about a particular population by 
sampling some of its members, usually through a system of standardized questions. 
Surveys can be conducted by mail, telephone, personal interview, or Internet. They 
can be administered either to individuals or groups. The primary purpose of a survey 
is to elicit information which, after evaluation, results in a profile or statistical 
characterization of the population sampled. Questions may be related to behaviors, 
beliefs, attitudes, and/or characteristics of those who are surveyed. (Informational 
Brochure, 2012) [72]” 
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As we mentioned above we use questionnaire for our study. There are two types of 
questions for survey, Open-ended and Close-ended questions. Open-ended questions 
refer to those questions which seek for additional information from participants. It 
also called infinite response question. In the other hand close-ended questions are 
those questions that can be answered by “Yes” or “No” or in a few words. We used 
both type of questions in our survey questionnaire. In order to measure responses we 
used a semantic scaling technique which consists of four options “very 
familiar/useful”, “somewhat familiar/useful”, “not too familiar/useful” and “not 
familiar/useful at all”.  
  
Another essential issue in using survey questionnaire is publishing and administrating 
the survey. There are different methods for it such as: 
  

• Self-administered questionnaire (using internet) 
• Telephone survey 
• One-to-One Interview 

 
In our study we used Self-administered questionnaire by using 
http://www.questionpro.com, it’s a survey distribution website which allow users to 
create survey along with providing appropriate tools to analyzing the result. One of 
the advantages of using Self-administered questionnaire is being able to collect data 
from different geographical areas. In order to achieve quality work, we tried to read 
and evaluate related previous studies in this subject to determine how they collected 
data for their research and what type of questions helped them more to achieve 
appropriate results. We tried to use easily understandable questions to not make 
confusion for participants and help them to answer questions properly.  

3.2.3 Formulation of questions 

In this part we are going to explain the purpose of each question in our questionnaire. 
Our survey consists of three different sections and eleven questions. First section 
consists of six questions which aim to gather general information about the 
participants and their organization, which help us to categorize responds with respect 
to participant’s position in organization, size of organization, their knowledge about 
EA and the EA frameworks has been used. In the following you can see first section 
questions: 
 
Question 1: Which best describes your current position? 
The purpose of this question is separating participants with respect to their current 
position in organization, there are eleven options and if their position is not in the list, 
there is a free text field at the end of the options which allows participate to write 
his/her position in organization. We tried to send survey invitation to positions that 

http://www.questionpro.com/
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most probably have more knowledge about EA in their organization like CEO, CIO, 
CTO, IT managed and etc. 
 
Question 2: Number of employees in IT department in your organization? 
The aim of this question is to categorize participants with respect to number of 
employees in their organization. The size of organization is important for our study 
because responds from medium and big organizations are more appropriate.  
 
Question 3: How familiar are you with Enterprise Architecture? 
This question helps us to know the knowledge of participants about EA. There are 
four options for this question which are “very familiar”, “somewhat familiar”, “not 
too familiar” and “not familiar at all”. In our study we do not take those responds that 
are “not familiar at all” with EA. 
 
Question 4: Do you have Enterprise Architecture in your organization? 
The purpose of this question is separating organization with respect to existence of 
EA in their organizations. We assume responds from those organizations that already 
have EA are more appropriate for our study. Moreover this question is preparation for 
the next question.   
 
Question 5: Have you ever used any of Enterprise Architecture Frameworks in your 
organization? 
The purpose of this question is to investigate that participate have used any EA 
frameworks in their organization or not. It can be known EA frameworks like 
Zachman, FEAF, TEAF, TOGAF and etc., or their own frameworks.  
 
Question 6: Which Enterprise Architecture Framework have been used in your 
organization? 
This question helps us to know which EA framework has been used by participants. It 
is important for our study to know which framework has been used by participants, 
because different EA framework concerns about different EA aspects.   
 
In section 2, we have two questions which concerns about gathering information 
about participants expectation before building EA for organization. Section 2 
questions are: 
 
Question 7: Which goals do you expect to achieve when introducing EA in your 
organization? 
This question helps us to know main goals of participants for using EA in their 
organization. 
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Question 8: Which aspects of functioning would you expect to be grasped by EA 
framework? 
The aim of this question is finding out the most important aspect of EA from 
participant’s view. 
 
Section 3 mainly focuses on results of EA; this section consists of three questions 
which concerns about gathering information about results that participants got from 
EA. Section 3 questions are: 
 
Question 9: Which documents/artifacts are produced and used within EA? 
Documents and artifacts are important type of results of EA; this question mainly 
focuses on gathering information about this type of results which produce by EA. 
There are eight options for this question along with a free text box which allows 
participants to write other documents or artifacts.  
 
Question 10: Which type of models produced by EA? 
Models are important result of EA. The aim of this question is gathering information 
about different models which produced by EA in their organization. There are eight 
options for this question along with a free text box which allows participants to write 
other models.    
 
Question 11: How useful do/did you find Enterprise Architecture Framework in 
different perspectives? 
 This question consists of seven different organization’s perspectives such as 
“Business efficiency”, “Business governance”, “Operating cost”, “Enterprise 
decision making”, “IT governance”, “Data Integrity”, “Risk management”, there 
four options for each perspective which are “very useful”, “somewhat useful”, “not too 
useful” and “not at all useful”. The main purpose of this question is to understand how 
useful or not useful EA was in different organization’s perspective 

3.2.4 Validation of preliminary findings 

The main objective of our survey is validating following issues: 
 

• Validating essential EA aspects: Question 8 in our survey concerns about 
validating essential EA aspects. EMMs have the ability of representing all 
aspects of EA. In order to conduct advantageous final results we need to be 
sure that we have considered all the important and essential aspects of EA.  
 

• Validating our classification of results of EA: We have three questions in our 
survey which help us to find out about important results of EA and 
subsequently validate our classification which classify results of EA to 
tangible and intangible categorizes.  
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Following table shows the aim of relevant questions for validating our preliminary 
findings. 

Table 7: Validation of preliminary findings 

Questions Related preliminary findings 
Which Enterprise Architecture 
Framework has been used in your 
organization? 
Which aspects of functioning would you 
expect to be grasped by EA framework? 

 
 
Validating essential EA aspects 

Which goals do you expect to achieve 
when introducing EA in your 
organization? 
Which documents/artifacts are produced 
and used within EA? 
Which type of models produced by EA? 

 
 
 
Validating essential results of EA  

 
 

3.3 Finding Population 
Finding population is also an important phase in a research study to obtain the 
answers of questions in better and more accurate way. Because of our subject, it is 
better for us to find those companies which are big in size. Our assumption is that 
existence or awareness of EA in a company depends significantly on the size of 
company. We assume that small companies most probably did not use EA and they 
are not that much familiar with the concept of EA and EM in practical way, so that, 
they are not able to answer the questionnaire properly. Keeping in mind that we need 
professions more to answer these questions, try to find companies which most 
probably have IT department and IT professions in their organizations. In our survey 
invitation we asked the recipient if you are not the right person in your company to 
complete this survey, please forward this survey invitation to colleagues who work as 
CEO, CIO, CTO, IT Manager or System Architect. In our study we don’t take those 
responds that are “not at all familiar” with EA. 

In order to define our sample we took some companies which are in Sweden. There 
are some website in which you can have access the information about professional 
and expert companies such as http://www.linkedin.com, http://www.eniro.com . For 
each company first we read the description about companies or the “about us” part of 
their website to get information about the size and type of company and usage IT in 
their organization and then try to find the email contact to send the questionnaire to 
them. 

 

http://www.linkedin.com/
http://www.eniro.com/
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3.4 Evaluation Methods 
Evaluation methods and the data which are collected, categorized into two groups 
including qualitative and quantitative. While qualitative methods take the descriptive 
data, quantitative methods make numeric data. In practice, many researchers and 
evaluators use mixing these two techniques together to provide more precise 
perception of a research project’s performance. Quantitative data can be the answer of 
why and how of your research problem and qualitative data are able to answer he 
what, who and when.   

Different data are collected by different techniques, for example in our research 
quantitative data are collected by close-ended questions in the questionnaire and 
qualitative data are gathered by open-ended questions in the questionnaire. Also they 
need different ways to analyze, statistical analysis are applied for analyzing 
quantitative data and non-statistical analysis or methods can be used for analyzing 
qualitative data. By quantitative data, the answer can be generalized considering that 
selecting the sample is well designed.  

Evaluation methods refer to the methods which are used to validate the results of the 
research. In our research we used both kinds of techniques for collecting data and we 
used both kinds of questions, so evaluation is used to compare different methods 
based on the results which are collected from several professional and companies 
from different areas. For each question the answer from different participants are 
computed, in addition we check all the answers written by the participants in the free 
text area. Afterward study the detail of them and recognize the adaptability methods 
to show the participants viewpoints. Finally our analysis is finished with the usage of 
reliability, internal and external validity. 
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4 Results and Analysis 
4.1 Results 
In order to ensure about proof of our interest we established a questionnaire with 
respect to different EA aspects and different EMM.  The main purpose of these 
questions for us was that we could use and translate responds to conclude, and analyze 
them regarding to our research subject.  Based on that, we selected our population 
between medium and big companies which are most probably use IT in their 
organization. We assume that in medium and big companies or the companies which 
use IT, there might be knowledge about EA or EM and they might answer the 
questions better and accurately. 
 
We sent our survey to our research sample which is 200 companies located in 
Sweden. At the end we got 29 answers in which 25 of them was completely done. The 
raw data of our survey questionnaire is available in Appendix 2. Our analysis method 
is based on inductive analysis which helps us to validate our preliminary findings 
through survey results. Inductive analysis refers to reasoning for providing strong 
evidence for the truth preliminary assumptions or findings. Although it is not easy to 
conclude from not a large sampling, we try to consider about generalizing, grouping 
and categorizing the responses with the aim of helping our research findings. 
 

 
Figure 16: Responds Rate 

 
It was important for us to collect data from people who have knowledge about our 
research focus. We have received answers from different types of professionals, for 
example, 41.38% of them were CEO of the companies and next highest professional 
or 13.79% was consultant in the organization. In addition we received some extra type 
of positions which we did not mention in our questionnaire. 10.34% of the total 
answers were other positions which consist of offshore manager, Consultant/ 
Enterprise Information Architect and Head of Finance. We did not receive any 
information from people who work as Quality Assurance Engineer, Operations/ 
Support Engineer or System Architect. 
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Figure 17: Respondents Position 

Another important issue to bring up in our questionnaire was number of employees in 
IT department in target companies to categorize participants with respect to number of 
employees in their organization. Here 64% of the answers are between 1-10 persons 
in IT department, 20% of them are between 11-50 persons, 12% of them are 51-100 
persons and 4% of them are 101-500 employees. 

 
Figure 18: Respondents Position 
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4.2 Survey Analysis 
Analysis section like our questionnaire consists of three main parts which are 
“Existence/Awareness of EA and consumption of different EA frameworks”, 
“Expected outcomes of building EA for organization” and “Achieved outcomes of 
building EA”. The aim of this section is analyzing survey results from different 
perspectives to get appropriate information for creating final table which illustrate the 
relation of different EA aspects which different EMMs.  

4.2.1 Existence/Awareness of EA and consumption of different EA 
frameworks 

In this section we study the familiarity of participants with the EA concept. We are 
willing to know if they have EA in their organization, their experience of using EA 
frameworks and which kinds of EA they are familiar with. In fact this section will 
provide general information about the respondents knowledge about EA and EM in 
order to help us to provide accurate analyze and conclusion of our research. 

4.2.1.1 Existence and awareness of EA 
In order to compare different survey results with each other, we used different 
categorization based on survey questions. First of all, we categorized organizations 
based on the existence of EA in their organization; in our population approximately 
40% of organizations already have EA, whereas at the moment 60% of organizations 
don’t have EA in their organizations. 
 

 
Figure 19 : Exitence of EA 

we categorized respondents with respect to their familiarity about EA, there were for 
options for indicating their familiarity with EA, we find approximately 24% of 
participants are very familiar with EA and related concepts, 32% of participants are 
somewhat familiar, 12% of participates are not too familiar and 32% of them are not 
familiar at all.   
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Figure 20 EA Familiarity 

 
 
With the help of above mentioned analysis, we can see that approximately 68% of 
participants are somehow familiar with EA concepts and able to give us appropriate 
result for our research. Those participants that are not familiar at all with EA, cannot 
answer questions properly and not qualified to be part of our research, so we decided 
to not use their responds. Moreover we can see approximately 60% of organizations 
in our population do not have EA in their organization, but only 32% of them are not 
familiar with EA.  
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Figure 21 :  Represents the familiarity of organizations with EA with respect to the 
organization size 

 
Figure 22 : Represent the existence of EA in organization with respect to number of 

employees 
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Comparison of above figures show that size of an organization has direct impact in 
their knowledge and usage of EA, majority of very familiar with EA category are 
those organizations who have between 101 to 500 employees with approximately 
50%, whereas majority of not to familiar and not at all familiar with EA categories are 
small companies with 1 up to 50 employees. We analyzed that approximately 100% 
of organizations with 101 to 500 and 51 to 100 employees have EA in their 
organization, whereas only 18.75% of organizations with 1 to 10 employees have EA 
in their organizations. 

4.2.1.2 Usage of EA frameworks 
Results of this question help us to categories organization regarding presence of EA in 
their companies. The responses show that 40% of our respondents have EA in their 
companies and the rest of them or 60% of them don’t have EA in their organization. 
 

 
Figure 23: Companies have EA 

 
 
 
 
 

4.2.1.3 Applied EA frameworks 
We analyzed that approximately 45% of organizations use EA frameworks and 55% 
do not use EA frameworks. In 45% of organization who has EA, approximately 10% 



 

65 

use Zachman framework,  3% use FEAF, 10% use TOGAD, 10% use Gartner, 10% 
use other EA frameworks which can be their own framework and no one use TEAF. 

 

 
Figure 24: Ratio of Organizations with respect to their usage of different EA 

framework 

 

4.2.2 Expected outcomes of building EA for organization 

Another objective of this research was to investigate about organizations expectation 
from EA, the result of this investigation can help us to understand what are the main 
goals and expected result of implementing EA in their organization and by having this 
knowledge we will be able to steer our research to the way of finding relation between 
different EA aspects and different EMMs with respect to desired outcome.   
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4.2.2.1 Expected goals of introducing EA 

We analyze the goals which organizations follow in their companies. Each company 
may have different goals but results show following goals; improve enterprise 
decision making by 8.33%, Business efficiency/transformation by 7.29% and Improve 
IT governance by 7.29% are the most popular goals. 9.38% of respondents choose 
others but they did not mention what goals exactly they expected. Other mentioned 
goals like Reduce operating costs, Improve data integrity, and Ensure continuity of 
organizational knowledge and Improve communication got 6.21% of selections.  

Results show following goals; reduce waste, Support multi-vendor projects, Support 
system integration and Improve risk management got 5.21% of the selection, Improve 
strategic agility, Reduce technical complexity and Promote common technical 
infrastructure are in the next stage with 4.21%. At the end Improve business 
governance  with 3.12%, , Support outsourcing initiatives  with 3.12%, Improve 
technical integrity with 2.08% and  Increase effectiveness of audit compliance with 
1.04% are least important ones. 

 

 
Figure 25: Expected Goals 
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4.2.2.2 Expected aspects of functioning EA 
The aim of this question is investigating about importance of different EA aspects, 
this question in our survey is an open-ended question which allows participant to 
specify other aspects which are not in list and participants are able to choose more 
than one aspect, in this case approximately 15.87% choose “Other” and specified 
aspects like Organization Learning and Knowledge generation as their desired 
aspects. We analyzed that approximately 15.87% Business aspect, Technical aspect 
and Information aspects with approximately 12.70% are the most important ones. 
After these aspects, Organization aspect with 11.11%, Decision Making aspect and 
Economic aspect with 9.52%, Dynamic modeling aspect with 7.94%, Function aspect 
with 6.35% and the least important aspect is Resource with 1.59%.  

 

 
Figure 26 : Desired EA frameworks aspects 

 
Following bar chart illustrate the importance of different EA frameworks aspects with 
respect to organization size. We analyzed those organizations with 1 to 10 employees 
trying to focus more on Information, Business and Technical aspects of EA 
frameworks, while bigger organization with 11 to 100 employees mainly focus on 
Organization, Technical, Decision making and Information aspects of EA 
frameworks. The most important aspect for bigger organizations with 51 to 100 
employees is Business aspect which follows by Organization, Technical, Decision 
making and Dynamic modeling aspects. As above bar chart shown, big companies 
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with 101 to 500 employees mainly focus (14.29%) on Business, Organization, 
Technical, Information, Function, Economic and Dynamic modeling aspects. 
 

 
Figure 27 : Represents the importance of different EA frameworks aspects with 

respect to organization’s size 

 

4.2.3 Achieved outcomes of building EA 

As we analyzed in previous chapter organizations have different expectations and 
goals from implementing EA in their organizations. In this chapter we analyzed 
different results of EA which gained from EA. This chapter consists of three main 
parts; first part concerns about analyzing produced and used documents within EA. In 
the second part we analyzed different models which produced by EA, and in the last 
part we investigate and analyzed the utility of EA in different organizational 
perspectives. 

4.2.3.1 Produced and used documents/artifacts within EA 
We analyzed the produced and used artifacts in EA process. These three options; an 
inventory/list of existing systems, current state models and reference architecture got 
the 12.5% which is the highest rate of selection. After those options stands two other 
choice; architecture principles for development teams and definition of business 
goals/drivers/objectives with 10.71% rate. Then there are two option; overall strategy 
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(corporate and IT strategy) and development guidelines with the rate 8.93%.  “To be” 
models get 3.57% of all. There is also “other” option which respondents could specify 
their own selection which is 19.64% but just two respondent specified their selections. 
They mentioned automatic program coding and information architecture strategy. 
 
 

 
Figure 28: Produced Documents/ Artifacts 

 
 
 
 
 

4.2.3.2 Produced models by EA  
Here, we identified models which produced by EA. This question in our survey is an 
open-ended question which allows participant to specify other models which are not 
in the list and participants are able to choose more than one model; in this case 
approximately 17.86% choose “Other” and specified other models which produced by 
their EA like Rich Business Information Models, Business Capability Maps and 
system maps. 
 
We analyzed 56 models has been choose by 18 participants, Business architecture 
model as a corporation of business, documents and diagrams to describe architectural 
structure of a particulate business, by approximately 16.07% is the most produced 
model by EA. Approximately 14.29% belongs to component model; High-level 
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conceptual data model with approximately 12.50 % is the third most produced model. 
Whereas Security model, Deployment model and Enterprise business process model 
by 8.93%, Enterprise use case model by 7.14% and finally Detailed Enterprise data 
model (EDM) by 5.36% are the next most produced models by EA. Following pie 
chart illustrate produced models by EA in graphical way. 
 

 
Figure 29 : Produced models by EA 

 

 
The following bar chart shows produced models by EA with respect to used EA 
framework. As you can see Component model and Enterprise business model is the 
most produced model in Zachman framework, FEAF framework equality produced 
Business architecture model, Component model, Deployment model, and High-level 
conceptual model and security model for organization.  
 
TOGAF frameworks mostly produce Business architecture model more than any other 
frameworks, whereas Deployment model, High-level conceptual model and security 
model also produced by TOGAF equally. Gartner fretwork is the only framework 
which almost produced all mentioned models, while Component model and High-
level conceptual model have bigger value in this framework. As we can see EA with 
not any particular framework mainly produced (48%) Other models, Component 
model, Business architecture model and Deployment model are the next most 
produced models when no EA framework has been used.  
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Figure 30 : Produced models by EA Frameworks 

 
 

4.2.3.3 Utility of EA in different organizational perspectives 
We analyzed how useful is the use of EA in the organization. There can be several 
perspectives to use EA for different organization. Our analyze show that the business 
efficiency and IT governance with 25% of very useful selection have the highest rate 
and risk management with 16% has the lowest rate. 
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Figure 31: Usefulness of EA Perspectives 
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4.2.4 Classification of results of EA 

After reviewing related articles and materials about results of EA and related 
concepts, we strongly believe that existing studies regarding EA benefits; goals and 
artifacts can contribute in identification of results of EA. In our point of view it is 
possible to classify results of EA into two categories which are tangible and intangible 
results. Intangible results means the set of results which are not quantifiable with 
number, cost or etc., but the tangible results are the ones that can be measured by 
number, cost or etc. Further we are going to validate our classification of results of 
EA in order to clarify the relation of EMMs with EA based on different expected 
results. Table 7 shows some examples of related results that each category might 
include. 

 
 

Table 8 : Results of EA classification 

Tangible results Intangible results 
 

• Current state models 
• Development guidelines 
• Reference architectures 
• Business architecture model 
• Detailed enterprise data model (EDM) 
• High-level conceptual data model 
• Security models 
• Reduce operating costs 

 
 

 
• Improve business efficiency 
• Improve business and IT governance  
• Improve enterprise decision making 
• Reduce technical complexity  
• Improve communication 
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4.3 EA important aspects and results of EA 
As we mentioned before we use survey to validate two main issues in our study which 
are selecting important aspects of EA and expected results of EA. In this section we 
present our empirical findings which derived from our survey. First, as you can see in 
table 9, five of EA aspects that we mentioned in our survey got the higher ratio 
compare to others. 

Table 9: EA important aspects 

EA aspects Rate of Selection 

Business                          12.70%           

Technical                         12.70%           

Information                         12.70%           

Organization                         11.11% 

Decision 
Making  

                        9.52% 

 
The second aim of our survey is validating results of EA to find out about important 
results of EA and subsequently validate our classification. Table 10 illustrates 
our empirical findings about results of EA. Based on literature, results of EA can be 
categorized in different groups such as documents/artifacts, models and goals. 
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Table 10: Results of EA 

 Documents/Artifacts Models Goals 

Tangible Intangible            Tangible  Tangible Intangible 

Results 
of EA  

• List of Existing Systems 

• Architecture principles of 
development teams  

• Current state models 

• Definition of business 
goals/drivers/objectives 

• Development guidelines 

• Reference Models 

• Overall 
strategy 

• Business architecture model 

• Component model 

• Deployment model 

• Detailed enterprise model 

• Enterprise business process 
model 

• Enterprise use case model 

• High-level conceptual 
model  

• Security model 

 • Reduce 
operating costs 

• Reduce waste 

• Promote 
common 
technical 
infrastructure 

• Improve 
technical 
integrity 

• Improve data 
integrity 

 

• Improve 
business 
governance 

• Improve 
enterprise 
decision 
making   

• Reduce 
technical 
complexity 

• Improve IT 
governance 

• Improve 
communicat
ion 

• Improve 
Business 
efficiency  
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4.4 Usefulness of EMM 
In this research we tried to show that in order to be able to use EM for providing 
needed information and models for building EA to achieve expected results of EA, 
it’s important to know which EMM is more suitable for a particular EA aspect, and 
documents and models which provided by a particular EMM is more appropriate for 
which EA aspects. For this reason we provided a table in which columns represent 
essential aspects of EA based on survey results. In addition, we divided EA aspects to 
two different results of EA based on our classification. We classified results of EA in 
order to get more accurate results in our investigation. The rows in the table show 
different EMMs which we have explained in theoretical background part. Then based 
on mentioned information about both EMMs and EA aspects in theoretical 
background and further investigation in the papers and documents, we tried to find 
evidence that if EMMs are helpful in any of EA aspects and subsequently creating 
results of EA which can be either tangible or intangible. Results of analysis part help 
us to concentrate on important and significant issues of EA in our investigation, 
results of survey indicate the important expected results of EA for organizations 
which help us to consider these essential results when we are investigating about 
different EMMs. If we found any evidence check the cell if not, write a dot to show 
we could not find any information about it.  

Among mentioned EA aspects in theoretical background part, some of them have 
been chosen by responds in our survey. The survey questionnaire was employed to 
validate the EA aspects. Based on survey responses following aspects; Business, 
Organization, Technical, Information and Decision making have been selected as 
most important aspects.  
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Table 11: Usefulness of different EMMs for modeling of important EA aspects 

EA 
 Aspects 

 
 
 
 
 
 
EMMs 

 
  Business Aspect 

 
Organisation 

Aspect 

 
Technical Aspect 

 
Information Aspect 

 
Decision Making Aspect 

 
Tangible 

 
Intangible 

 
Tangible 

 
Intangible 

 
Tangible 

 
Intangible 

 
Tangible 

 
Intangible 

 
Tangible 

 
Intangible 
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IDEF0 is a modeling method which used to produce a model or structural 
representation of functions of a system, along with information and objects which are 
tied to those functions. When we say system it can be any combination of hardware, 
software and people. IDEF0 mostly consists of diagrams and text pages. The main 
components of IDEF0 are diagrams; each diagram has a particular document for 
describing and explaining how to read it. IDEF0 by providing diagrams which 
describe the relation of how an organization create, deliver and capture value; covers 
the tangible side of business and organization aspects, while the intangible aspect of 
business cannot be covered efficiently due to not providing appropriate intangible 
business results. Intendancy of IDEF0 models for being interpreted by sequence of 
activities and difficulty of creating detailed model at an early stage make IDEF0 not 
so much useful from organizational point of view [83].  
 
One of IDEF0 strengths is the efficiency of models in system activities, each activity 
in IDEF0 can be described by different characters such as inputs, outputs, controls 
and mechanisms, with the help of these models and diagrams IDEF0 can produce 
efficient results from technical point of view in both tangible and intangible results. 
IDEF0 is good at representing information, which makes it useful for information 
aspect but has no data storage notation. From decision making aspect IDEF0 by poor 
sequential representation and poor logical representation is not able to provide 
efficient result for this aspect [13].  
 
IDEF2 is a simulation modeling to support decision making in solving complex 
problem in different application area [15]. This modeling language can support the 
decision making aspect in tangible and intangible way by providing graphical model. 
By using simulation modeling the system need not exist and can describe time-
varying behavior and dynamic relationship to analyze their possible effect on the 
existing or imaginary system. This leads to a better understanding of system 
operations and management policy. The potential benefits of using simulation 
modeling can be established in manufacturing, Information system analysis, planning 
and design [26]. Based on the three level of modeling methods division discussed by 
Shen et al, IDEF2 is placed in the third and last level of modeling method which 
includes particular modeling methods for individual views. It classified in dynamic 
modeling group [13]. 
 
CIMOSA as an EMM supports the description and explanation of enterprise form the 
management level to detailed level. Rathwell [84] defines CIMOSA as “a model-
based enterprise engineering method which categorizes manufacturing operations into 
Generic and Specific functions. These may then be combined to create a model which 
can be used for process simulation and analysis. The same model can also be used on 
line in the manufacturing enterprise for scheduling, dispatching, monitoring and 
providing process information”. CIMOSA provides a framework to guide users in 
modeling business requirements, deriving enterprise system design and 
implementation, and to support vendors in system component development [27]. 
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CIMOSA covers business aspect of an enterprise by providing comprehensive 
business models and specifying different related requirement in a relational way 
which brings tangible and intangible results from business point of view. Zelm et al 
[27] Discusses that CIMOSA concerns about analyzing and structuring identified 
information and organizational aspects. Identified Enterprise objects based on the 
objects views are arranged in ERA diagram along with relations between them. 
Identifying different Enterprise objects and their views along with their relationship 
with different Enterprise Activities Inputs and Outputs are the basis for the 
information model. CIMOSA framework does not provide specific model for decision 
making aspect but results of different parts of framework are good enough to provide 
efficient intangible results which are useful for decision making process in an 
enterprise [85].   
 
GERAM builds on CIMOSA, GIM and PERA concepts. This is an ISO standard 
modeling framework [82]. GERAM provides reference architecture, GERA, which 
summarize the main points and principles for EM and engineering. In fact, it was 
created by uniting and comprising three reference architecture including CIMOSA, 
GRAI-GIM and PERA. The architecture is formed through three axes; Life-cycle, 
Generic levels and views. Views refer to different modeling views which are 
considered to control the complexity in each special model. These different views 
consist of function/process, information/object, resource/agent and 
organization/decision [33]. 
 
Function view shows the functionalities or activities and behavior of the business 
process as well as decisional, transformational and support activities. Resource view 
demonstrates the resources of an enterprise such as humans and technical agents in 
addition to technological components. The organization view shows the 
responsibilities and authorities on all existence of other views including processes, 
information and resources [81]. One of the axes refers to the three different 
manufacturing parts or technical, control and maintenance. The technical management 
system concentrates on the information and knowledge objects of control and 
maintenance, and describes the required elements for optimization of manufacturing 
system in enterprise stage [33]. 
 
GERA specifies human roles (organization, responsibilities, etc.), process and 
technology for the partial models. GERA’s emphasize on partial model can cover 
technology oriented IT systems and integrating services [34].  GERAM is placed in 
top level of modeling methods classification, which provides generalized reference 
modeling frameworks and methodologies to help, design and analyze a system for a 
complete life cycle [13]. Based on the information GERAM can be helpful in 
providing tangible and intangible result in every different aspects presented in this 
table. 
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The GRAI method is part of EM domain and mostly focuses on decisional aspect. The 
application of GRAI method from general point of view is trying to achieve 
performance improvement. The GRAI method is based on a conceptual reference 
model by using two different graphical tools along with a structured approach. 
Reference model in GRAI method consists of three sub-systems which are Physical, 
Information and Decisional. GRAI method has two main graphical tools which are 
GRAI grids and GRAI nets. GRAI grid provides a table of row and columns, columns 
are responsible for presenting types of function and rows contain different time scales 
related to a particular function. In order to represent the relationships between 
decision centers GRAI grid uses two different arrows, simple arrow represents an 
information link and double arrows represent a decision link. GRAI nets as another 
graphical tool in GRAI method is responsible for describing the structure of different 
activities in decision centers which identified by GRAI grid. The main elements of 
GRAI net are activities; every activity contains an initial and final state. Each activity 
requires support of information in order to produce results, results of each activity can 
be the connecting resource or use as input for another activity [86].  
 
The GRAI method by providing an efficient and comprehensive framework and its 
ability to provide modelers can efficiently model the decision making system of an 
enterprise [87]. As we mentioned above reference model in GRAI model consists of 
three subsystems which are Physical, Information and Decisional. Physical systems 
contain all components of CIM system which are machines, workers and techniques 
that is similar to resource and organization system in other architectures. Information 
systems try to make and form a link between physical and decisional systems along 
with their environment. The aim of this system is transforming and memorizing data, 
with the help of this system GRAI model is able to cover informational aspect of an 
enterprise [46].  
 
UML is a standard modeling language and provide different graphical modeling 
language or diagrams. UML support object oriented model of enterprise which 
consists of Use Case, Sequence and Interaction and Class diagrams. UML is placed in 
middle level in between general system modeling methods which includes structured 
and O-O methodologies [13]. 
 
Popkin 2001 as a software in this field proposed some different possible modeling 
languages used in Zachman framework in which UML applied in several parts. These 
languages in fact use for creating descriptive representations in answering the 
different questions (what, how, where, who, when and why) from several viewpoints 
(object scope or contextual, enterprise model or conceptual, system model or logical, 
Technology model or physical, detailed representation out of content and functioning 
enterprise) [34]. 
 
Sousa et al [77] discussed that UML or the Unified Modeling Language can support 
the five different components of EA in a small set of fundamental concepts. These 



Results 

81 

fundamental concepts are defined in UML 2.0. They defined in fact EA can be a set of 
defining and understanding of different components which build the organization and 
also how these components are related to gather with the aim of understanding and 
helping organizational change and evaluation. The author discussed that five 
architectural components can be Organization, Business, Information, Application 
and Technology. Based on this paper we choose four cell of the table which consists 
of Business, Organization, Information and Technology. UML can provide a model 
based on different aspects of EA which means that can provide tangible result and 
also the model itself can help to improve understanding which means can considered 
as intangible results [77]. 
 
GIM has the GRAI characteristics which can define four co-operating systems such as 
Decisional, Informational, Physical and Functional and also its own feature which is 
using structured approach to emphasize on the life cycle of the CIM project [46]. GIM 
can show different views such as information, decision, function and physical when 
studying the levels of abstractions. It offers several kinds of formalisms and let them 
to absorb the ideas, keep it to negotiate and exchange between players for forming a 
production system [37]. From decision making view GIM contains all functions of 
decision making process at a certain hierarchical level. Organization hierarchical 
helps to gain and create required information for different levels of Information 
system hierarchical by filtering, integration and supplying internal information from 
physical system and external information from related environment. GIM supports the 
technical aspect by GIM structured approach which concerns about providing a guide 
for analysis and design of the manufacturing system which consist of three parts; 
analysis, user oriented design and technical oriented design. In the first phase, GIM 
analyzing the current system and in fact it consider to as-is system [45]. The user 
oriented means that the method can convert the user requirement into the user 
specification according to functions, information, decision and resources. The 
technical oriented means the method can convert the user specification to the 
technical specifications according to information and manufacturing technology 
components and the organization [37]. 
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5 Conclusion and discussion 
In this chapter, we elaborated discussion in term results of EA and usefulness of 
EMMs for creating them. At the end, our research work concluded based on our 
findings and suggested further studies are specified.   

5.1 Discussion 
In our research we have two main findings which are essential results of EA and 
usefulness of EMMs in building EA and producing expected results of EA. We used 
results of EA in order to show the usefulness of EMMs in building EA. Validating 
essential results of EA helped our research to focus on important issues from 
participant’s point of view. We used these essential validated results of EA for 
investigating in literature about usefulness of EMMs in creating them. As contribution 
for the research gap, we found that using EMMs for modelling different aspects of EA 
in the process of building EA can help to produce desired results of EA. Results of E 
either tangible or intangible can be categorized in different groups such as 
documents/artefacts, models and goals. Our findings show essential results of EA for 
each of these groups.  
 
Our results show, in documents/artefacts group participants are more interested to 
have comprehensive information about existing system and they like to have a 
document which shows the definition of business goals, drivers and objectives. 
Moreover, Current state model of the organization and defining guidelines for 
development are important results which organization expect to achieve from their 
EA. EMMs with the process of understanding an organization business are able to 
help EA to achieve to expected results in this group, for example IDEF0 is a modeling 
method which used to produce a model or structural representation of functions of a 
system, along with information and objects which are tied to those functions. 
Moreover, IDEF0 provides diagrams which describe the relation of how an 
organization create, deliver and capture value [83]. 
 
Models are another type of results of EA; EA uses models to describe the structure 
and function of an organization. Our results show that business architecture models, 
component models, high-level conceptual models and deployment models are the 
most important results of EA in this group. EMMs are able to represent different part 
of organization by modelling them. For instance CIMOSA supports the description 
and explanation of enterprise form the management level to detailed level by 
presenting them in different kind of models. Rathwell [84] defines CIMOSA as “a 
model-based enterprise engineering method which categorizes manufacturing 
operations into Generic and Specific functions. These may then be combined to create 
a model which can be used for process simulation and analysis. Another example can 
be UML which is a standard modeling language and provide different graphical 
modeling language or diagrams [34]. 
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Goals also can be considered as expected results of EA, goals define organization’s 
expectations form EA. Our results show improve decision making, improve IT 
governance, business efficiency and improve communication are the most important 
ones in this group. Different EMMs can be truly helpful for achieving mentioned 
goals since some of EMMs mainly focus on decision making part. For instance, 
IDEF2 is a simulation modeling to support decision making in solving complex 
problem in different application area [13]. Another example is GRAI method by 
providing an efficient and comprehensive framework and its ability to provide 
modelers can efficiently model the decision making system of an enterprise [87]. GIM 
offers several kinds of formalisms and let them to absorb the ideas, keep it to 
negotiate and exchange between players for forming a production system [37]. 
 
We can assume from results and the above mentioned discussion that different EMMs 
are able to help EA to create expected results of EA by modeling different aspects of 
EA. As we analyzed in previous chapter in some EA aspects such as decision making 
and organization, EMMs are more useful compare to the other aspects. 
 

5.2 Conclusion and Future Study 
With respect to our study, we conclude that different EMMs can be helpful for 
building EA in different aspects to reach expected results of EA. Our study indicates 
Business, Organizational, Technical, informational and Decision making are the five 
essential aspects of EA. Our study shows that different EMMs are useful for 
representing essential aspects or perspectives of EA. For instance IDEF2 as 
simulation modeling method can be helpful in decision aspect or IDEF0 as a function 
modeling can be helpful in organization aspect. For building an EA, all aspects of the 
enterprise must be considered to achieve desired goals and results, with the help of 
different EMMs essential aspects of EA can be represented properly.   

We illustrated our final results in a table which represents different EMMs in relation 
with different EA aspects. The final results table is based on mentioned information 
about both EMMs and EA aspects in theoretical background and further investigation 
in the related papers and documents, we tried to find evidence that if EMMs are 
helpful in any of EA aspects for providing expected results of EA, subsequently we 
specified type of results for each aspect which can be either tangible or intangible 
results.  

In this study, on the one hand the aim was to assess different EMMs to discover their 
characteristics; on the other hand, we investigated about different EA frameworks in 
order to identify essential aspect of EA as well as investigating about their 
characteristic and important issues of each particular aspect. We used survey 
questionnaire to validate our preliminary findings.  
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These findings suggest that in general from a business point of view, results of three 
EMMs; CIMOSA, GERAM and UML can be helpful to provide appropriate tangible 
and intangible results. This study has found that IDEF0 and IDEF2 are useful in 
providing appropriate results in organization and information aspects of EA. From a 
technical point of view concerning the technologies which are necessary to support 
the organization; IDEF0, GERAM and UML are more likely to be useful. The most 
obvious finding to emerge from this study is that the decision making aspect of EA is 
perfectly supported by IDEF2, GERAM, GRAI and GIM.  

The results of this research support the idea that EMMs emphasize different views in 
producing tangible and intangible results of EA. This characteristic of EMMs makes 
outcomes helpful and supportive for establishing different aspects of EA. In general, 
therefore, it seems that we cannot use all EMMs for producing particular architecture 
results; it means that in order to get more appropriate results for a particular point of 
view, it is better to use a specific modeling method. 

In this way, an organization aiming to build an EA needs to consider different aspects 
of organization, each of these aspects require specific information which can be 
provided by particular EMMs. The study has gone some way towards enhancing our 
understanding of how to facilitate dealing with EA with the help of EMMs, in other 
words, EA Modeling. 

Although the current study is based on a small sample of participants, the findings 
suggest that it would be interesting for future studies to investigate further using 
knowledge of various experts who have had experience in working with several 
EMMs and EA frameworks to ensure this dissertation follows in the same way. A 
limitation of this study is that the number of participants was relatively small and it 
was mainly based on literature review. The study did not evaluate results directly 
from practical use or from direct observation of different EMMs or EA frameworks.  
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7.2 Appendix 2 

7.2.1 Snapshots of Survey Results 
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