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Preface

The 7th Trends in Enterprise Architecture Research (TEAR 2012) Workshop and
the 5th Practice-Driven Research on Enterprise Transformation (PRET-5) Work-
ing Conference were co-located with The Open Group’s Conference on Enterprise
Architecture, Cloud Computing, Security, taking place in Spain, Barcelona,
October 22–26, 2012.

TEAR 2012 and PRET-5 were organized as an integrated event as a parallel
track to The Open Group Conference, where the TEAR and PRET tracks were
tightly integrated. This is also why it was decided to produce an integrated
proceedings volume.

The Events

The TEAR workshop series brings together enterprise architecture (EA) re-
searchers from different research communities and provides a forum to present
EA research results and to discuss future EA research directions.

The field of EA has gained considerable attention over the last years. For
defining the term architecture, most agree on the ISO/IEC 42010:2007 Standard,
where architecture is defined as the “fundamental organization of a system, em-
bodied in its components, their relationships to each other and the environment,
and the principles governing its design and evolution.” For EA the focus is on
the overall enterprise in contrast to partial architectures such as IT architecture
or software architecture. EA explicitly incorporates business-related artefacts
in addition to traditional IS/IT artefacts. By providing an enterprise-wide per-
spective, EA is a means for organizations to coordinate their adaptations to
increasingly fast-changing market conditions which influence the entire chain of
activities of an enterprise, from business processes to IT support.

TEAR 2012 was the seventh in an increasingly successful series of workshops,
previously held in Hong Kong, Switzerland, Australia, Sweden, The Netherlands,
and Finland.

The PRET working conference series brings together researchers and prac-
titioners interested in enterprise transformation. More specifically, the PRET
events aim to build a bridge between theory and practice, between researchers
and practitioners.

Modern day enterprises are in a constant state of flux. New technologies,
new markets, globalization, mergers, acquisitions, etcetera are among the ‘usual
suspects’ that require enterprises to transform themselves to deal with these
challenges and new realities. Most information systems practitioners will find
themselves working in a context of enterprise transformation. One could even go
as far as to claim that a business-oriented perspective on information systems is
really about enterprise transformation, where enterprise transformation involves
the use of methods and techniques from enterprise engineering, enterprise mod-
elling, enterprise architecture, and information systems engineering. As a field
of study, enterprise transformation requires a close interaction between practice
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and academia. What works and does not work requires validation in real-life
situations. Conversely, it is in industrial practice where challenges can be found
that may fuel and inspire researchers.

PRET-5 was the fifth in an increasingly successful series of working confer-
ences, previously held in The Netherlands (twice), Luxembourg, and Poland.

The Open Group Conference

The Open Group Conference provides a venue to practitioners and academics to
gain valuable knowledge and to participate in The Open Group’s Forums and
Work Groups that are developing the next generation of open, vendor-neutral
standards and certifications. Those who attend The Open Group Conferences
benefit from the opportunity to leverage the expertise of other experts, learn
from others’ experiences, and delve into content most relevant to their jobs and
organizations.

Conferences also present an opportunity for attendees to access a wide range
of experts, practitioners, and specialists in a non-sales environment, and build
professional relationships. The Open Group hosts four quarterly conferences as
well as regional conferences hosted by our local partners around the globe.

Why Join Forces?

The TEAR and PRET workshops already joined forces before, during the En-
terprise Engineering Week in 2010, in Delft, The Netherlands. At that time, the
visitors of the two workshops, as well as the organizers, saw a clear benefit for
future collaboration between the two events. Even though both events have a
distinct identity, their topics and audience show an overlap that makes them
natural partners.

Joining forces with The Open Group Conference also provides a unique op-
portunity to build a bridge between practitioners, standardization efforts, and
academic research, in the areas of enterprise transformation and enterprise ar-
chitecture.

The Program

We received a total of 24 high-quality papers. After an extensive review process
by a distinguished international Program Committee, with most papers receiving
three reviews, we accepted the 18 papers that appear in these proceedings. Of
these 18 papers, 5 papers were PRET papers and 13 were TEAR papers.

No further distinction was made between these types of paper, leading to an
integrated program of PRET and TEAR, involving six sessions covering: EAM
Effectivity, Languages for EA, EAM and the Ability to Change, Advanced Topics
in EA, Governing Enterprise Transformations, and EA Applications.

August 2012 Stephan Aier
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Abstract. The use of patterns and pattern languages in enterprise architecture 
(EA) is a relatively novel concept. Although both the concepts of patterns and 
EA are over 30 years old, the notion of design patterns is hardly applied to EA. 
There is a lack of pattern collections specifically devoted to EA: only a small 
number of patterns and pattern collections specifically aimed at enterprise ar-
chitecture can be found in the public domain. Furthermore no framework or 
method exist that would assist enterprise architects in creating patterns and pat-
tern languages for EA. This paper aims to bridge this gap by proposing a pattern 
framework for enterprise architecture (PF4EA), which can guide the develop-
ment of well-grounded patterns and pattern languages for the EA domain. The 
components of the frameworks are described as well as a method for its use.  

Keywords: Enterprise architecture, design patterns, pattern languages, pattern 
collections. 

1 Introduction 

Patterns are an attempt to describe solutions to problems or practices in a specific 
context, and which are harvested from ‘best practices’ and working solutions [18]. A 
design pattern is an approach to abstracting and capturing the knowledge for reuse on 
what made a solution, or paradigm, successful in relation to the problems identified in 
a particular context [35].  A design pattern can be thus be seen as “a piece of literature 
that describes a design problem and a general solution for the problem in a particular 
context” [14:2]. Design patterns originated in the field of building architecture, when 
Christopher Alexander invented the idea of capturing design guidelines in the form of 
design patterns [2]. Although the basic design pattern concept spans domains, the 
purpose, presentation and level of abstraction vary according to the domain and even 
within the domain [22]. Patterns are usually grouped into a pattern collection, either 
into a pattern catalogue or pattern language [6, 32, 35, 54]. This paper primarily fo-
cuses on pattern languages. A pattern language “is a collection of patterns that build 
on each other to generate a system” [14:17]. A pattern on its own solves a disjoint 
design problem, while a pattern language builds a ‘system’.  
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The idea expressed in a pattern should be general enough to be applied in to a vari-
ety of systems within its context, but still specific enough to give constructive guid-
ance. Design patterns are therefore often put forward as a way to assist novices in 
mastering a new domain [5, 12]. Patterns could likewise thus be put forward as a way 
to assist novice enterprise architects (and provide support for experienced enterprise 
architects) in the task of doing enterprise architecture.  

An enterprise is a socio-technical organization or entity that functions on a rela-
tively continuous basis to achieve a common set of goals and objectives, and has a 
mission and vision that guides how it should operate at all times [29, 37, 47]. An un-
derstanding of an enterprise’s components and how they are related to one another 
can be obtained from its underlying architecture.  Enterprise architecture (EA) “is the 
continuous practice of describing the essential elements of a socio-technical organiza-
tion, their relationships to each other and to the environment, in order to understand 
complexity and manage change” [19]. 

Patterns and pattern languages for EA is a fairly novel domain. Although both the 
concepts of patterns and EA are over 30 years old, the notion of design patterns is 
hardly applied to EA and there is a lack of pattern collections specifically devoted to 
EA.  To assist in bridging this gap, the aim of this paper is to propose a framework 
that can be followed to guide the development of well-grounded pattern languages for 
the EA domain. Although the framework is EA specific, the arguments on which the 
framework is based are fairly generic and can equally be applied to other domains 
(i.e. by replacing the EA-prefixed steps with a generic <topic>-prefix).   

Section 2 provides the theoretical background for the paper by introducing the con-
cept of patterns and pattern languages in more detail. Section 3 presents the Pattern 
Framework for Enterprise Architecture (PF4EA), whilst section 4 describes the 
method for using PF4EA. Section 5 provides examples of the use of PF4EA, whilst 
section 6 concludes. 

2 Background 

2.1 Patterns and Pattern Languages 

Patterns are harvested from best practices on what has worked well in the past for a 
particular problem in a particular context, and is an attempt towards a description of 
successful implementation of a solution for that problem in the specific context [2, 
32]. A pattern context is the preconditions under which a pattern is applicable, or a 
description of the initial state, before the pattern is applied to its intended problem 
[46]. From a usage perspective, patterns provide the guidelines for the description of 
solutions to analysis, design and architecture related problems [14, 18, 26]. In a prac-
tical sense, each pattern describes a problem that occurs repeatedly in a particular 
context, and then describes the core solution underpinning the problem, in such a way 
that one can use the solution many times over, without ever having exactly the same 
end result [2].  

For any pattern to be legitimate, it must adhere to several general pattern character-
istics [6, 14, 17, 54]: 
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─ A pattern is grounded in a domain by being associated to a context as well as other 
patterns, and has no meaning outside the design domain or the pattern language it 
forms part of.   

─ A pattern implies an artefact. 
─ A pattern bridges many levels of abstraction. 
─ A pattern is both functional and non-functional, and should include the reason(s) 

and rationale why the solution is recommended, and what trade-offs are involved 
when such a pattern is used. 

─ A pattern is both a process and a thing, relating the design process and structure of 
the end product. 

─ A pattern is validated by use and cannot be verified or validated from a purely 
theoretical framework, without its practical application in its relevant context.  

─ A pattern captures a big idea and is meant to focus on key problems within a con-
text and implies maximum reusability (whenever the problem emerges again, the 
pattern gets reapplied). 

─ A pattern conforms to a particular template.  
─ A pattern should be part of a pattern language where different patterns work to-

gether to solve a recurring complex problem in a particular context.  

The next two sections discuss the pattern templates and pattern collections in more 
detail. 

2.2 Pattern Forms and Templates 

All patterns in the same language should have the same format [2]. A pattern form or 
template is a structure describing the essential elements and format of a pattern. Pattern 
templates vary between and even within application domains. For example, templates 
for building architecture (e.g. the Alexandrian Form for building architecture  [41]), 
would differ from those for software engineering (e.g. the Portland Pattern Form (PF) 
[16], the canonical / Coplien form [3], the compact form (CF) [50], the Gang of Four 
Form (GoFF) [25], the Beck Form (BF) [44], etc.). In the EA domain the Enterprise 
Architecture Management (EAM) Pattern Catalog [21] supports a light-weight, organi-
zation-specific approach to EA management based on best practices, and distinguishes 
between three types of patterns: methodology (EA management) patterns, viewpoint 
patterns and information patterns. The pattern form are similar to the Buschmann’s [9] 
software engineering form and includes the following elements: name, short descrip-
tion, example, context, problem, solution, implementation, variants, known uses, con-
sequences, ‘see also’ (reference to associated patterns) and credits.  

2.3 Pattern Collections 

Patterns are usually grouped into a pattern collection, either into a pattern catalogue 
or a pattern language [6, 32, 35, 54]. A catalogue is a list or  a collection of items 
usually organized in alphabetical order [48], where the patterns do not necessarily 
have to be related. When several related patterns are combined to solve a recurring 
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complex problem in a specified context, the grouping of associated patterns is referred 
to as a pattern language [2, 7, 14, 18, 20, 35]. A pattern language is a structured 
method of describing good design practices within a particular domain. A pattern 
language is characterized by noting the common problems in a field of interest,  de-
scribing the most effective solutions for meeting some stated goal,  helping the 
designer move from problem to problem in a logical way, and allowing for many 
different paths through the design process.   

2.4 Searching and Creating Individual Patterns 

Patterns are discovered and not invented. There are basically two ways in which pat-
tern collections can be discovered or formed [24]: through crafting/creating new pat-
terns and through searching/harvesting patterns from existing pattern libraries or 
through automated processes (e.g. [45]). Patterns are discovered through observation 
and discrimination [24]. Observation reveals the underlying pattern and discrimina-
tion allows for selecting beneficial patterns that would advantage the specific domain. 
To craft a pattern, the problem to be solved must identified and the forces in tension 
discovered and documented. This is followed by a resolution of the forces, where the 
practitioner observes what solutions have been fashioned by other practitioners, and 
what is the best practice solution matching the forces that lead to the problem. The 
discovered solution is expressed as a pattern of action, which substantiates the 
solution in a general. 

2.5 Creating Pattern Languages 

Although patterns and pattern language collections abound, literature on the actual 
process of creating pattern languages are sparse. Cunningham [15], for example, sug-
gested  a few steps to get a pattern language writer going:  

─ Pick a whole area of focus, not just one idea. The area must practical and linked to 
the task that needs to be completed. 

─ Make a list of all the little things you have learned through the years about the area 
or document someone’s experience in solving a particular problem.  

─ Cast each item on your list as a solution, and include the reasons for doing so (i.e. 
record the forces that bear on a solution). 

─ Write each item as a pattern making use of a pattern form (template). 
─ Organize the patterns into sections. Write an introductory paragraph to each section 

listing the patterns by name. Study the higher level structure of the patterns and 
write linking paragraphs when associations exist. 

─ Write an introduction to the patterns language, including the forces addressed. 

In another example, Meszaros and Doble [40] defined a pattern language for writing 
patterns consisting of: context-setting patterns, pattern structuring patterns, pattern 
naming and referencing patterns, patterns for making patterns understandable and 
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pattern language structuring patterns. The latter sets out a few guidelines for creating 
pattern languages: 

─ Identifying a set of patterns as a pattern language and writing a summary to intro-
duce the larger problem and the patterns which contribute to solving it.  

─ Describe the overall context.  
─ Use a running example throughout. 
─ Highlight common problems, i.e. the common threads found in more than one 

pattern, and how the patterns can be used together to do something useful.  
─ Use distinctive headings to convey structure. 
─ Provide a problem/solution summary to help the reader find the pattern(s) that 

solve their specific problems  
─ Provide a glossary.  

2.6 Patterns and Pattern Languages for Enterprise Architecture 

Using the TOGAF architecture development process [47] as an example (but with no 
claim to representing the entire EA domain as such), the scope of the enterprise archi-
tecture development process is said to involve architecture vision development, 
business architecture development, information systems architecture development, 
technology architecture development, opportunity and solutions, migration planning, 
implementation governance, as well as the architecture change management.  Enter-
prise architecture patterns should therefore include ‘organizational’ patterns that 
involve the full scope of enterprise architecture concerns, including people, processes, 
technology and facilities.  

There are only a small number of pattern collections specifically focused on 
aspects of the EA development process, or claiming to focus on EA. Two existing 
examples, with individual patterns that are closely related to enterprise architecture 
from a primarily architecture management perspective, include:  

─ The EAM Pattern Catalog [21, 43] focusing on EA management to complement 
existing EA frameworks to provide a holistic and generic view on the problem of 
EA management, and to provide additional detail and guidance needed to system-
atically establish EA management in a step-wise fashion within an enterprise.   

─ A pattern catalogue for multichannel management described by Lankhorst and 
Oude Luttighuis [38], which they consider as a constituent of EA, to assist organi-
sations to manage and align the various information channels they use in commu-
nicating with their customers. 

Although limited specific EA patterns can be found, individual patterns can be found 
in disjoint pattern collections for other domains, which could be used in various en-
terprise architecture domains (but not specifically identified as such), for example 
organizational architecture [13], business modelling patterns [52], workflow patterns 
[51], software development patterns [25], etc. We also analysed a representative set of 
EA frameworks and none supports the concept of design patterns in any substantive 
way. Design patterns are, however, briefly mentioned in TOGAF V8 [46], FEAF [11], 
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The Zachman Framework for Enterprise Architecture [55] and GERAM [30]. There is 
therefore a lack of recorded research and guidelines on developing patterns for EA, 
and specifically pattern languages. In the case of pattern languages this is not the case 
for only the EA domain, but also in general. This paper attempts to address this gap in 
research by proposing a pattern framework for the development of patterns and pat-
tern languages for EA, but which could also be used as guide to pattern language 
development in other domains. 

3 The Pattern Framework for Enterprise Architecture 
(PF4EA) 

Following an intensive literature study on the aspects that influence the development 
and maintenance of EA (combined with practical experience in these aspects), as well 
as an in-depth study and experience with the practices of patterns and pattern 
languages over an extended period of time, the Pattern Framework for Enterprise 
Architecture (PF4EA) was developed. PF4EA integrates the fundamental aspects 
related to patterns and pattern languages, as well as their associated processes and 
procedures, with the fundamental aspects related to enterprise architecture and its 
associated processes and procedures. Fig. 1 presents PF4EA graphically. 

The components of PF4EA are organized into five construct layers, each address-
ing a specific aspect related to patterns and pattern languages and/or enterprise ar-
chitecture:  

1. Theoretical context: The theoretical context and best practices of both patterns and 
pattern languages and enterprise architecture, providing the theoretical foundation 
for PF4EA. 

2. Context specific rules and properties: Determining and specifying the specific best 
practices, rules and properties related to patterns and pattern languages, which will 
be used in the patterns and pattern language to be developed, the specific enterprise 
architecture aspects for which the patterns and pattern language is to be developed, 
and the specific enterprise architecture framework(s) that will be supported by the 
patterns and pattern language to be developed in PF4EA. 

3. Context specific pattern relationships: Specifying the context specific pattern rela-
tionships that will apply to the pattern language under development, including the 
generic pattern relationships, the EA specific pattern relationships and the related 
EA framework specific pattern relationships.  

4. Pattern search / creation: Searching/creating individual patterns to support the as-
pects identified in the pattern context specific rules and properties making use of 
the EA processes and methodologies and EA framework rules and properties.  

5. Pattern language creation: Applying the context specific pattern relationships to the 
set of standalone patterns created to develop a pattern language based on coherent 
principles. The output is the target pattern language for the specific enterprise archi-
tecture aspect under consideration. Each construct layer has an associated action that 
describes the action of use applicable to the construct layer, namely contextualize, 
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consider, conform, create, and connect, respectively. These actions are described in 
more detail in section 4.   

As indicated in Fig. 1, PF4EA comprises of 11 different components, which present 
the framework with various functionalities:   

 

Fig. 1. The Pattern Framework for Enterprise Architecture (PF4EA) 
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1. Patterns, pattern languages and best practices (Component 1): This component 
represents the theoretical foundation and the best practices related to patterns and 
pattern languages in general. It represents the generic pattern concepts to be con-
sidered for the composition of patterns for EA and the pattern languages for EA.  

2. EA Processes, methodologies, frameworks and best practices (Component 2): 
This component represents the theoretical foundation and the best practices re-
lated to EA covering the generic concepts of EA processes, methodologies, 
frameworks and related best practices. It represents the generic EA concepts to be 
considered for the composition of patterns for EA and the pattern languages for 
EA. Both general EA concepts and EA framework detail are incorporated in this 
component, since the EA framework in use often ‘prescribes’ the process or 
methods to be followed in developing and EA or maintaining it. 

3. Pattern and pattern language rules and properties (Component 3): This compo-
nent provides the framework with selected context specific pattern rules and 
properties to govern the creation of patterns and their relationships in the pattern 
language to be developed. These rules and properties provide PF4EA with func-
tionality to formalize the creation of patterns in a consistent manner through 
enforcement of specific rules, characteristic and properties of patterns and pattern 
relationships.   

4. EA processes and methodologies (Component 4): This entails the detailed specifi-
cation of the specific aspect of EA to be covered by the resulting pattern language. 
It specifies the conceptual foundation and specific methodologies related to the 
selected EA aspect to be considered.   

5. EA framework rules and properties (Component 5): This component provides for 
all the rules and properties of the relevant EA framework(s) that will be supported 
by the resulting pattern language.  EA frameworks provide the ground rules on the 
validity of connecting any two patterns in a pattern language.  

6. Generic pattern relationships (Component 6): This component provides the valid 
generic pattern relationships by which one pattern can be associated to another in 
the resulting pattern language and what the nature of such a connection is. These 
pattern relationships are the essential aspects of producing pattern language con-
structs. 

7. EA specific pattern relationships (Component 7): This component defines EA, or 
domain specific, pattern relationships. It specifies how a particular EA pattern 
may be linked to another through valid context specific pattern relationships.  

8. EA framework relationships (Component 8): This component defines specific re-
lationship semantics to support the selected EA framework(s). It thus provides for 
framework specific context relationships in the resulting the pattern language. 

9. Patterns for EA processes and methodologies (Component 9): This component 
involves the creation of, or searching for, relevant individual patterns to support 
the EA concept under consideration.   

10. Pattern language constructs (Component 10): This component involves identify-
ing the relationships that exists between the individual patterns (identified in 
Component 9), using the generic pattern relationships (Component 6), the EA 
specific pattern relationships (Component 7), and the EA framework relationships 
(Component 8). This creates the individual pattern language pieces that when 
combined forms the pattern language for EA.  
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11. Pattern language for EA processes and methodologies (Component 11): This 
component integrates all of the patterns and the relationships that exists between 
them into a pattern language, and identifies any orphan patterns and gaps that may 
require the development of additional patterns or pattern relationships. In also in-
cludes a description of the overall context of the pattern language and provide a 
problem/solution summary and glossary.  

4 Method to Use PF4EA 

For any framework to be complete, a method must be provided outlining the process 
to use the framework for its intended purpose. The use of PF4EA is categorized into 
five action stages, as indicated in Fig. 1: 

1. Contextualize: Establishing the theoretical foundations and best practices support-
ing PF4EA.  

2. Consider: Establishing and specifying the relevant pattern and EA aspects support-
ing, or to be supported by, the resulting pattern language.  

3. Conform: Specifying how individual pattern components are allowed to relate to 
each other.  

4. Create:  Creating patterns for the EA concepts under consideration.  
5. Connect: Connecting individual patterns into a pattern language.  

Fig. 2 depicts the flow between these five actions and the steps through the related 
components when applying PF4EA to create a pattern language for the selected EA 
aspects. Each step is described briefly below.  

1. Contextualise: 
• Step 1: Study fundamental patterns and pattern language theoretical concepts 

and best practices (if not familiar with this theoretical context already). 
• Step 2: Study the fundamental EA theoretical concepts (if not familiar with it al-

ready). 
2. Consider:  

• Step 3: Use the knowledge obtained in Step 2 to determine the EA aspects for 
which a pattern language are to be created. 

• Step 4: Use the outcome of Step 3 to decide on the EA concept for which to cre-
ate a pattern language. If the concept is not fully developed / specified generi-
cally, develop / refine the concept. 

• Step 5: Use the knowledge obtained in Steps 3 and 4 to decide on the EA 
framework that will be supported by the pattern language under development. If 
the EA framework rules and properties are not fully developed / specified gen-
erically, develop/refine the rules and properties. 

• Step 6: Use the knowledge obtained in Step 1 to decide on the general pattern 
rules and properties that must be adhered to by the pattern language to be devel-
oped, and which would be appropriate for the EA concepts identified in Steps 
3 to 5. 
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Fig. 2. Method to apply PF4EA 
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• Step 9: Use the outcome of Step 5 and Step 6 to establish the pattern relation-
ships for the specific EA framework that will be supported. 

4. Create: 
• Step 10: Search for existing patterns that support the EA concept identified in 

Step 4 and the EA framework identified in Step 5. If the patterns do not exist, 
develop/derive the patterns using the outcome of Steps 4, 5 and 6 using a pattern 
development method, such as the one described by Cunningham [15].  

5. Connect:  
• Step 11: Using the outcome of Steps 7, 8 and 9 to establish relationships be-

tween the patterns identified or developed in Step 10.  
• Step 12: Use the outcome of Step 11 to combine all the patterns and graphically 

represent the resulting pattern language adhering to both pattern and EA funda-
mentals. If any orphan patterns exist, use steps 4 to 11 above to develop addi-
tional patterns enabling connections between all the patterns in the pattern lan-
guage. Add a preamble to the resulting pattern language, describing the overall 
context of the pattern language, a problem/solution summary and a glossary. 

5 Example – Towards a Pattern Language for Enterprise 
Architecture Development and Maintenance 

To illustrate the components and use of PF4EA we present a number of examples. 
These examples, however, do not present the components of a complete pattern lan-
guage, but are merely for illustrative purposes. 

5.1 Contextualise 

Steps 1 and 2 
We have studied patterns and pattern languages in various domains in the past and are 
familiar with the basic concepts related to these aspects (see for example [33-35]). We 
are all experienced in EA and all have multiple of EA certifications and have pub-
lished various papers on the topic (see for example [31, 39]). If this was not the case 
we would have had to study the basic concepts related to both the domains of EA and 
patterns and pattern languages in detail, prior to embarking on the pattern building 
exercise. 

5.2 Consider 

Step 3: Step 3 uses the knowledge obtained in Step 2 to determine the EA aspects for 
which a pattern language are to be created. Our aim was to develop a pattern language 
that could assist novice enterprise architects in the development and maintenance of 
enterprise architecture. We briefly introduce some of the concepts used in the remain-
ing sections.  

EA development focuses on establishing and specifying an understanding all of the 
socio-technical elements in an enterprise, including people, processes, business, 
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organization and technology and how these elements interrelate [19, 53]. EA mainte-
nance is a process of managing change to existing architecture models to accommo-
date changes that might have emerged due to change in process, technology, people 
and business [47]. 

Architectures have a cycle through which they evolve. According to Lankhorst 
[37], the architecture design process life cycle plays in important role in the evolution 
of any type of architecture. The architecture process consists of the steps that take an 
original idea through to the design and implementation phases, and eventually the 
management of architecture [4, 10, 27, 28, 37]. 

A baseline architecture is part of overall enterprise architecture and is an as-is 
overall architecture prior to entering a cycle of architecture review, redesign, devel-
opment and maintenance [TOGAF, 2009]. A target architecture defines the to-be-
built enterprise architecture and comprises of a complete description of the vision, 
scope, and partial high-level descriptions of the business’s information systems mod-
els and design architectures reflecting the future view of aspects relating to business 
processes, data, applications, information systems and the technical infrastructure 
within an enterprise [11, 42, 49].  

Zachman [55] defines EA as the total set of descriptive representations (models) 
relevant for describing an enterprise, that is, the descriptive representations required 
to create (a coherent, optimal) enterprise and to serve as a baseline for changing the 
enterprise once it is created. The total set of relevant descriptive representations 
would necessarily have to include all the intersections between the abstractions and 
perspectives. The Zachman Framework for Enterprise Architecture [56] do not for-
mally define a process to use the Framework, but its use is implicated by the process 
to compile the descriptive representations mentioned. 

Step 4: Step 4 uses the outcome of Step 3 to decide on the EA concept for which to 
create a pattern language.  If the concept is not fully developed / specified generically, 
develop / refine the concept. An in depth study of EA concepts revealed that when 
referring to EA development and maintenance most authors refer to the TOGAF 
ADM [47], but that no generic set of steps for the development and maintenance of 
enterprise architecture exists. We therefore, as a first step, studied various publica-
tions and best practices to develop a set of generic steps for EA development and 
maintenance.  An extract of these steps is presented in Fig. 3. 

Step 5: Step 5 uses the knowledge obtained in Steps 3 and 4 to decide on the 
EA framework that will be supported by the pattern language under development. 
If the EA framework rules and properties are not fully developed / specified generi-
cally, develop/refine the rules and properties. The Zachman Framework for Enterprise 
Architecture [56] was, due to its ontological nature and its ability to guide the devel-
opment of applicable models, selected as an example to illustrate the concepts. 
The decision was made to use this framework for the first version of the pattern 
language. As a future endeavour a more comprehensive example using TOGAF is 
envisaged. 
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Fig. 3. Extracts from EA development and maintenance process steps example 

Step 6: Step 6 uses the knowledge obtained in Step 1 to decide on the general pattern 
rules and properties that must be adhered to by the pattern language to be developed 
and which would be appropriate for the EA concepts identified in Steps 3 to 5. 
Amongst other rules and properties, we decided on the use of the following pattern 
(expandable) template, derived from studying several other pattern templates: 

─ Pattern Name: A unique name to identify a pattern. 
─ Problem: The design problem which is addressed the creation of a pattern. 
─ Context: In which circumstances and domain is this pattern applicable? 
─ Forces: The various forces that impact the creation or existence of a pattern. 
─ Solution: Describe what needs to be done as a solution that resolves forces from 

strongest in this context in relation to addressing the recurring problem. 
─ Related Patterns: What enterprise architecture patterns are closely related to this 

one? 
─ Rationale: Is a description of why the solution is an appropriate one and not an-

other. 
─ Example: An artefact (e.g. a graphical model, an algorithm, a formula, a structured 

rule (text), etc.), which illustrates how the pattern operates. 

S# Step Domain Brief rule description 

Architecture Vision And Planning 

STP01 Architecture vision Establish the architecture target vision for the current development. 

STP02 Architecture vision Establish resource plan for accomplishment of the vision. 

STP03 Architecture vision Select an appropriate enterprise architecture framework. 

Baseline Architectures 

STP04 Baseline Architecture Create inventory for current IT infrastructure. 

STP05 Baseline Architecture Create inventory of current business processes. 

STP06 Baseline Architecture Create inventory of people, roles and responsibilities. 

STP07 Baseline Architecture Create inventory of current business objectives. 

Target Architectures 

STP08 Target  Architecture Craft IT infrastructure target models. 

STP09 Target  Architecture Craft business process target models. 

STP10 Target  Architecture Craft people resource target models. 

STP11 Target  Architecture Craft business objective target models. 

Architecture Transition and Integration 

STP12 Transition and Integration Assess the gap between target and baseline architectures. 

STP13 Transition and Integration Ensure every architecture artefact contributes target architecture. 

STP14 Transition and Integration Ensure alignment of the enterprise architecture to business objectives.  

Architecture Maintenance 

STP15 Architecture Maintenance Every architectural change is documented and updating of baseline architecture. 

STP16 Architecture Maintenance Ensure a periodical update of the architecture models 

Architecture Reviews 

STP17 Architecture reviews Ensure effective communication channels about the enterprise architecture. 

STP18 Architecture reviews Ensure the reviews of architecture by relevant committees. 
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5.3 Conform 

Step 7: Step 7 uses the outcome of Step 6 to specify the conditions for generic pattern 
specific relationships that are to be used to connect individual patterns into a pattern 
language. We specified a number of generic pattern relationships using a semi-formal 
notation. These relationships include the is made of relationship, is equivalent of rela-
tionship, is alternative of relationship and is variant of relationship [1, 8, 36].   

For example, the is equivalent of relationship was specified using the following 
statements: 

∀ x:1..n, Patternx: PATTERN • Patternx  Problemx  ∧ Solutionx  ∧ Contextx 

(Given any pattern Patternx, there exist a problem Problemx, being addressed by 
that pattern, and a solution Solutionx, produced by that pattern, and a context Con-
textx, in which such a pattern is applicable.  The set PATTERN to represents the set 
of all valid patterns.) 

∀ i,j:1..n, Patterni, Patternj : PATTERN 
if ((Problemi ≡ Problemj) ∧ (Solutioni ≡ Solutionj ) ∧ (Contextx ≡ Contextx)) 

then Patterni ≡ Patternj 

 Patterni = is-equivalent-of Patternj 

(If the problems associated with Patterni and Patternj are equivalent, their solu-
tions are and their contexts are also equivalent, then Patterni and Patternj are 
equivalent and said to be equivalent patterns of each other.) 

Step 8: Step 8 uses the outcome of Step 4 and Step 6 to establish EA specific pattern 
relationships for the EA concept for which to create a pattern language. 

We specified several EA specific relationships, one of which is the is base-
line2target of pattern relationship. In this relationship, one pattern is used to produce a 
solution to a problem in the baseline architecture, whilst the second pattern is used to 
advance the baseline architecture into a target architecture solution. 

∀ i,j:1..n, Patterni, Patternj : PATTERN 
if ((Patterni SolutionbaselineArchitecture ) ∧ (Patternj  SolutiontargetArchitecture)) ∧ 
(( Contexti  ≡ Contextj ) ∧ (Problemi ≡ Problemj )) ∧ 
((Solutioni  « Solutionj )  ( Solutioni » Solutioni )  ( Solutioni ≡ Solutionj )) 

then Patterni = is-baseline2target-of(Patternj) 

if  Patterni  = is-baseline2target-of (Patternj)  
then  Solutioni  =  is-baseline2target-of (Solutionj) 
(« means the baseline architecture pattern solution remain unchanged whilst target 

architecture solution changes; » means the baseline architecture pattern solution 
changes into target with additional alterations, whilst ≡ means the baseline architec-
ture pattern remains the same in the target architecture pattern solutions) 

Step 9: Step 9 uses the outcome of Step 5 and Step 6 to establish pattern relationships 
for the specific EA framework that will be supported. We specified relationships for 
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all the framework rules of The Zachman Framework for Enterprise Architecture [56]. 
These relationships include, amongst others: diagonal, non-diagonal, is transforma-
tion of, is identification of, is definition of, is representation of, is specification of, is 
configuration of.  

For example, in The Zachman Framework for Enterprise Architecture, moving 
from one perspective to another in a vertical manner is referred to as transformation. 
The two patterns involved in an is transformation of type of relationship are associ-
ated with two adjacent perspectives (‘rows’ and abstractions (columns) in The Zach-
man Framework for Enterprise Architecture. 

∀  i,j:1..n, Patterni, Patternj : PATTERN 
if ((Problemi  ≠ Problemj ) ∧ ( Abstractioni ≡ Abstractionj)) ∧  

 ((Perspectivei  ≠ Perspectivej ) ∧ (Solutioni ≠ Solutionj)) ∧ 
((Perspectivei ∧ Perspectivej ) = adjacent ) 

then Patterni = is-transformation-of(Patternj) 

if  Patterni = is-transformation-of (Patternj)  
then : Solutioni  =  is-transformation-of (Solutionj) 

Although this approach is appropriate to The Zachman Framework for Enterprise 
Architecture, the approach of specifying the pattern relationships will have to be 
adapted for other frameworks, according to the rules of such frameworks.  

5.4 Create 

Step 10: Step 10 searches for existing patterns that support the EA concept identified 
in Step 4 and the EA framework identified in Step 5. If the patterns do not exist, 
develop/derive the patterns using the outcome of Steps 4, 5 and 6. We created a (in-
complete) set of patterns for the set of EA development and maintenance steps in Fig. 
3. The set of patterns is indicated in Fig. 4. Fig. 5 illustrates an example of such a 
pattern.  

 

Fig. 4. Patterns for EA development and maintenance 

 

EAP {Pattern language for enterprise architecture} 
EAP1=Architecture Vision Statement EAP15=Target Enterprise Data 
EAP2=Expert Resource Acquisition EAP16=Target Information Systems Architecture 
EAP3=Enterprise Architecture Framework Selection EAP17=Target Technology Architecture 
EAP4=Baseline Business Objectives Inventory EAP18=Architecture Gap Examination 
EAP5=Baseline Business Process Inventory EAP19=Architecture Solution 
EAP6=Baseline Enterprise Information Inventory EAP20=Integration Implementation 
EAP7=Baseline Human Capital EAP21=Post Integration Architecture Examination 
EAP8=Baseline Enterprise Data EAP22=Architecture Change Management 
EAP9=Baseline Information Systems Inventory EAP23=Architecture Periodic Maintenance 
EAP10=Baseline Technology Architecture Inventory EAP24=Architecture Communication Glossary 
EAP11=Target Business Objectives EAP25=Architecture Communication Channel 
EAP12=Target Business Process EAP26=Architecture Committee Formation 
EAP13=Target Enterprise Information EAP27=Architecture Review Time Table 
EAP14=Target Human Capital  
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Fig. 5. EA Framework selection pattern 

5.5 Connect 

Step 11: Step 11 uses the outcome of Steps 7, 8 and 9 to establish relationships be-
tween the patterns identified or developed in Step 10. Each individual pattern is com-
pared to each of the other patterns to determine whether any relationship exists be-
tween the patterns. All the relationships are recorded. Although this may become a 
cumbersome process as the pattern language grows, the step is essential in establish-
ing a valid pattern language. Further research would be required to streamline the 
process. 

Step 12: Step 12 uses the outcome of Step 11 to combine all the patterns and graphi-
cally represent the resulting pattern language adhering to both pattern and EA funda-
mentals. The various perspective of The Zachman Framework for Enterprise Archi-
tecture [56] are used to guide the representation, e.g. the business architecture patterns 
are mapped to the business perspective, etc. The pattern relationships are then applied 
to all the patterns across all the perspectives to create meaningful associations be-
tween patterns mapped on the same perspective, and those with valid relationships in 
adjacent perspectives. 

The process of connecting patterns to form the language involves the application of 
context pattern relationships, which associate one pattern to another via the type of 
relationship they share. If any orphan patterns exist, use steps 4 to 11 above to de-
velop additional patterns enabling connections between all the patterns in the pattern 
language.  Fig. 6 provides an example of how such a graphical representation of a 
pattern language for EA could be presented. The colour and shape of the connecting 
lines represent the various types of relationships that exist (e.g.  ═  represents is trans-
formation of).  In addition to this representation a preamble to the resulting pattern 
language must be compiled (not shown here), describing the overall context of the 
pattern language, and provide problem/solution summary and glossary. 

 

Pattern EAP4 
 

Pattern Name: Enterprise Architecture Framework Selection  
Problem: How do you ensure that an appropriate enterprise architecture framework is selected for enterprise 
architecture development? 
Context: you are doing enterprise architecture in which case you have to choose an appropriate and effective framework to 
use in the development of enterprise architecture. 
Forces: 

 The selection of a framework can be very challenging due to many existing and competing frameworks. 
 The selection of a framework is dependent on its effectiveness in doing enterprise architecture and the experience of 

using such a framework.  
 Select a good framework that is understood by all participants. 
 Framework selection can be biased due to favouritism of one framework over another. 

Solution: 
Select an appropriate enterprise architecture framework that your expects have used and have experience in it. The framework 
will be used to create necessary enterprise architecture artefacts in accordance with desired architecture futuristic state. 
Related patterns: In this pattern language, there is no specific related enterprise architecture framework selection. 
Rationale: 
It is crucial to have an inventory of where an enterprise is, in relation to available business objectives implementing any 
business objective to establish where the new objectives are going to fit in the baseline business objectives.
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Fig. 6. Example of mapping a set of patterns for EA into a pattern language and graphically 
presenting the language using the abstractions and perspective of the Zachman Framework 
for Enterprise Architecture as canvas 

6 Conclusion 

The rapid growth of the field of information and communications technology imposes 
change as the only constant faced by most enterprises. The biggest challenge that 
enterprises are facing currently is how to keep track of their internal and environ-
mental changes as and when such occur. When an enterprise explicitly keep track of 
changes in its internal components and how these components interrelate to one an-
other, as well as environmental change, it is said to have done its EA explicitly [23]. 

There are many approaches towards implementation of EA to assist enterprises to 
overcome their challenges relating to managing change and complexity. However 
the existing approaches do not explicitly include patterns as an approach to EA devel-
opment and maintenance. The use of patterns and pattern languages in enterprise 
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architecture is a relatively novel concept and only a small number of patterns and 
pattern collection specifically aimed at enterprise architecture can be found in the 
public domain. In this paper we presented a pattern framework for enterprise architec-
ture (PF4EA), making use of, and augmenting some of the existing approaches to 
developing patterns and pattern languages (e.g. the work of Cunningham [15] and 
Meszaros and Doble [40] on creating patterns and pattern languages, respectively).  

The purpose of PF4EA is to fill the gap in research for a baseline method that can 
be used in the development of patterns and pattern languages for EA. Using an exam-
ple we illustrated how the use of the proposed framework can assist as a tool to 
understand the process of development and maintenance of patterns and pattern lan-
guages supporting the EA process. In future research a more comprehensive example, 
such as using TOGAF as selected framework, could complement this research and 
give more insight into the use of the framework. 
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Abstract. Currently the documentation of an Enterprise Architecture
(EA) is performed manually to a large extent. Due to the intrinsic com-
plexity of today’s organizations this task is challenging and often per-
ceived as very time-consuming and error-prone. Recent efforts in research
and industry seek to automate EA documentation by retrieving and
maintaining relevant information from productive systems. In this pa-
per major challenges for an automated EA documentation are presented
based on 1) a practical example from a global acting enterprise of the
German fashion industry, 2) a literature review, and 3) a survey among
123 EA practitioners. The identified challenges are synthesized to four
categories and constitute the foundation for future research efforts and
pose new questions not yet considered.

Keywords: Enterprise Architecture (EA), automated EA documenta-
tion, challenges, literature survey, model transformation, practitioner
survey.

1 Motivation

Decision makers need to be supported with sound and up to date information
about the EA [26]. This includes the organizational structure, processes, appli-
cation systems, and technologies [15]. Existing EA documentation approaches
struggle with the information volume and rapidly changing requirements within
organizations. A study conducted by Winter et al. [27] reveals a high degree of
manual work with very little automation during the documentation and main-
tenance of EA models. This high degree of manual work combined with the
increasing information volume of organizations results in very time-consuming,
error-prone and expensive maintenance of EA information. Next to meeting
these information demands of organizations, the EA documentation also needs
to achieve and sustain a high quality in the collected data [9].

Motivated by these problems recent research activities propose processes for
automated EA documentation [8] and investigate possible information sources
to retrieve relevant EA information from productive systems [6,7]. These initial
research efforts reveal a substantial amount of relevant EA information that can
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be gathered from productive systems and provide guidance for maintaining EA
models using these information sources. While first steps towards an automated
EA documentation in organizations were investigated, to the best of the authors’
knowledge existing literature did not investigate major challenges for automated
EA documentation. Literature regarding automated EA documentation is still
very scarce, so that identifying current challenges for this field requires additional
quantitative and qualitative analyses of current practices in organizations in
order to receive a thorough list of relevant challenges. In this paper we illustrate
model transformations to collect relevant EA information from three different
information sources, conduct a survey among EA practitioners, and investigate
current literature.

In the next section the applied research methodology to identify challenges for
automated EA documentation is presented. In Section 3 a prototypical model
transformation from an enterprise of the German fashion industry is provided to
identify transformation challenges. The results from a survey among EA prac-
titioners are shown in Section 4. Section 5 presents the identified challenges for
automated EA documentation before the paper concludes with a summary.

2 Research Methodology

The research methodology to identify challenges for automated EA documen-
tation is based on three different sources that are illustrated in Figure 1. The
selection of these sources was performed to provide a thorough list of challenges.
A prototypical model transformation for three potential EA information sources
is provided to identify challenges regarding the transformation of the collected
information into a central EA repository. Within a literature review major chal-
lenges for automated EA documentation are identified. Furthermore, a survey
among EA practitioners is conducted including questions on EA documenta-
tion and automation in particular. In the following the individual parts of the
approach are presented more detailed.

In previous work we have investigated an Enterprise Service Bus (ESB) from
an enterprise of the German fashion industry as one particular information
source [6]. With this information source entities of the ArchiMate meta-model
could be covered with up to 50% on the infrastructure layer, 75% on the ap-
plication layer and 20% on the organizational layer. In this paper we build on
these findings and investigate further productive systems from this enterprise in
order to integrate them into a central EA repository. We argue that considering
several information sources is necessary in order to reach a high model cover-
age since these productive systems provide information on different layers of the
EA. While an ESB can be used to retrieve information on the application level,
a network monitor tool for instance might provide more technical information
from the infrastructure layer. Therefore, an integration of several information
sources is an essential challenge to achieve an automated EA documentation.
Based on this prototypical implementation we identify challenges for the model
transformation and integration of information sources.
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Fig. 1. Research methodology to identify automated EA documentation challenges

According to Glaser et al. [11] we performed a content analysis of relevant
literature. This literature was identified with a database-driven review using the
AIS Electronic Library and IEEE Xplore [25]. Regarding the relevance of this
topic for organizations in practice the research efforts are still very scarce (cf.
e.g. [1]). Nevertheless, we identified several publications dealing with different
aspects of automated EA documentation. In previous work we have investigated
a model transformation and data quality aspects of an ESB from an organization
of the fashion industry [6,12]. Another concrete implementation using a security
network scanner can be found in [7]. A process and its requirements for auto-
mated EA documentation is presented in [8,9]. Next to these recent publications
on automated EA documentation we identified adjacent publications that deal
with related research questions.

Furthermore, we conducted a global explorative survey to analyze the status-
quo of EA documentation and investigate quality aspects of possible informa-
tion sources within organization. Within this survey over 1100 invitations were
sent by e-mail to EA experts for an online questionnaire. We received 123 an-
swers in total with organizations from, e.g., Canada, Germany, Great Britain, In-
dia, New Zealand, South Africa, Switzerland, and USA. Among the participants
were 68 Enterprise Architects (55.28%), 22 Enterprise Architecture Consultants
(17.89%), as well as 8 Software Architects (6.50%). The Enterprise Architec-
ture Consultants in this survey were asked to answer on behalf of one specific
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organization. Largest industry sectors of the participating organizations are Fi-
nance with 37 (30.08%), IT and Technology with 23 (18.70%), and Government
with 11 (8.94%). Main goal of this survey is to answer research questions on
the status-quo of EA documentation, relevant productive systems containing
EA information, data quality attributes of these systems, and typical integra-
tion problems for the identified information sources. First findings of the survey
show that documentation of EA information is a major challenge for organiza-
tions since it is regarded as very time consuming and the achieved data quality
is not sufficient. Furthermore, some organizations have already implemented au-
tomation in their EA documentation processes. In this paper we summarize the
questions as well as free text answers on automated EA documentation chal-
lenges organizations are currently faced with or are considered to be relevant for
the future.

3 Model Transformation

In this section we exemplify the combination of three models, namely 1) Itera-
plan that can be assigned to the business layer 2) SAP Process Integration (PI)
which is an Enterprise Service Bus (ESB) as a representative for the applica-
tion layer, and 3) Nagios, an infrastructure monitoring tool that gathers data
from the technology layer. Presented models have been reverse engineered from
the respective information source whereas semantics of the entities therein are
inferred through exegesis of respective documentation [14,22,20].

In practice, semantic concepts of those systems strongly depend on concrete
instance data. As reference to an existing and established standard, they are

Iteraplan

SAP PI

Nagios

Applications support for 
business processes

Homogenization

‘Automatically’ fix 
interface issues

Maintain interface 
information

Overview of machines, 
business & technical 

contacts

System performance, 
Backup, etc.

…

Enterprise 
Architect

Operations 
Manager

Infrastructure 
Manager

Impact analyses, e.g. 
business impact on 
hardware failure

…

…

Impact analyses, e.g. 
business impact on 

interface failure

Completeness
of AS-IS application 

landscape documentation

Fig. 2. Data model integration, use cases and sample concerns of stakeholders
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compared the ArchiMate 2.0 specification [24] where appropriate. Our industry
partner’s vision of an automated EA documentation, data should not only be
imported to a common repository, but also (vertically) integrated. As shown
in Figure 2, the systems we utilize as an illustrating example serve different
stakeholders and, thus, are especially suited for respective use cases. However,
when integrating these information sources vertically, i.e. by connecting these
information silos, impact analyses from top-down (e.g. ‘Which parts of my in-
frastructure is business critical?’) and bottom-up (e.g. ’Which business process
are influenced by server downtimes?’) are facilitated and each individual stake-
holder gets a more holistic view (for viewpoints see e.g. [2,5,3,23,13]). Moreover,
connecting an EA tool with operative systems also can be utilized to double-
check manually collected data, i.e. facilitate data correctness, completeness, or
detect white-spots.

3.1 Iteraplan

At the Business Layer Iteraplan covers concepts like Business Domains that
group Business Processes, Business Functions, Business Objects, Business Units
and, via the Business Mapping, also Products. Business Processes of Iteraplan
“have a Name and a Description, and may also have Attributes [...]. You can
also specify one or more subordinate Business Processes and the sequence of
these subordinate processes” [14]. In contrast, ArchiMate defines it as “[...] a
behavior element that groups behavior based on an ordering of activities. It
is intended to produce a defined set of products or business services” [24]. In
addition, we found that a Business Function of Iteraplan has a respective entity
in the ArchiMate specification, namely Business Function. Thereby, the former
is documented as “Business Functions have a Name and a Description, and may
also have attributes[...]” [14] whereas the later separates the meaning of Business
Functions and Business Processes and describes a Business Function as “[...] a
behavior element that groups behavior based on a chosen set of criteria (typically
required business resources and/or competences) [...and] while a business process
groups behavior is based on a sequence or ‘flow’ of activities that is needed to
realize a product or service, a business function typically groups behavior based
on required business resources, skills, competences, knowledge, etc.” [24].

Business Objects of Iteraplan are also defined as an entity with name and
description whereas the ArchiMate specification defines a Business Object “as a
passive element that has relevance from a business perspective” [24]. Moreover,
the ArchiMate specification details Business Objects “represent the important
‘informational’ or ‘conceptual’ elements in which the business thinks about a
domain. [...] Business objects are passive in the sense that they do not trigger or
perform processes” [24]. Product refers to the ArchiMate concept Product, where
a “[...] product is defined as a coherent collection of services, accompanied by a
contract/set of agreements, which is offered as a whole to (internal or external)
customers” [24]. In Iteraplan, the entity Product does not cover contracts or
agreements, but may include several Business Functions for this Product in a
Business Domain.
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ID_BB : int
NAME : String
DIRECTION : String
DESCRIPTION : String
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NAME : String
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Fig. 3. Simplified excerpt of the Iteraplan data model at the application layer

At the Application Layer, detailed in Figure 3, Iteraplan contains data about
Information Systems whereby “most work with Information Systems is done
by creating or modifying their releases” [14]. Thereby, each Information System
Release is a version of a particular Information System. Besides name and de-
scription, an Information System Release has two timestamps to indicate the
period in which a release is productive.

Information System in the sense of Iteraplan fall close to the Application
Component of ArchiMate. “An application component is defined as a modular,
deployable, and replaceable part of a software system that encapsulates its be-
havior and data and exposes these through a set of interfaces” [24]. Iteraplan
also contains information about Information System Interfaces which can be
directly mapped to Application Interface of ArchiMate “defined as a point of
access where an application service is made available to a user or another ap-
plication component” [24]. In Iteraplan, an Information System Interface “has
moreover relationships with the Business Objects it is transporting, and with
the Technical Components on which it is based” [14].

At the Infrastructure Layer Iteraplan uses a Technical Component to describe
for instance programming languages or frameworks, databases, or application
servers use by an Information System. A Technical Component can be com-
pared with a Node of ArchiMate “[...] defined as a computational resource upon
which artifacts may be stored or deployed for execution” [24]. Such a Node can
be a device, system software, or even a network element. Thereby a device is
“a hardware resource upon which artifacts may be stored or deployed for execu-
tion” [24]. In this vein, Iteraplan also uses Infrastructure Elements that “describe
the operating platform (servers etc.) on which the Information System Release
is running” [14].

The Iteraplan documentation describes the remaining entities from a tech-
nical view, i.e. they all have a name and a description field and may or may
not be hierarchically organized. As a consequence, it strongly depends on a con-
crete instance of Iteraplan whether its data refers to above outlined concepts.
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Iteraplan uses Attributes and Attributes Values to extend concepts by means of
key value pairs.

3.2 SAP PI

Figure 4 details the data model of SAP PI utilized as information source to map
a tool entirely used as knowledge management tool, namely Iteraplan, to the
real world, i.e. operative IT.
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Fig. 4. Simplified excerpt of the SAP PI data model

At the Business Layer, SAP PI only implicitly contains relevant information.
Considering the entire SAP PI data model, information about underlying, pur-
sued goals is completely absent. Even though business objects, i.e. “a unit of
information relevant from a business perspective” [24], are not directly included
in SAP PI, data types may indicate their existence (cf. SAP PI best practice data
naming conventions [21]). As a consequence, it strongly depends on a concrete
instance [6,12] whether the SAP PI system contains information about business
objects.

Central to the Application Layer is the Application Component specified as a
“[...] modular, deployable, and replaceable part of a system [...]” [24]. While SAP
PI introduces two similar concepts, software components and software products
whereas the former are not deployable. Products involved in message exchange
processes form an application collaboration. Access to the underlying services
provided by application components as well as their groupings is modeled by ap-
plication interfaces, semantically equivalent to SAP PIs enterprise service inter-
face. Which application component invokes which interface is implicitly included
in SAP PIs routing information (receiver determination and interface determi-
nation) defining the message exchange between enterprise service interfaces and
software products. While internal functionality of application components re-
mains invisible to SAP PI, first indications on external visible functionality (ap-
plication services) exist. Behavioral information in SAP PI is available rather
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indirectly in interfaces and the included descriptions of operations. However,
even though the operations contain all service information, it is questionable
whether the operations can be automatically aggregated to specify the service
forming the combined functionality.

At the Technology Layer, SAP PI comprises information about the underlying
infrastructure. This begins with ArchiMate’s node, modeling a computational re-
source which corresponds to SAP PI’s computer system. As the provided and
needed interfaces of infrastructure components are not essential for the coordi-
nation of applications, none of this information appears in SAP PI’s data. While
the underlying physical mediums are abstracted in SAP PI each invocation of a
service comprises two communication paths, one between the service client and
SAP PI and the other between SAP PI and the service provider. In ArchiMate,
system software (“software environment for specific types of components and ob-
jects” [24]) belongs to the behavioral concepts. In SAP PI, a subset of installed
system software is registered at the System Landscape Directory including the
following elements: operating systems, database systems, and technical systems.
In ArchiMate, artifact, the sole informational element, represents “a physical
piece of information” [24]. With the exception of files imported by the SAP PI
components such as WSDL files for specifying interfaces, information about ex-
isting artifacts, especially artifacts application components are realized by, is not
available.

3.3 Nagios

A simplified version of the data model for Nagios is shown in 5. As an infras-
tructure monitoring tool, Nagios does not contain any data referring to Business
or Application Layer. Nagios is able to actively and passively monitor infras-
tructure elements and thus contains manifold information about hosts, services,
and network elements. At the Infrastructure Layer Nagios uses the Downtime
History to manually store (planned) downtimes of hosts or services. If down-
times are defined assigned hosts and services are not checked anymore and no
notifications are sent to the contact person during defined periods, because the
downtime is scheduled.

object_id : Integer
instance_id : Integer
objecttype_id : Integer
name1 : String
name2 : String
is_active : Integer

Objects

servicecheck_id : Integer
instance_id : Integer
State : Integer
state_type : Integer
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Fig. 5. Simplified excerpt of the Nagios data model
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Nagios uses a client/server architecture and saves responses of acknowledg-
ment requests in the Acknowledgments class. For hosts, these acknowledgments
are up, down, or unreachable whereas for services, they can be either ok, warn-
ing, critical, or unknown. This data is stored together with a timestamp. The
Flappinghistory stores the flapping data of services or hosts, i.e. it saves the
event when one state of a service or host is changed. Nagios saves the periodical
checks of hosts in Host Checks whereas periodical checks of services are stored
as Service Checks whereby the state (up, down, or unreachable) is also captured.
Via the start time and end time attribute, the period of a certain state can be
calculated.

Since ArchiMate does not include such fine grained information, a mapping
may embrace nodes or devices (cf. above). However, monitoring tools can be
employed to map the ‘real world’ to an EA model to facilitate its completeness
and correctness. Mapping such fine grained information to an EA model refers
to the challenge of Data Granularity detailed below.

3.4 Vertical Model Integration

Figure 6 shows an example for a model mapping of the three above introduced
data models. As illustrated, transformation rule ϕ is required to perform a se-
mantically and syntactically correct mapping.

Fig. 6. Data model mapping of SAP PI and Nagios to Iteraplan
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As illustrated, SAP PI’s Computer Systems can be mapped to Infrastructure
Elements of Iteraplan. In our vertical integration scenario, Iteraplan’s Infrastruc-
ture Elements gets licensing information and installation numbers. In this vein,
the Nagios model element Objects contains an enumeration of objecttype_id
which can either indicate that the object is a host or an infrastructure service.
In this case, a mapping table has to be provided that maps Objects in Nagios
to Infrastructure Elements or Technical Components of Iteraplan by applying
a filter (objecttype_id == 1) ensuring only hosts are mapped. Another fil-
ter (objecttype_id == 0) can be used to identify services which subsequently
could be mapped to Technical Components. Thereby, ϕ first has to search for a
matching object (e.g. similar or even equal hostname or IP address). If a match-
ing object has been found, ϕ has to align data if a source attribute already
corresponds to a target attribute, e.g. validating or invalidating data.

Otherwise, ϕ could add/fill non-existing attributes or append values. Again,
attributes contained in the source model (Nagios) are transfered to the target
model (Iteraplan) to enable vertical integration. Thereby, fields contained in
both models need to be synchronized, e.g. the field description. Technical Sys-
tems of SAP PI can be mapped by ϕ to Technical Components of Iteraplan. In
this vein, naming conventions [21] are essential since ϕ needs an identifier for
each Technical System or Technical Component and a respective mapping table.
Commonly, IP addresses for instance are not maintained in an EA tool, possibly
in an ESB, but definitely in an infrastructure monitoring tool or Configuration
Management Database (CMDB). This becomes more critical when harmonizing
or vertically integrating three different data sources. Finally, SAP PI’s Business
Systems can be directly mapped to Iteraplan’s Information Systems. Thereby,
ϕ has to find the relevant Information Systems in Iteraplan first, or insert new
data, if the system does not exist.

4 Survey Results

Next to the exemplified model transformation from an enterprise of the German
fashion industry, a survey among 123 EA practitioners was conducted in order
to identify challenges for automated EA documentation. For this purpose we
asked the organizations what their current challenges in this context are using a
predefined set of challenges. In addition, we asked the organizations to provide
challenges not covered in our selection by using a free text field in the survey.
About 20 organizations utilized this option and provided information on further
challenges.

These challenges hindering automated updates in the documentation of the
EA are summarized in Table 1, whereas only a very small minority of 5 organi-
zations (4.07%) mentioned that they have no specific challenge in their organi-
zation. A total number of 123 organizations answered this question with at least
one of the provided answers. 91 (73.98%) of the organizations have mentioned the
abstraction gap between the EA and the information source as challenge. This
challenge has also been identified within the model transformation from Sec-
tion 3. The cost of integration for the EA tool was stated by 74 (60.16%) of the
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Table 1. What hinders updates in the context of EA?

Answer Count Percentage

Abstraction gap to EA model 91 73.98%

Cost of integration for EA tool 74 60.16%

Low data quality at information sources 55 44.72%

Low return of investment 35 28.46%

Security when using network scanners 17 13.82%

Other 20 16.26%

Nothing specific 5 4.07%

organizations indicating a missing support of existing solutions. Almost half of
the organizations (44.72%) also highlighted low data quality at the information
sources as challenging. Since organizations typically have multiple information
sources containing relevant EA information, further research is necessary to iden-
tify possible information sources and their data quality attributes. Automating
the EA documentation requires large initial investments in the organizations due
to the missing tool support. In our survey 35 (28.46%) organizations stated a low
return of investment as an obstacle. Around 17 (13.82%) organizations foresee
security when using network scanners as challenging. Usually these tools require
administrative rights since that have to be executed on the machines to monitor.

Table 2. Do you plan to use automated
EA model updates in the future?

Answer Count Percentage

Yes 25 20.33%

No 24 19.51%

Not yet con-
sidered

31 25.20%

Table 3. Why do you not plan to use
automation?

Answer Count Percentage

Too difficult 11 8.94%

Too expensive 9 7.32%

Not enough
ROI

9 7.32%

Not enough
tool support

8 6.50%

Other 6 4.88%

One organization stated within the free text field the definition of roles and
responsibilities for the collected data as challenging. Since a complete automa-
tion of the EA documentation is probably not achievable, manual activities will
be necessary in future. Therefore, appropriate roles and responsibilities are nec-
essary to coordinate the data collection and ensure a high data quality of the im-
ported information. Another organization mentioned the effort to transform data
from the information sources to the EA repository as challenging. Similarly, the
lack of standardization and the inclusion of all appropriate information sources
are related to this challenge. Many of these issues already have been investigated
in the exemplified model transformation in Section 3. Several organizations also
mentioned the general acceptance and a low degree of upper management aware-
ness of EA management as challenge. This is a critical challenge although it is
not directly related to automated EA documentation.
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The organizations were also asked if they plan to use automated EA model
updates in the future. The results are shown in Table 2 with 25 (20.33%) organi-
zations planing to use automation. At the same time 31 (25.30%) organizations
have not yet considered to use automated EA model updates. Therefore, almost
half of the organizations might apply techniques for automated EA documenta-
tion in the future. The 24 (19.51%) organizations not planing to use automation
were also asked give a reason for this decision that are shown in Table 3. 11
(8.94%) organizations envision automation as too expensive to implement in
their organization, while 9 (7.32%) organizations think it is too difficult to ac-
quire and it provides not enough return on investment. Around 8 (6.50%) of the
organizations mentioned that enough tool support for automated EA documen-
tation is available.

5 Challenges for Automated Enterprise Architecture
Documentation

In this Section challenges from the above presented model transformation from
an enterprise of the German fashion industry as well as the practitioner survey
are identified and grouped into three high-level categories. In addition, a litera-
ture review was performed to identify new challenges and align them with the
findings from this paper. An overview of all categorized challenges found in this
paper is shown in Table 4 containing a reference to the identified sources for
every challenge.

5.1 Data Challenges

The collection of appropriate data is the foundation to enable automated EA
documentation in organizations. Data challenges result from collecting data uti-
lizing productive systems that contain relevant EA information within organiza-
tions. Main reasons for these challenges are the multitude of possible productive
systems in organizations and the quality as well as actuality of the retrieved
information.

DC 1 - Overload of productive systems due to large volume of transactions for
automated data collection. Productive systems may be influenced in the daily
operation when the entire data store or parts thereof are collected during the
data collection step. As a result these these outlined mechanisms could lead to
unexpected peak loads in the productive systems. This can be quite a challenge
due to causal relationships in the infrastructure of the organization, especially if
the productive system used as information source is essential for the business. In
our illustrating example (cf. Section 3), the ESB can be considered as the nervous
system of an enterprise interconnecting business applications and processes [6].
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DC 2 - Selection of the right productive systems as information sources for EA
documentation. Automated EA documentation requires the integration of sev-
eral information sources in the organization. The selection of the information
sources need to assessed according to several categories as already identified by
Farwick et al. [8]. For this purpose the selection has to consider the content
of the information sources with respect to the relevance for EA. Another issue
in this context is the necessary effort to build an interface for exporting the
data from the information source. In many cases the productive systems have
no interface provided and their meta model needs to be reverse engineered in
an additional step [6]. Further examples are the data quality attributes and the
level of security that can be achieved for the exchange of the data.

DC 3 - Detection of changes in the real world EA and their propagation to the EA
model in the repository. Automated EA documentation consists of two major
steps, which are the documentation of the existing EA as well as the maintenance
of an appropriate data actuality of the repository. Maintaining the EA repository
requires an automatic detection of changes in the real world EA from different
sources. This includes for instance the detection of new information systems,
infrastructure elements, projects, as well as changes of these elements as high-
lighted by Farwick et al. [9]. Furthermore solutions are necessary to propagate
these changes to the EA repository.

DC 4 - Data quality in the productive systems not sufficient for the documenta-
tion of EA information. Automated EA documentation requires sufficient data
quality at the productive systems. However, 55 (44.72%) of the participating or-
ganizations in the survey envision the data quality of the information sources as
too low for EA documentation. At this point further research is necessary to eval-
uate possible information sources in organizations and their quality attributes.
Possible quality attributes for information sources that need to be investigated
are for instance actuality, completeness, correctness, and granularity. Next to
this evaluation of possible information sources in organizations, quality assur-
ance mechanisms are necessary to ensure the data quality using manual checks.

5.2 Transformation Challenges

Once the data could be collected from information sources of the organization a
transformation step needs to align this information with the target model of the
EA repository. To achieve this goal the transformation has to deal with several
challenges resulting from different models between information source and the
target repository.

TC 1 - Model transformation for the exchange of EA information necessary due
to missing interfaces and standards. As exemplified above, customized model
transformations are necessary to map the different information sources to a tar-
get model. Major reason for these individual model transformations are miss-
ing standards or non-conformance to standards of enterprises. Conformance to
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standards, e.g. to ArchiMate 2.0 [24], could simplify such a mapping for instance
when a semantically and syntactically correct mapping is required. The trans-
formation rules become more complex when adding new information sources. In
our case, additional mapping tables where provided. Thereby, a mapping func-
tion commonly first has to search for a matching object and, if found, align data
only if a source attribute already corresponds to a target attribute, e.g. validat-
ing or invalidating data. Otherwise, strategies like adding new attributes, filling
unset attributes, or appending values have to be chosen individually for each
transformation rule.

TC 2 - Ambiguous concepts imported from the productive systems in the orga-
nization require a consolidation. Our examples already indicate that rigorous
data migration mechanisms like table merging and data cleansing (see [17])
must be provided for such a vertical integration. We conclude that frequent
model changes of the target model are necessary when adding new information
sources. Thus, a non-rigid typed model could be beneficial to some extent. Moser
et al. [18] address the challenge of inaccurate data in the EA repository. Data
gathered from different information sources tends to be inhomogeneous [17],
i.e. different data formats or simply different lengths of fixed-character fields.
Regardless data is entered manually or automatically via import mechanisms,
data has to be consolidated. For instance, synonyms and homonyms have to
be cleared. In the worst case, ambiguous concepts are imported and have to
be cleaned afterwards. For manual data collection, Fischer et al. propose data
quality contracts [10] between different parties. However, for automation, this
remains a challenge after all and data migration mechanisms like a staging area
(see [17]) might be necessary.

TC 3 - Administration of collected data from the productive systems is required
to ensure actuality and consistency. A meta-model as mentioned by [8] is nec-
essary to automatically trigger activities to increase the quality of the collected
information. Such a meta-model needs to consider attributes for expiry time
of imported data elements, the date of last change, data responsibilities, data
sources, etc.

TC 4 - Duplicate EA elements imported from different productive systems of the
organization. Once imported in an EA repository, data can be analyzed. During
the analysis process, the actual source of an information piece could matter [8,9],
e.g. if information is wrong or bad data quality is detected. Identity reconciliation
also is a necessity to synchronize changes in the EA repository with the original
source.

TC 5 - Abstraction between the EA model and the imported information from
productive systems of the organization. Major challenge for organizations is the
abstraction gap between the EA model and the provided elements from the infor-
mation sources. 91 (73.98%) organizations rated this as the most important chal-
lenge for automation. This confirms our findings from Section 3. If our industry
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Table 4. Categorization of automated EA documentation challenges

ID Challenge Source

Data Challenges

DC 1 Overload of productive systems due to large volume of transac-
tions for automated data collection.

Model Trans-
formation

DC 2 Selection of the right productive systems as information sources
for EA documentation.

[8,6]

DC 3 Detection of changes in the real world EA and their propagation
to the EA model in the repository.

[9]

DC 4 Data quality in the productive systems not sufficient for the
documentation of EA information..

Survey

Transformation Challenges

TC 1 Model transformation for the exchange of EA information nec-
essary due to missing interfaces and standards.

Model
Transfor-
mation, [18]

TC 2 Ambiguous concepts imported from the productive systems in
the organization require a consolidation.

[10,17,18],
Model Trans-
formation

TC 3 Administration of collected data from the productive systems is
required to ensure actuality and consistency.

[8]

TC 4 Duplicate EA elements imported from different productive sys-
tems of the organization.

[8,9]

TC 5 Abstraction between the EA model and the imported informa-
tion from productive systems of the organization.

[9], Survey,
Model Trans-
formation

Business and Organizational Challenges

BC 1 Security vulnerability through monitoring tools in the infras-
tructure of the organization.

[7], Survey

BC 2 Not enough return on investment due to large initial investment
efforts.

Survey

BC 3 Involvement of data owners for the maintenance of imported EA
information.

Survey, [18]

Tooling

T 1 Synchronization of changes in the EA model to the underlying
productive systems.

[4,19], Model
Transforma-
tion

T 2 Collection of information not relevant or too fine-grained for
decision makers in the EA.

[8]

T 3 Analyses have to be decoupled from the meta-model. [13,16], Sur-
vey

T 4 Not enough tool support for automated EA documentation
available.

Survey, Model
Transforma-
tion

partner did not chose an integrative approach, elements imported from produc-
tive systems (SAP PI and Nagios) are too fine-grained for mere EA purposes. To
overcome the abstraction gap, EA documentation may be facilitated by human
tasks in a semi-automated manner.
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5.3 Business and Organizational Challenges

Next to rather technical issues resulting from the information extraction and
transformation of this information, there are further challenges regarding the
added business value of automation as well as the organization. Since it requires
large initial investments in organizations and proven solutions are missing in
industry, automation is not feasible in some situations.

BC 1 - Security vulnerability through monitoring tools in the infrastructure of the
organization. Network scanners provide information about the network architec-
ture of an organization regarding all devices that are communication over TCP
or UDP. This includes computers, firewalls, printers, and application informa-
tion [7]. In the survey conducted in this paper 17 (13.82%) organizations foresee
security as a critical challenge when using these network scanners for EA docu-
mentation. Since applications are actively observed within the machines, these
tools usually need to be executed directly on the observing infrastructure with
privileged access rights. As a result, tools monitoring infrastructure information
about the EA pose security vulnerabilities for an organization.

BC 2 - Not enough return on investment due to large initial investment efforts.
The initial effort to develop interfaces for the considered information sources
and the cost for adapting existing EA tools to support automated documenta-
tion is regarded as very high. As a result 35 (28.46%) of all organizations that
participated in the survey mentioned concerns about a low return of investment
for automated EA documentation. Among the 24 (19.51%) organizations not
planning to use automated EA model updates this issue was also raised as one
of the main reasons. 9 (7.32%) do not plan to use automation since it is too
expensive and does not guarantee any ROI.

BC 3 - Involvement of data owners for the maintenance of imported EA infor-
mation. Within the survey another organization stated the definition of roles
and responsible persons for the collected data as challenging. Defined roles are
necessary to coordinate the maintenance of EA models on a coarse-grained level.
Further responsibilities on the detail level of single applications, infrastructure
elements, and processes are required to maintain the EA model information.
These responsibilities are necessary since a complete automation of the EA doc-
umentation is not possible and manual quality assurance is necessary.

5.4 Tooling

Automated EA documentation is only feasible with the appropriate support of
tool vendors. However, available tools are not capable to support importing,
editing, and validating model data for automated EA documentation [16]. Ex-
isting solutions only support simple import mechanisms that are mainly limited
to Excel or CSV files.
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T 1 - Synchronization of changes in the EA model to the underlying productive
systems. The exemplified model transformation presented in Section 3 processes
data from the information sources to a target EA model by mapping the concepts
and attributes. The managed evolution of an EA requires architects to adapt
certain parts of the model, e.g., remove unused interfaces [4,19]. These changes
in the EAmodel need to be synchronized with the underlying information sources
that were used to import the information automatically. Ideally, this information
could be directly applied to a CMDB for instance to avoid multiple updates in
several applications that might create inconsistencies.

T 2 - Collection of information not relevant or too fine-grained for decision
makers in the EA. One of the main goals of automated EA documentation is to
provide as many as possible concepts of the EA model by gathering the informa-
tion from productive systems to avoid time consuming and error prone manual
data collection. At the same time the EA model needs to omit information that
are too fine-grained for decision makers in order to keep the model as lean as
possible. Therefore mechanisms are necessary to tailor the target EA model and
define concepts that should not be automatically imported [8]. A tool for auto-
mated EA documentation needs to support these requirements sufficiently.

T3 - Analyses have to be decoupled from the meta-model. An automated EA
documentation endeavor is an ongoing process and, thus, it is not very likely to
be realized with a big-bang strategy. Consequently, it is very likely that the meta-
model of the target model (EA repository) has to be extended over time. Current
EA tools [16] offer analysis mechanisms to analyze the EA meta-model with
respect to some extension mechanisms. Thus, it might happen these analyses
have to be altered when the EA model changes. As discussed in [13] by Hauder
et al. analyses of a frequently changing meta-model is a challenging task. We
conclude that analyses cannot be directly bound to the meta-model but the
subject to be analyzed (models) must be interchangeable.

T4 - Not enough tool support for automated EA documentation available. A
majority of 74 (60.16%) organizations stated that the necessary tool integration
is very expensive to extend existing tools for EA management. Among the 24
(19.51%) organizations not planing to use automated EAmodel updates in future
around 8 (6.50%) organizations mentioned not enough tool support as a reason
for this. Due to the lack of available solutions for automated EA documentation,
existing tools require a customized adaption to import EA information from
productive systems. In our example, we implemented the model transformations
individually.

6 Conclusion

In this paper, we have identified challenges for automated EA documentation.
Therefore we have investigated model transformations from three information
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sources, presented our findings from a survey among 123 EA practitioners, and
combined it with a literature study. Major challenges identified in this paper
are synthesized and grouped along the categories data, transformation, business
and organization as well as tooling. Within data challenges main aspects are the
data quality and the selection of appropriate information sources. Transforma-
tion challenges deal with the mapping from different information sources to a
central repository and the maintenance of this repository. Business and orga-
nization challenges address the added value of automation and the impact on
the organizational structure. As the last category, tooling contains challenges for
tool aided realization of automated EA documentation and the integration with
existing EA repositories. The present paper is the first contribution elaborating
challenges for automated EA documentation. These challenges constitute the
foundation for future research efforts dealing with the applicability and effec-
tiveness of automated EA documentation in organizations. We intent to discuss
identified challenges as well as solutions at TEAR and to critically reflect auto-
mated EA documentation when put into practice with the audience.
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Abstract. Modern enterprise engineering (EE) requires deep understanding of 
organizations and their interaction with their context. Because of this, in early 
phases of the EE process, enterprise context models are often built and used to 
reason about organizational needs with respects to actors in their context and 
vice versa. However, far from simple, this task is usually cumbersome because 
of knowledge and communication gaps among technical personnel performing 
EE activities and their administrative counterparts. In this paper, we propose the 
use of strategic patterns expressed with the i* language aimed to help bridging 
this gap. Patterns emerged from several industrial applications of our DHARMA 
method, and synthesize knowledge about common enterprise strategies, e.g. 
CRM. Patterns have been constructed based on the well-known Porter’s model 
of the 5 market forces and built upon i* strategic dependency models. In this way 
technical and administrative knowledge and skills are synthesized in a common-
ly agreeable framework. The use of patterns is illustrated with an industrial 
example in the telecom field. 

Keywords: enterprise pattern, enterprise context model, market forces, strategic 
dependencies, i* framework, iStar. 

1 Introduction 

Modern enterprises largely rely on information systems specifically designed to man-
age the continuously increasing complexity of interactions with actors in their context. 
Architecting such systems requires deep understanding of the enterprise context and 
strategies. Because of this, early phases of the enterprise engineering (EE) process are 
usually oriented to model the enterprise context. Enterprise context models, as part of a 
wider enterprise architecture model, include environmental actors (i.e., actors in the 
context of an enterprise that interact with it) and descriptions of the relationships 
among them. Resulting models help understanding the purpose of enterprises on their 
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environment, what is required from them, and to reason about the way in which they 
will respond to the specific needs generating value. 

Enterprise context models are therefore a fundamental piece that helps enterprise 
decision-makers to design and refine their business strategies and enterprise architects 
to understand what will be required from the resulting socio-technical system. How-
ever, far from easy, the construction of such models is usually a cumbersome task, 
mainly due to: 

• Communication gaps among technical personnel, who usually lacks knowledge 
about business strategies, modeling, planning, and administration skills; and their 
administrative counterparts, with similar limitation in relation to methodological 
business processes and requirements elicitation, and systems modeling techniques. 

• Limited knowledge of the enterprise structure, operations and strategy, which 
forces technical staff to spend important amounts of time studying and understand-
ing business, to be reconciled with time constraints resulting from internal and ex-
ternal pressures and narrow windows of opportunity, which increases the risk of 
misunderstandings or misinterpretations. 

One strategy to mitigate this situation is to foster knowledge reuse, designing some 
artifacts that may be used as templates for both technical and managerial personnel in 
order to improve understanding. In this paper we propose the use of patterns with this 
purpose. A pattern has been defined as a solution to a recurring problem in a particu-
lar context [1]. Patterns collect relevant knowledge that appears consistently through-
out several similar experiences, which has been systematized and stored in an appro-
priated structure for its future use in analogous settings. 

In our particular case, we are interested in storing enterprise context knowledge, 
which has been identified and systematized in the domain of business analysis and 
strategy. In order to make it accessible to enterprise architects, we represent this 
knowledge by means i* strategic dependency (SD) models [2]. Therefore, patterns 
include environmental actors and their strategic dependencies. Patterns emerged from 
several industrial and academic applications of the first activity of our DHARMA 
method [3], which requires the construction of i*-based context models. 

For building the catalogue of patterns, we distinguish two levels of abstraction. At 
the highest level, we make an analysis of enterprise behavior guided by the theory and 
the elements described in Porter’s model of the 5 market forces [4]. This analysis is 
applicable in general to any kind of enterprise. At the lowest level, we consider enter-
prise strategies which describe how a particular enterprise operates, e.g., Enterprise 
Resource Planning (ERP), Customer Relationship Management (CRM) and Supply 
Chain Management (SCM) [5].  

2 Background 

2.1 Porter’s Model of the Five Market Forces 

Porter’s model of the five market forces is designed to help organizations analyze the 
influence of 5 forces on their business and to reason about the strategies potentially 
available to make them profitable. Although subject of some criticism from its retrac-
tors, Porter’s model remains wildly accepted, studied and used in the practice [6].  
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According to Porter [4], “the essence of formulating competitive strategy is relat-
ing a company to its environment”. Although the environment is very broad encom-
passing social and economic forces, from the business point of view a key aspect in 
the environment of an enterprise is the industry or industries in which it competes. 
The state of competition in the industry depends on five competitive forces (see Fig. 
1): threat of new entrants; threat of substitution; bargain power of customers; bargain 
power of suppliers; and rivalry among current competitors. Lately, some authors have 
proposed a sixth force, the government, not only because of its regulatory power, but 
also because it may become a potential competitor in some industries e.g. public vs. 
private schools. We do not consider this force in this paper. 

 

Fig. 1. Porter’s model of the five market forces 

2.2 The i* Framework 

The i* framework [2] was formulated for representing, modeling and reasoning about 
socio-technical systems. Its modeling language is constituted basically by a set of 
graphic constructs which can be used in two models: the Strategic Dependency (SD) 
model, which allows the representation of organizational actors, and the Strategic 
Rationale (SR) model, which represents the internal actors’ rationale. Since our pat-
terns are defined as SD models, we focus the explanation on SD constructs.  

Actors in SD models are classified in DHARMA as human, organizational, soft-
ware or hardware. They can be related by is-a (subtyping) relationships and may have 
social dependencies. A dependency is a relationship among two actors, one of them, 
named depender, who depends for the accomplishment of some internal intention 
from a second actor, named dependee. The dependency is then characterized by an 
intentional element (dependum) which represents the dependency’s element. The 
primary intentional elements are: resource, task, goal and softgoal. A softgoal 
represents a goal that can be partially satisfied, or a goal that requires additional 
agreement about how it is satisfied. They are usually introduced for representing non-
functional requirements and quality concerns. Fig. 2 presents an i* SD model in the 
Ecuatorian Etapatelecom company, introduced in Section 6.1. 
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Fig. 2. An i* SD model for the Etapatelecom case 

2.3 The DHARMA Method 

The DHARMA method has been used in the context of this work. It aims at the defi-
nition of enterprise architectures using the i* framework [3]. The process resulting 
from the method (see Fig. 3) is initiated by modeling the enterprise context (1), then 
introducing the system in the organization (2), analysing its impact in detail (3) and 
identifying its generic enterprise architecture (4), i.e. actors that form the system, the 
services that must be covered by each of them and the relationships among them. It is 
clear, thus, that improving the initial construction of the enterprise context model 
would be of great help for the method applicability. 

2.4 Patterns in the i* Framework 

Several approaches about the definition and use of patterns in i* have been proposed. 
Among them, the closest proposals to ours are the works on social structures presen-
ted in [7][8], where the authors propose a set of social patterns, drawn from research 
on cooperative and distributed architectures. Several differences with our approach: 

• Formalization. We will provide a formal definition of pattern instantiation and a 
couple of metrics to measure coverage. 

• Size. In their work, patterns are intended to model different types of cooperation 
settings among organizations, e.g., Structure-in-5 and Joint Venture. In our ap-
proach, patterns are much more detailed and intended to model the context of par-
ticular organization instead of the relation among groups of them. 

• Background. Our approach is based on theory of business administration and 
marked strategy whilst these approaches are based on organizational theory. 

The aim of these works is to propose ontology for information systems, inspired by 
social and organizational structures. Our work is intended to provide guidance in early 
phases of the EE process, providing artifacts to bridge communication gaps among 
technical EE staff and administrative staff. 
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Fig. 3. The DHARMA method 

3 Formal Definition of Patterns 

Being aware that Alexander’s definition of pattern includes several parts that may 
play a fundamental part in a reuse strategy, in this paper we focus on the expression of 
the solution part expressed as an i* SD model. Although cumbersome, we consider 
this formalization a necessary step in order to be able to rigorously define the patterns 
and make possible some future work on analysis techniques and measures’ definition.  

3.1 i* SD Models 

Definition. i* SD Model. 

An i* SD model M is a tuple M = (A, D, L) being A the set of actors, D the set of 
dependencies and L the set of actor specialization links. 

Definition. Set of actors. 

Given the i* SD model M = (A, D, L), the set of actors A = {Ai} is such that each Ai 
is a pair (name, type), with type = (Human, Organizational, Software, Hardware).  

Definition. Set of dependencies. 

Given the i* SD model M = (A, D, L), the set of dependencies D (over A) is a set D = 
{di} such that each di is a tuple (name, dpr, dpe, type), with dpr, dpe∈A such that dpr 
≠ dpe, and type = (Goal, Softgoal, Task, Resource). 



 Building Strategic Enterprise Context Models with i*: A Pattern-Based Approach 45 

Definition. Set of actor specialization links. 

Given the i* SD model M = (A, D, L), the set of actor specialization links L is a set L 
= {li} such that each li is a pair (superactor, subactor), with superactor, subactor∈A 
such that superactor ≠ subactor (in fact, cycles are not allowed). 

We remark again that these definitions present some simplifications over the com-
plete definition of the i* SD models as available e.g. in the i* wiki [9], but the concepts 
introduced here are enough for the patterns identified so far. As mentioned above, 
these changes align with previous work on the use of i* in industrial settings (see e.g. 
[3]) which points to the fact that in practice some constructs create some confusion and 
act as an adoption barrier for practitioners. Also, as we will see in the next sections, we 
adopt three graphical conventions: first, we allow for a tabular representation of i* 
models, especially useful when models grow; second, we represent direction of depen-
dencies by arrowheads instead of the “D” convention of i*; third, given two 
dependencies d1 = (n, a1, a2, t) and d2 = (n, a2, a1, t), we can draw these two depen-
dencies using just a single graphical dependency with arrowheads in both directions. 
Bidirectional dependencies are useful to express mutual collaboration in actors. 

3.2 Patterns and Their Application 

In our proposal a context model patterns is nothing else than a plain i* SD model 
defined as in Section 3.1. 

Definition. Context model pattern. 
Any i* SD model M is a context model pattern. 

In Fig. 4 we show an excerpt of the context model pattern for our CRM case study, 
that will be introduced in more detail in Section 5. 

The key concept around patterns is that of instantiation. Instantiation is defined 
upon the notion of model correspondence, that defines how actors and dependencies 
of a pattern are assigned to other actors and dependencies that are defined on a differ-
ent space (i.e., the actors and dependencies of the enterprise, ent). 

 

Fig. 4. Example of context model pattern (excerpt) 





 Building Strategic Enterprise Context Models with i*: A Pattern-Based Approach 59 

7 Conclusions 

In this paper, we have presented a pattern-based approach for constructing intentional 
context models as i* SD diagrams. To this aim, we have analyzed a general model for 
enterprises, Porter’s model; one particular example of enterprise strategy, the CRM 
strategy; we have formulated patterns for this strategy; and we have studied the results 
of applying the patterns to some cases.  

The main advantage of our approach is its industrial applicability, in terms of 
theory, scalability and orientation: 

• The patterns synthesize knowledge about business strategies, making it accessible 
to requirements engineers and helping to close the gap between them and enter-
prisers since they can be used as communication bridge among technical and 
administrative staff. 

• Being based on solid theories like the Porter’s model and enterprise strategies like 
CRM, they provide a general foundation that applies to a lot of enterprises. 

• The level of detail (thanks to the solid foundation) including much more model 
elements that other existing proposals, makes it feasible to apply to real cases. 

• It is also important to remark that the pattern-based approach has been formally 
defined using an algebraic formulation of i* as baseline. This is also a differentiat-
ing characteristic compared to other pattern-based approaches. 

In addition to the context model patterns presented in this work, which resulted from the 
application of the first activity of the DHARMA method in industrial and academic 
experiences, we are also working on system context patterns and hybrid systems archi-
tectural patterns for generic ERP, CRM and SCM strategies. These patterns resulted 
from the application of the second, third and fourth activities of the DHARMA method.  
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