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Summary 

Information Technology (IT) infrastructure is a field of expertise that deals with the physical 

computer equipment that supports the IT of an organization, e.g. servers, network equipment, data 

storage and software that has a common use. Infrastructure Architecture Design (IAD) is about what 

equipment is used and how it is placed and configured so that the IT-infrastructure of an organization 

is transparent and therefore more reliable and easily maintainable. IT-infrastructure has become more 

and more complex since the 21
st
 century and consequently the field of IAD has only come into 

existence as a real discipline since this time, so IAD is relatively new to the field of IT. Therefore not 

much research has yet been done in this field. (Jumelet, 2007) 

Because of the lack of research done in this field, infrastructure architects learn the profession as they 

go with no formal process description, which results in a lack in transparency and quality control. The 

assignment for this project was to develop an IAD process that can be used within Atos Origin 

MO/IBS-Zuid Consulting & Architecture to streamline the IAD process to facilitate quality assurance, 

a more uniform approach to IAD by architects than is now the case and improved accessibility of 

conducting IAD by junior architects. This resulted in the following research question: 

“In what way can the infrastructure architecture design process be supported with the use of insights 

from application architecture?” 

The research is limited in two ways: The level of IT architecture as it exists in an organization and in 

the development process where an architecture is made and implemented. There are three levels of 

architecture within an organization (Jumelet, 2007): The business architecture (how the organization 

makes it products), the application architecture (how the production process is supported by IT) and 

the infrastructure architecture. This research pertains to infrastructure architecture, where application 

architecture is considered as input. The development process is limited in the sense that the phases up 

until the contract for the assignment and the implementation-phases are not considered. The research 

concentrates on diagnosis (what is the present situation and what are the requirements and conditions 

for the future situation) and solution design (where the actual design activities take place). The 

solution design phase ends when there is an uniquely implementable detailed design. 

First a literature study has been conducted to get acquainted with the field of IT architecture, where 

conceptual frameworks have been considered that distinguish different levels and viewpoints on IT 

architecture for placement of architecture efforts relative to other forms and levels of architecture. 

Furthermore architecture development frameworks have been considered that describe how 

architecture is performed. The conceptual frameworks helped in placing IT infrastructure in relation 

to business and application architecture, where the fit however was not perfect, since infrastructure is 

often not considered in sufficient detail. Also the development frameworks could not be matched to 

full extend to infrastructure, but provided reference for the Infrastructure Architecture Development 

(IAD) process that was to be developed. 

After the literature study, interviews were held with infrastructure architects to assess how IAD was 

performed in practice. Since there was no literature to compare this process with, the process as it 

occurs in practice was taken as a baseline, where fortunately all architects unconsciously adhered to 

the same IAD development process. Three phases occur in the IAD, which are called the Information 

Gathering and Analysis (IGA) phase, the High Level Design (HLD) phase and the Detailed Design 

(DD) phase. The IGA phase is (the start of) the diagnosis-phase mentioned earlier, that specifies the 

first delimitation of this research in the architecture development process. The solution design phase 
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mentioned earlier is filled in with the HLD and DD phases, which are the phases in which an 

architecture is developed and thus were a solution is designed. 

These three identified process phases then were further investigated, with the aid of literature, to 

assess what activities take place in these phases and what activities should be re-arranged or added to 

facilitate the IAD development process.  

In the IGA phase all information is gathered to be able to perform good IAD and during the research it 

became clear that a lot was to be gained in this phase. Structuring the gathered information about the 

current situation (both technical and organization in terms of motives, stakeholders and other context 

information) and  future situation (e.g. requirements) offered a lot of room for improvement, which is 

also caused by the fact that literature is very extensive on this subject. During the research also 

became clear that definitions play an important role in this phase. Functional and non-functional 

requirements in IAD (based on the interviews and Jumelet (2007)) were found to be of the non-

functional kind, as they are defined in IT-literature. This has great implications for the applicability of 

other literature (e.g. development frameworks from application development). Also the distinction 

between requirements and design principles had to be sharpened to structure the IGA phase. The IGA 

phase is closed off with a deliverable which states the necessary information to begin IAD 

development (e.g. assignment context, requirements and involved stakeholders). 

The High Level Design (HLD) phase is where the conceptual design is made and herein lies the core 

task and most added value of an infrastructure architect. The definition of a HLD is very difficult and 

the definition developed in this research is only an estimation of how deep the level of detail should 

be for it to remain conceptual and abstract, depicting only the core ideas and concepts applied in the 

architecture. Furthermore, the process description incorporates documenting of major design 

decisions. The traceability of requirements from the IGA phase into the HLD are taken up into the 

process design as an optional activity. 

At the start of the Detailed Design (DD) phase there is a HLD that incorporates all the major design 

decisions and this HLD needs to be elaborated to gain an uniquely implementable solution, which is 

the DD. These detailed and specialist designs are often made by specialists in a particular area (e.g. 

network or storage). Therefore this phase mainly revolves around the coordination and 

communication between these specialists and because of this, the process description states that early 

in this phase a deliverable is made that specifies the communication lines between specialists. Design 

decisions that have a reason to be documented (e.g. because at a first glance they seem illogical) must 

be documented and are specified with the design that is the deliverable for the end of this phase. 

Where the added value of literature in the IGA phase was significant, this was less the case in the 

HLD phase and practically non-existent in the DD phase. 

The research and process design is validated by feedback from the company supervisor, since there 

was no time for a validation with an actual IAD project. 

Although this research provides a starting point for research in IAD by defining an number of 

concepts and a development process, there is much room for further research on this subject. This is 

also because in infrastructure, architecture is employed in a different manner than in business and 

application architecture, where the latter two have already received much more attention in literature. 



VI 

Contents 

1. Introduction ........................................................................................................................................... 1 

1.1. Assignment .................................................................................................................................. 1 

1.2. Scope ........................................................................................................................................... 1 

1.3. Preliminary research questions .................................................................................................... 3 

2. Literature study ..................................................................................................................................... 4 

2.1. Conceptual frameworks ............................................................................................................... 4 

2.1.1. Zachman framework ............................................................................................................... 5 

2.1.2. Kruchten’s “4+1” view ........................................................................................................... 7 

2.2. Development frameworks............................................................................................................ 9 

2.2.1. DYA|Infrastructure ................................................................................................................ 10 

2.2.2. TOGAF ................................................................................................................................. 13 

2.2.3. Software Architecture ........................................................................................................... 16 

2.3. Discussion of literature .............................................................................................................. 20 

2.3.1. Research questions ................................................................................................................ 20 

2.3.2. Literature gap ........................................................................................................................ 22 

3. Research approach .............................................................................................................................. 22 

3.1. Research questions .................................................................................................................... 22 

3.2. Research design ......................................................................................................................... 23 

4. Field data and analysis ........................................................................................................................ 24 

4.1. Interviews .................................................................................................................................. 24 

4.1.1. Definition Infrastructure Architecture ................................................................................... 25 

4.1.2. Useful frameworks, concepts and definitions ....................................................................... 25 

4.1.3. Zachman framework ............................................................................................................. 27 

4.1.4. Framework of Kruchten (1995), adapted version ................................................................. 29 

4.1.5. Development process ............................................................................................................ 30 

4.1.6. Stakeholders, roles and responsibilities ................................................................................ 31 

4.2. Workshops ................................................................................................................................. 32 

4.3. Conclusion ................................................................................................................................. 34 

5. Process Design .................................................................................................................................... 35 

5.1. Information Gathering and Analysis ......................................................................................... 37 

5.1.1. Distinction between design principles and requirements ...................................................... 37 

5.1.2. Definition (non-)functional requirements ............................................................................. 39 

5.1.3. Non-functional requirement categories ................................................................................. 39 

5.1.4. Requirement pre-traceability ................................................................................................. 40 

5.1.5. Stakeholder identification ..................................................................................................... 41 

5.1.6. Deliverable ............................................................................................................................ 41 

5.2. High level Design ...................................................................................................................... 44 

5.2.1. Definition High Level Design ............................................................................................... 44 

5.2.2. Design decisions .................................................................................................................... 47 

5.2.3. Requirement post-traceability ............................................................................................... 48 

5.2.4. Deliverable ............................................................................................................................ 48 

5.3. Detailed Design ......................................................................................................................... 49 

5.3.1. Communication between specialists ..................................................................................... 49 

5.3.2. Design decisions .................................................................................................................... 49 

5.3.3. Deliverables ........................................................................................................................... 50 



VII 

6. Validation ............................................................................................................................................ 50 

7. Conclusion .......................................................................................................................................... 51 

7.1. Research questions .................................................................................................................... 51 

7.2. Reflection on literature .............................................................................................................. 54 

7.2.1. (Re-) defining ground concepts ............................................................................................. 54 

7.2.2. Development process ............................................................................................................ 55 

7.3. Limitations and suggestions for further research ....................................................................... 55 

References ................................................................................................................................................... 56 

Documents used for analysis .................................................................................................................. 58 

Appendix A: Background information Atos Origin/MO ............................................................................ 59 

Appendix B: Diagnosis and Solution Design phases .................................................................................. 61 

Appendix C: IAD assignment examples ..................................................................................................... 62 

Appendix D: Architectural design phases in literature ............................................................................... 68 

Appendix E: Interview questionnaire ......................................................................................................... 69 

Appendix F: Design elements in process phases ........................................................................................ 72 

Appendix G: Presentation workshops ......................................................................................................... 73 

Appendix H: Design principles in documentation ...................................................................................... 74 

Appendix I: Requirements in documentation ............................................................................................. 77 

Appendix J: Example of high level design ................................................................................................. 83 

 



1 

1. Introduction 

Information Technology (IT) infrastructure is a field of expertise that deals with the physical 

computer equipment that supports the IT of an organization, e.g. servers, network equipment, data 

storage and software that has a common use. Infrastructure Architecture Design (IAD) is about what 

equipment is used and how it is placed and configured so that the IT-infrastructure of an organization 

is transparent and therefore more reliable and easily maintainable. IT-infrastructure has become more 

and more complex since the 21
st
 century and consequently the field of IAD has only come into 

existence as a real discipline since this time, so IAD is relatively new to the field of IT. Therefore not 

much research has yet been done in this field. (Jumelet, 2007) 

1.1. Assignment 

Because of the lack of research done in this field, infrastructure architects learn the profession as they 

go with no formal process description, which results in a lack in transparency and quality control. One 

of the few books on this subject (DYA|Infrastructure by Jumelet (2007)) describes the embedding of 

infrastructure architecture in an IT-organization as an ongoing process which deals with changes, 

exceptions and policies that must be applied, but does not go into the actual design process by which 

an actual IAD is created.  

A uniform approach for IAD would facilitate communication between architects and make way for 

quality and efficiency improvements. A formal description of the IAD process and techniques used 

therein would furthermore facilitate the learning process for junior architects. To this end, this master 

thesis project is about designing a formal process for making an IAD. Techniques that can be used in 

the IAD process are also included in the definition of the IAD process description in this thesis. 

The master thesis project has taken place at Atos Origin B.V. within the Consulting & Architecture, 

which is in the department Managed Operations / Infrastructure Business Services (IBS)-Zuid (see 

appendix A for an organizational chart and further background information about Atos Origin). Atos 

Origin is a leading international IT service provider and offers integrated design, build and operating 

solutions to large multi-national clients in carefully targeted industry sectors. Atos Origin employs 

50,000 people worldwide, of which 9,000 in the Netherlands. The Unit Consulting & Architecture 

employs 32 employees, of which 16 are architects. 

From the unit Consulting & Architecture the assignment for this project was to develop an IAD 

process that can be used within Atos Origin MO/IBS-Zuid Consulting &Architecture to streamline the 

IAD process to facilitate:  

• Quality assurance 

• A more uniform approach to IAD by architects than is now the case 

• Improved accessibility of conducting IAD by junior architects 

1.2. Scope 

To define the scope of a typical IAD project within the unit Consulting & Architecture and also the 

scope of this research project, the research area is delimited in two directions as depicted in figure 1.1, 

where the non-relevant areas are grey.  
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First, this research project will limit itself on the level in which architecture is performed (shown on 

the vertical axis). On top is the business architecture (how the organization produces its products and 

services), which is supported by the IT-applications that it uses, which is the application- and 

information architecture there under. Enterprise Architecture is defined as the business, application 

and infrastructure together (Morgenwalp and Sage, 2003), but since the focus of analysis in enterprise 

architecture lies in the business architecture, the term business architecture will be used for the top 

level in figure 1.1. The application architecture that the organization uses needs computers to run on 

and computer networks to communicate over, which is the infrastructure architecture. (Jumelet, 2007) 

This research will limit itself to the architecture on the infrastructure level, where the 

information/application architecture is considered as input for the IAD process, because the function 

of the infrastructure is to support the applications that deliver the end-user functionality to the 

organization.  

Second, this research project will limit itself in the phases in the development process in which 

Infrastructure Architecture Design (IAD) is performed (shown on the horizontal axis). The research 

will limit itself to the Diagnosis- and Solution Design phases (see appendix B for a specification) 

from the ‘consultancy cycle’ that is used within the unit Consulting & Architecture, which is based on 

Scott (2000). This cycle is informal and is not actively enforced within Consulting & Architecture, but 

serves as a guideline for the process to come to an implemented solution. The consultancy cycle has a 

broader scope than this thesis (as can be seen in figure 1.1) and is of marginal use to this research, 

since only two phases fall within scope. However, the two phases that define the scope provide a good 

delineation of the phases where the architect has a leading role, since it is logically correct (one begins 

with assessing the current situation and end with an implementable solution) and also the begin and 

end conditions are well specified (see appendix B). The most formal part is at the end of the entry 

phase where there is agreement on the assignment description. Assignment descriptions (proposals) 

serve as input for the Diagnosis phase and have a project management focus (see appendix C for 

examples). Therefore, this consultancy cycle provides an excellent basis for delineation of this 

research project. The consultancy cycle depicts a one-time consultancy assignment, which means that 

the consultancy project is terminated at the end, as opposed to consultancy projects which are not 

terminated when the proposed solution has been designed or implemented. At the beginning of the 

Diagnosis-phase the contract is already signed, the assignment is known from the entry-phase and the 

architect needs to extract the necessary information for conducting IAD. Because the actual IAD task 

of the architect begins in the Diagnosis phase, this is a good phase to take as the beginning of the 

scope for this assignment. At the end of the Solution Design phase there is a detailed description of 

how the proposed IT-infrastructure design should be implemented, which serves as input for the 

action planning and implementation phases. This means that the design assignment of the architect is 

over and therefore makes a good endpoint for the scope of this thesis. 
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The IAD process often runs in parallel with the designing of a business- and application structure and 

therefore it is important to stress that the designing process under consideration pertains to 

infrastructure with the information/application architecture as input for the IAD process. The 

definition of what should be included in the concept of infrastructure is complicated and has been 

changed over the years and still different authors employ different descriptions (Jumelet, 2007). For 

now the definition of Jumelet (2007) will be taken, who states that infrastructure is the collection of 

generic facilities that have a utility-function in the whole area of IT-applications of an organization. 

According to Jumelet(2007) this definition encompasses the following elements: digital 

communication-networks, server platforms, storage facilities, client systems and middleware. Also 

print and file storage facilities and used protocols are taken into account, because they also serve as a 

supporting facility to the applications defined in the application architecture. 

1.3. Preliminary research questions 

As stated earlier, not much is known about infrastructure architecture in literature, so in the literature 

study in the next chapter the following questions will be tried to be answered: 

• What activities does literature put in the Diagnosis and Solution Design phases from Scott 

(2000)? 

Since there are three levels of architecture that are of influence on infrastructure landscape a definition 

of these levels is needed. 

• How does literature make the distinction between the business, application and infrastructure 

architecture? 

Business architecture lies far away from infrastructure, because the focus of the analysis in business 

architecture is process-oriented, namely the question asked is “What activities do we do to run our 

business?” This comes forward in interrogatives mentioned in Morgenwalp and Sage (2003), who 

suggest that for each task one must ask why this task is important, how it should be accomplished, 

what activities need to be done, when and where is it to take place and who will accomplish the task. 

Therefore only methods and principles from application architecture will be considered, since these 

are more likely to have sufficient commonality with infrastructure to be of use. 

L
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 Business architecture 

Information/application architecture 

Infrastructure architecture 

Acquisition Entry Diagnosis Solution Design Action Planning Implementation Termination 

 
Development process 

Figure 1.1: Different levels of architecture and the architecture development process. 

Development process phases from Scott (2000), levels of architecture from Jumelet (2007) 
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• Which architecture development methods and principles from application architecture are 

most likely to be of use in infrastructure? 

2. Literature study 

To answer the research questions in the introduction and to get familiar with IT-architecture, a 

literature study has been conducted. First, frameworks that distinguish the different levels and 

viewpoints of IT-architecture will be considered. These are the frameworks of Sowa & Zachman 

(1992) and Kruchten (1995). The development frameworks that follow will be related to Kruchten 

(1995) and Sowa & Zachman (1992) to assess which levels and viewpoints are considered and this 

provides a basis for objective comparison of the development-frameworks which differ in focus and 

area of applicability. 

2.1. Conceptual frameworks 

To position the literature in terms of different views on the same system, framing in terms of 

conceptual frameworks is needed. The frameworks of Sowa & Zachman (1992) and Kruchten (1995) 

try to distinguish different perspectives on architecture, where Sowa & Zachman (1992) is a general 

framework, not confined to one area of architecture, where Kruchten (1995) is designed for software 

architecture. To make Sowa & Zachman (1992) and Kruchten (1995) comparable to each other, they 

will be placed within the framework explained in the introduction, which is depicted in figure 1.1. The 

discussion will have the following elements, which basically are the two dimensions (level of 

architecture and development process) in figure 1.1: 

Level of architecture: This will describe how the framework positions itself on the vertical axis in 

figure 1.1, in other words for which level of architecture it is originally made. 

Development process: This will describe how the process phases in the framework compare to the 

Diagnosis and Solution Design phases on the horizontal axis in figure 1.1. 
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2.1.1. Zachman framework 

 

Figure 2.1: The framework of Sowa and Zachman (1992) (picture from Douwe Dekker (2008)) 

In the article of Zachman (1987) a framework is proposed to structure the mode of documentation of 

an architectural design, which in the article is applied on software architecture, which is within the 

application-architecture in figure 1.1, with an extension to infrastructure in the “Network” 

perspective. The notion of different views and different documentation levels within these views can 

also be applicable to infrastructure, since structuring of hardware components can also exist on 

multiple levels of detail. In basic form (that is later elaborated on in Sowa and Zachman (1992)) the 

dimensions consist of Data, Function and Network (on the horizontal axis in figure 2.1). Each of these 

dimensions is divided into views. The general idea behind this is that top-down, each professional has 

a more detailed view on the same dimension that need to be designed, as is the case with software and 

infrastructure design. The framework will be explained in the software-domain, since this is the form 

in which it is originally described. As can be seen in figure 2.1, at the top level (Planner’s view) there 

is a scope description, a list of things that are important to the business (e.g. registration of 

employees). This scope description is translated in a high-level technical design, called the owner’s 

perspective. For instance, an ‘object’ from the real world where data needs to be recorded from (e.g. 

an employee) is incorporated in an entity relationship diagram, where this employee is represented by 

the entity “employee”. So a translation is made from the real world and adding more detail to the 

design in the sense that the first step towards integrating an employee in the design has been made. 

From the owner’s view, a similar model is drawn up, but this incorporates more technical constraints 

(e.g. The entity “employee” is split up in tables that state the name and address and another table 

states all the jobs this employee has done, a 1-n relationship).  This is the designer’s view. From the 

designer’s view the builder’s view is constructed, which states the field of data that need to be 

included (e.g. employee number, name and address for an employee). At last the detailed 

representation is constructed, which states in detail how the tables are constructed (e.g. the name for 

an employee is implemented as a string with maximum 30 characters in length). In Sowa and 
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Zachman (1992), the dimensions People, Time and Motivation are added, which follow the same 

principle of increasing levels of detail towards the lower rows in the table in figure 2.1. Sowa and 

Zachman (1992) also define roles in a design project that are responsible for certain designs e.g. that 

the System Designer is responsible for the System Model (see figure 2.1). 

Discussion 

If a single architect fulfills multiple roles, the framework provides delimitation for the different levels 

of design that can be distinguished to keep overview over the design process.  The Network-

dimension concerns the infrastructure at a higher level, not covering the level of detail needed to make 

a complete infrastructure design, considering the factors that have to be described according to 

Jumelet (2007) (e.g. backup solutions). The Data- and Function-dimensions pertain to the data- and 

process-structure of a software-system and are most likely only applicable to software systems. 

Level of architecture 

Zachman (1987) focuses on architecture in general and therefore makes this notation likely to be 

applicable to all three levels of architecture (from figure 1.1), including infrastructure.  

The Objective/Scope and Enterprise model corresponds to the enterprise architecture, since in these 

models, the business architecture is considered, in other words the way the organization delivers its 

products. Also the People, Time and Motivation perspectives on the horizontal axis in figure 2.1 fall 

within the business architecture in figure 1.1, since it is the business architecture that deals with 

organizational architecture, the way that organization is controlled and how business rules are 

implemented and enforced. 

The Data and Function perspective from the System model on down fall within the application 

architecture since the application architecture deals with the data and software system architecture. 

The Network perspective deals with the infrastructure architecture from figure 1.1, where 

infrastructure architecture deals with the views from the System Model on down. Since the 

infrastructure supports the business and application architecture, the other perspectives and views 

from Sowa and Zachman (1992) can serve as input for assessing the non-functional requirements, e.g. 

the business rules and organizational architecture can serve as input for how security is implemented 

in the infrastructure architecture. 

Development process 

However the Zachman-framework is not process oriented, a certain phasing can be discovered in the 

Network perspective. The distributed system architecture and technology architecture can be 

considered a high level design, since these architectures represent a logical and physical 

representation of the information system, without giving a detailed, implementable representation. 

The Detailed Representation in the Zachman framework then gives the implementable solution. All 

these phases can be placed in the Solution Design phase in figure 1.1. The Diagnosis phase from the 

consultancy cycle is supported mainly by the System Architecture Model (since the application 

architecture serves as input for IAD), but since the input for IAD is very diverse (Jumelet, 2007) all 

other models can be of use as well. 

Since the input for the Diagnosis phase in figure 1.1 is very diverse and it is already common practice 

to take the application architecture as input, the added value of the Zahman-framework can lie at best 

in the recognition of the different perspectives that need to be accounted for when looking for input 

for IAD. In the Solution Design phase the Zachman-framework can help by delimiting the tasks and 
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responsibilities of the different designers in an architecture design process (when there are high-level 

and detailed designers in a project). 

2.1.2. Kruchten’s “4+1” view 

Kruchten’s “4+1” view (Kruchten, 1995), which is also part of the Rational Unified Process (RUP) 

model from Kruchten (2004a), can also be positioned on the application architecture level in figure 

1.1, where infrastructure is marginally considered in the ‘physical view’ as described below. Also 

Kruchten (1995) recognizes different views on the same system. 

The logical view in figure 2.2 depicts the services 

(e.g. personnel administration) that the system 

delivers and on which other classes of services 

these delivered services depend (e.g. a customer 

registration application relies on a database 

application for the correct management of data). 

The process view depicts the independent 

processes that run within the system and how 

these communicate with each other and the 

outside world (e.g. the customer registration 

application and database application/service 

depicted as running processes instead of static 

software packages). The development view 

depicts the modules to be built as layers. The top 

layers depend on the bottom layers, so these 

bottom layers need to be built first (e.g. The database service needs to be built first to let the customer 

registration application make use of it). At last the physical view represents the infrastructure the 

information system runs on. This physical view defines computers as ‘nodes’, which are connected by 

communication lines. The software processes are then mapped onto these nodes and lines, which are 

not specified further in terms of technical specifications, with the exception for data lines with high 

capacity, which are distinguished with a thicker line. 

Adaptation to infrastructure 

Since the application of Kruchten (1995) in its original form to infrastructure will result in everything 

falling within the physical view which would make for an analysis that is not interesting, an 

adaptation of the framework to infrastructure would be useful to assess whether the conceptual 

relations within the framework could also be valid for infrastructure. This would leave the conceptual 

relations within the Kruchten (1995) intact and would allow for more insight in IAD. 

The idea behind this adaptation is that Kruchten(1995) is mapped onto IT-infrastructure architecture, 

where modules and connections are translated to their physical counterparts i.e. software services 

become software packages, because in software the ‘services’ of applications provide the end user 

functionality, whereas the end user functionality in infrastructure is provided by allowing software to 

run on the physical equipment with enough performance, uptime, reliability etc. This re-definition of 

end-user functionality shifts the views in Kruchten (1995) to other elements of an information system, 

as explained below. 

The logical view in figure 2.2 could be perceived as the structure of software packages. In software 

the end user functionality is defined as a collection of services provided for the user (Kruchten, 1995), 

Figure 2.2: The "4+1" view model. (From: 

Kruchten (1995)) 
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whereas in infrastructure the end user functionality is defined as the software that is allowed to run on 

the infrastructure. This view forms the basis for the rest of the model, as also depicted by the arrows 

in figure 2.2. 

The process view can be the physical (structure of) servers on which these software packages run. In 

software the process view depicts the separate running processes that provide the end user 

functionality, in infrastructure this view can depict how the software (end user functionality) is 

mapped to the servers (running processing nodes), which gives insight in how the software is mapped 

onto the hardware. 

The development view can depict which servers/software programs depend on which others. In 

software these dependencies are between modules (which provide the end user functionality from a 

software point of view), in infrastructure these dependencies are between software programs (which 

provide the end user functionality from an infrastructure point of view). This development view can 

be of use within infrastructure, because if the whole infrastructure goes down for some reason (e.g. 

power-failure), the operators must know which servers need to be up and running first, because other 

servers depend on them. 

The physical view can depict the network connections with which the servers are connected to each 

other. In software the communication lines are abstract with no detailed specifications, in 

infrastructure this view can depict the type of the communication lines that are used between the 

servers. In this view the software and infrastructure architecture don’t differ very much, since the 

focus is on network architecture, albeit that in infrastructure the specification of the processing nodes 

and communication lines would be more detailed. The use for this view is the same as in the original 

software-focused version, namely to gain insight in what elements are physically connected with 

which other elements. 

The scenarios in figure 2.2 tie all the other views together in diagrams and depict how the different 

objects interact with each other when a particular request is made on the system. This concept is 

problematic, since an infrastructure exists for the common needs of all applications and the individual 

requests of all these applications are very large in number. Scenario’s can however be understood as 

standard situations that can occur in infrastructure, like a broken communication link or a power 

failure. Accounting for these scenarios allows for architects to pre-test the infrastructure for 

robustness without it being built by reasoning about the scenario that would occur when a certain 

exceptional situation occurs.  

The adapted version of Kruchten (1995) seems to be applicable to infrastructure in the Solution 

Design phase (figure 1.1) in terms of assessing machine specifications (process view) and the way the 

system is implemented on paper, however the latter aspect (Development view/implementation) is 

outside the scope of this research. This framework gains insight in how an information system can be 

developed, taking into account different perspectives on this system to prevent some aspect in the 

development to be overlooked. However this framework is developed from software systems, with an 

adaptation to infrastructure as explained above, an application to infrastructure is possible. Since this 

research is about infrastructure architecture and Kruchten (1995) incorporates this form of 

architecture very poorly (physical ‘nodes’ and ‘lines’ without any further specification), an 

substantiated adaptation to infrastructure, as explained above, is necessary to make the concepts of the 

Kruchten (1995) framework applicable to infrastructure. 
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Discussion 

Kruchten (1995) is development-process-oriented, whereas Zachman (1987) is more descriptive of the 

system to be designed, not taking into account the development process explicitly. This comes 

forward in the focus on the way a system is developed and performs, rather than static diagrams in 

how parts of the systems connect with each other in Zachman (1987). Since the development of a 

software system differs from the development of an infrastructure design, an adaptation of the model 

is necessary to make it fit to infrastructure and make it more likely that Kruchten (1995) will be 

applicable to infrastructure. 

Level of architecture 

The original framework of Kruchten (1995) pertains to application architecture and to infrastructure 

architecture in figure 1.1, but infrastructure is considered only very lightly, going no further than 

nodes (servers) that are connected by communication lines, without further specification. The adapted 

version of Kruchten (1995) pertains to infrastructure completely, where the application architecture is 

considered only as input for the IAD process. 

Development process 

The Diagnosis phase in figure 1.1 is considered in the Logical view since the logical view is the input 

for the design process, where the Development, Process and Physical view pertain to the Solution 

Design phase. This is true for the original version and the adapted version, since the focus in the 

adapted version is shifted from application to infrastructure architecture, leaving the development 

phasing intact. 

2.2. Development frameworks 

To identify phases that exist in process descriptions of existing architecture methods a number of 

architecture development methods are discussed here. These architecture development methods 

describe the phases along the horizontal axis in figure 1.1. At the end of each method description, the 

method will be related to Sowa and Zachman (1992) and Kruchten (1995) to assess on which level of 

architecture the method is positioned. From Sowa and Zachman (1992) only the Network view will be 

considered, since this view corresponds with the domain of infrastructure. From Kruchten (1995) the 

adaptation to infrastructure made in the previous paragraph will be considered, for reasons explained 

in the previous paragraph. In the discussion the following elements will occur, which follow the same 

order for each method to allow for objective comparison: 

Relating to Zachman(1987): Describes what views from Zachman (1987) the architecture 

development method encompasses in the Network perspective, since this is most directly relevant to 

IAD. 

Relating to the adapted version of Kruchten (1995): Describes what views from the adapted version 

of Kruchten (1995) the architecture development method encompasses. Software methodologies could 

be described by the original Kruchten-framework, but this analysis would have nothing to do with 

infrastructure at all. 

Apart for the architecture development methods that pertain or partially pertain to infrastructure, 

software architecture has a longer history. The software architecture development methods are not 

considered as a whole, because software architecture differs from infrastructure at least in the sense 

that software architecture relies on design patterns, classes and objects (Gamma et al., 2005) and these 

concepts are not applicable to infrastructure, since physical objects cannot be spawned instantly, 
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where this is indeed possible with virtual objects. Therefore a “cherry picking” approach will be 

taken, meaning that elements that can be applied to infrastructure, apart from the architecture 

development method as a whole, will be considered. 

2.2.1. DYA|Infrastructure 

Jumelet (2007) has written DYA|Infrastructure on 

architecture design for infrastructure, in which a structural 

process approach is taken on IAD, meaning that it describes 

how infrastructure architecture is to be embedded in an 

organization, including governance and handling of 

changes to the infrastructure. Also DYA|Infrastructure 

recognizes the use of building blocks, which are standard 

defined elements in the IAD to facilitate reuse and 

uniformity in the design. These building blocks will be 

discussed further in this paragraph. This book positions 

itself in figure 1.1 on the infrastructure-level with a heavy 

focus on the Diagnosis-phase in figure 1.1. As can be seen 

in figure 2.3, Jumelet (2007) describes the following steps 

to come to an implementation of architecture: 

Architectural Study: Describes a proposed architecture to 

be embedded in the organization. For each architectural 

study an impact analysis is made (these are the deliverables for this phase) to assess the gap between 

the present and the desired future situation. 

Project Start Architecture (PSA): This is a formal definition of the architecture principles, models 

and standards that apply to a project and mainly contains references to the Product Catalog. If any 

costs associated to the products in the Product Catalog are known, these are also included to serve as 

input for a global estimate of the project. If the Project Start Architecture is validated by the person 

responsible for the architecture, the design process can start. The deliverable (document) can be 

positioned together with the Architectural Study at the end of the diagnosis-phase in figure 1.1. 

Design Guidance: This is the phase in DYA|Infrastructure where the actual IAD takes place, which is 

not specified further and also is the focus of this research. The architect is considered to have a 

supervisory role towards the domain-specialists (e.g. network- or storage specialists), who make the 

actual designs. This contradicts with the practice with Atos Origin, where infrastructure architects 

have an active designing role and not all tasks are delegated to specialists, hence the need for a 

definition of the IAD process in general and not for specialist designs, e.g. network- or storage 

designs. This phase corresponds with the Solution Design phase in figure 1.1. 

Guiding of Building, Testing and Deployment: Just like the Design Guidance phase, the architect has 

a supervisory role in this phase, which concerns the implementation of the proposed architecture. This 

phase corresponds with the Action Planning and Implementation phase in figure 1.1. 

Problem Solving Support: In this phase the proposed architecture is implemented and the architect 

has a supporting role in the solving of problems that arise when using the implemented solution, e.g. 

problems due to changes made to the solution or a changed environment. This phase does not 

correspond to any of the phases in figure 1.1, where the difference comes forward between the 

Figure 2.3: Input for and stages of 

Project Guidance (from: Sogeti (2008)) 
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consultancy-setting of the IAD considered in this research (projects with a defined begin- and 

endpoint) and the continuous character of DYA|Infrastructure.  

Reference Architecture: The Reference Architecture is a collection of architecture principles, which 

are statements and guidelines to which the infrastructure should adhere. Each facility of the 

infrastructure is described in purpose, functionality, way of usage and management of the facility. 

Examples of architecture principles could be that the interface of a planning application should be 

available 24/7 or that the information given by that interface should never be older than one hour. To 

facilitate standardization, the technical components out of which the facility is comprised is also 

described (protocols, operating system, hardware etc.). This reference architecture and its standards 

and principles influence the whole development of the design, which is also depicted in figure 2.3. 

Building blocks 

The building block model (see figure 2.4) in 

DYA|Infrastructure is a model that supports and is 

used in the different phases in DYA|Infrastructure and 

in both the Diagnosis and Solution Design phase in 

figure 1.1. A building block (e.g. an e-mail service) is 

a single infrastructure facility that provides 

infrastructure functionalities in a work area (e.g. 

servers or network) and environment (e.g. back office 

or test-environment) and is described by elements 

(e.g. hardware, software and protocols) and quality 

attributes (e.g. availability and security). 

DYA|Infrastructure is a framework that encompasses 

the IAD process and follows a bottom-up approach by 

defining the building blocks first out of a specification 

of desired functionality and accompanying quality attributes.  

Discussion 

DYA|Infrastructure is a framework that encompasses the IAD process and follows a bottom-up 

approach by defining the building blocks first out of a specification of desired functionality and 

accompanying quality attributes. The preparation for an IAD project is very thorough and seems to be 

extensively considered. The added value of DYA|Infrastructure will therefore lie in the Diagnosis-

phase in figure 1.1, since it is this phase that considers the preparation that is made for IAD. Jumelet 

(2007) states that the infrastructure has a functional description of the infrastructure, which is a 

description of the functionality that needs to be delivered and quality attributes for the building blocks 

(see also figure 2.4). Since functional requirements are functions that a system performs for an end-

user as response to an action of a user (Kotonya and Sommerville, 1998), ‘functionality’ as in types of 

applications or the existence of certain features on a system does not fall into this definition. 

Therefore further study is needed about the positioning and classification of requirements in existing 

literature to the types of requirements Jumelet (2007) distinguishes. 

Level of architecture 

DYA|Infrastructure exclusively pertains to the infrastructure architecture on the vertical axis in figure 

1.1. 

Figure 2.4: The five dimensions of the 

building block model (from: Sogeti (2008)) 
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Development process 

In the consultancy cycle DYA|Infrastructure encompasses the phases Diagnosis (In 

DYA|Infrastructure Organizational Context Analysis, Reference Architecture, Product- and Service 

Catalog, Architecture draft, Planning and Project Start Architecture), Action Planning (Impact 

Analysis) and Implementation (Build-, test- and rollout guidance). The Solution Design phase which 

is very relevant to this research is brought under Design Guidance in DYA|Infrastructure, which is not 

elaborated on further. 

Relating to Zachman(1987) 

Since DYA|Infrastructure is a framework that focuses on the preparation, guidance and 

implementation of the infrastructure design and documentation/diagrams are generated in the Solution 

Design phase, DYA|Infrastructure can only relate to Zachman (1987) in terms of the planner’s view. 

The reference- and project-start architecture and architecture draft are documents in the form of lists 

of infrastructure components that (will) exist in the organization and are at the level of the planner’s 

view. 

The building blocks that are constructed are very 

detailed and correspond to the detailed view. The 

notion that DYA|Infrastructure does not contribute 

to the Solution Design phase in figure 1.1, comes 

forward here in the fact that the included views 

from Zachman (1987) are the Planner’s view (which 

is the input for the design, describes what has to be 

built) and the implementation (detailed view). All the views that pertain to the actual designing (the 

phases between the highest and lowest view) are absent, which is depicted in table 2.1. 

Relating to the Kruchten (1995), adapted to infrastructure 

 The mapping of DYA|Infrastructure to Kruchten (1995) adapted to infrastructure is described below 

and as can be seen, the development and physical views are missing, since the actual development of 

architecture will result in which servers depend 

on which others and how the links between the 

servers are made and this is missing in 

DYA|Infrastructure. In the building block model, 

the software of the different servers and the 

servers themselves are defined and this corresponds 

to the logical- and processing view, although the 

structure/connections-parts of these views are 

missing in DYA|Infrastructure, which can be seen in table 2.2. 

Conclusion 

There is one major downside of DYA|Infrastructure: The actual development of IAD is put under the 

“Guidance of Design” phase and not specified further, whereas the focus of this research will lie in 

the actual process to come to an IAD. The preparation that has to be done for IAD is however well 

considered, which results in a number of deliverables, as described above. Jumelet (2007) furthermore 

states that designers will design the architecture and the architect has a more supervisory role. This 

means that the architect does not have an active role in the process itself anymore and since only 

building blocks and guidelines are defined, the cooperation between the infrastructure elements isn’t 

covered by this method, what in my opinion is a major shortcoming. This also comes forward in the 

View Zachman (1987) DYA|Infrastructure 

Planner’s view Included 

Owner’s view - 

Designer’s view - 

Builder’s view - 

Detailed view Included 

View (Kruchten, 1995) DYA|Infrastructure 

Logical view Partly included 

Process view Partly included 

Development view - 

Physical view - 

Table 2.1: Relating DYA|Infrastructure to 

Zachman (1987) 

Table 2.2: Relating DYA|Infrastructure to 

Kruchten (1995), adapted to infrastructure 
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major holes DYA|Infrastructure leaves in the adapted framework of Kruchten (1995), where the 

artifacts of the actual designing are missing. Especially striking is the fact that in the framework of 

Sowa and Zachman (1992) only the top-level and detailed view are considered, which expresses the 

focus of DYA|Infrastructure on the input in the IAD process and the process of implementation which 

follows when a design has been made. Therefore the main conclusion is that DYA|Infrastructure will 

mostly be of use in the part of the to-be-designed IAD process that corresponds with the Diagnosis-

phase in figure 1.1. 

2.2.2. TOGAF 

TOGAF (The Open Group, 2009) is an approach for guiding the architecture design process from the 

business architecture on downward. It encompasses the whole enterprise architecture with one phase 

for the technology architecture, where the application- and infrastructure are considered together. 

The architectural process in TOGAF begins with an architectural vision based on general principles 

that exist within the organization context, which states what the architecture should be aimed at and 

which goals of the organization the architecture should help reach. From this vision, the business 

architecture is derived, which corresponds with the business architecture-level in figure 1.1. From the 

business architecture, the information-systems architecture is derived, which corresponds with the 

application architecture-level in figure 1.1. The next phase of TOGAF (named Phase D: Technology 

Architecture, depicted in figure 2.5) concentrates on both the technical part of the application 

architecture and the infrastructure level in figure 1.1. Phase E is partly relevant up until the point 

where there is an agreed-upon architecture design, the implementation planning phases are outside the 

scope of this thesis. I recognize however that the implementation planning will most likely interact 

with some implementation choices because a particular solution can, for instance, cost less when the 

actual implementation planning is made due to new insights gained, but to keep the focus in this 

research I will not account for this feedback. Also, the implementation costs can be estimated when 

the architecture is being designed. The development of the business, information systems- and 

technology architecture in TOGAF each go 

through the Diagnosis- and Solution Design 

phase in figure 1.1. The following phases 

(Migration Planning, Implementation 

Governance and Architecture Change 

Management) address the Action Planning 

and Implementation phase from figure 1.1. 

Since architecture in TOGAF is an ongoing 

process, the Termination-phase in figure 1.1 

is never reached. 

As opposed to DYA|Infrastructure, TOGAF 

offers a more concrete process-oriented 

approach toward the design process itself. 

The Technology Architecture is applicable to 

infrastructure- as well to application design, 

but the focus lies more on the application-

side. In phase E there is only a subset of 

actions relevant to this research, namely the 

decisions for which implementation options 

to choose.  

Figure 2.5: The sub-phases within phase D of TOGAF 

(From: The Open Group (2009)) 
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TOGAF phases 

The relevant phases from TOGAF (the sub-phases within the technology-architecture, figure 2.5) will 

be discussed below, since these are relevant for comparison with the design steps found in practice. 

D1.  Create baseline 

In this phase a description of the current system is drawn up according to TOGAF-description 

standards. For this, data is gathered for the current system and this information is checked. Then the 

technology architecture model is made and verified. This phase marks the start of the Diagnosis-phase 

in figure 1.1. 

D2. Consider views 

The technology architecture of the current system is analyzed from different viewpoints from different 

stakeholders. This way, it can be ensured that all requirements from all stakeholders are considered. 

First, the appropriate reference models and patterns are selected to depict the different requirements in 

the system design. Then relevant viewpoints are selected and these viewpoints are documented. After 

brainstorming, the technical constraints are derived from these viewpoints and these constraints are 

modeled and analyzed to make tradeoffs if there are any conflicts. 

D3. Create architectural model 

In this phase of TOGAF the Solution Design from the consultancy cycle begins. First, the relevant 

technological building blocks are identified and a model is made for each different viewpoint to 

ensure all stakeholders’ needs are covered. Then the model is checked if it meets the business needs 

and supports the principles, objectives and constraints specified. After that, the building blocks are 

specified in more detail and possibilities for re-using building blocks are investigated. At last the 

model is checked against the constraints and the rationale for decisions made is documented. 

D4. Select services 

For each building block in the designed system there are services portfolios made to map what 

services are provided by these individual building blocks. These services are then grouped and 

checked against stakeholder’s needs. Also conflicting services can be identified and change-requests 

can be made. 

D5. Confirm business objectives 

Since every system is implemented for a purpose, this check is to ensure that this purpose is met. 

Building blocks are validated with stakeholders and the findings are documented. 

D6. Setting criteria for specifications 

To ultimately determine the specifications and standards for the final design, the criteria for the 

detailed specifications of the target system must be set. This pertains to criteria that are 

implementation-specific, like that the used standards and protocols must be open and not proprietary, 

the technology must be widely used and mature and must adhere to specific legal requirements. 

D7. Define detailed architecture 

All the information gathered from the previous steps and the partial design already made are now 

finalized in a formal detailed design. Also an impact analysis is done to see if any of the previous 
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designs must be revisited to incorporate possible changed identified in this design that have severe 

impact on the other designs. 

D8. Gap analysis 

In a matrix the services and functionality of the current system is set against the newly designed 

system. Services that are included in the new and old system are marked as included in the 

intersecting cell and new and deleted functionality are also indicated (with reason included), so no 

functionality is accidentally left out. 

E. Selecting between options 

In the previous phases often multiple implementation options are available. In the subsequent phase 

“Opportunities and solutions” the most favorable option is chosen and the work to be done is divided 

and planned. The focus of this thesis project however ends with the choosing between the 

implementation options so one final design is put forward. This marks the end of the Solution Design 

phase in figure 1.1. 

Discussion 

TOGAF follows a top-down approach, starting at the business architecture and ending at 

infrastructure, where infrastructure is not considered very extensively. Also an interesting note is that 

the deliverables in this method are iteratively updated as the project progresses. So a (sub-)phase has 

separate end deliverables, but also adds content/detail to input-documents, like the targeted 

technology architecture. 

Level of architecture 

TOGAF covers all three levels of architecture in figure 1.1, where the emphasis lies on the business- 

and application architecture, since the ‘technological architecture’ in TOGAF encompasses the 

technical part of the application architecture (e.g. decisions on what operating systems the software 

should run) and the high-level part of the infrastructure (e.g. what software program will run on what 

kind of machine, without giving any details about this machine). 

Development process 

For the technology architecture, TOGAF encompasses the Diagnosis phases (subphases 1 and 2 from 

phase D from TOGAF) and Solution Design phase (subphases 3 to 8 and of phase D from TOGAF 

and part of phase E from TOGAF). 

Relating to Zachman(1987) 

Since Zachman(1987) pertains to all three levels of architecture, only the sub-phases of phase D 

(technology architecture) are described, because relating phases in the application- and enterprise 

architecture would result in a very extended, irrelevant 

analysis. The technical documents in TOGAF are 

constructed in parallel, making a more detailed version of 

each document in each process step. TOGAF considers the 

whole architecture design process from the business 

architecture down to the infrastructure architecture (see 

figure 1.1). Only the details of the infrastructure are not 

detailed enough to yield a workable implementation just 

View Zachman (1987) TOGAF 

Planner’s view Included 

Owner’s view Included 

Designer’s view Included 

Builder’s view Included 

Detailed view - 

Table 2.3: Relating TOGAF to 

Zachman (1987) 
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from TOGAF. Therefore the detailed view from Zachman (1987) is not included, which can be seen 

in table 2.3. 

Relating to the Kruchten (1995), adapted to infrastructure 

TOGAF covers all elements of Kruchten (1995) adapted to infrastructure (see also table 2.4), because 

the functionality of the targeted system is considered (logical view), the physical server farm (the 

process view), which servers and services depend on what 

others (development view) and how the network connections 

are made (physical view). The notion that TOGAF covers all 

elements from Kruchten emphasizes that this is a extended 

framework, the level of detail in these views is not sufficient 

for an implementation, but that does not mean that these 

views are not considered. 

Conclusion 

TOGAF is an architecture design method aimed at making a complete design on the business, 

application and (to a large extent) technological level. This also comes forward in that TOGAF 

matches all views in Zachman (1987) and Kruchten (1995), except for the detailed view. In the 

relevant phases (phases within phase D of TOGAF) of this model a detailed process description is laid 

out to come to a technical oriented design and therefore also to an IAD, however this method is not 

specifically aimed at an IAD, which comes forward in the fact that IAD is not considered in detail. 

TOGAF seems at first sight complicated and the question is if an actual design process will pass 

through all these steps (parts of the design are checked multiple times in different phases). Another 

caveat is that the method accounts for new insights gained in the technology architecture to be fed 

back to the preceding business- and information systems architecture. Also the method heavily relies 

on the input from the business- and application architecture. In the consultancy setting considered in 

this research, incorporating this input will not be feasible, since an assignment pertains to a part of the 

organization and these costs are not calculated in the contracting phase. 

2.2.3. Software Architecture 

As there is not much literature available on IAD, other sources of literature in connecting disciplines 

are consulted. The field of software engineering lies close to IT-infrastructure and architecture has 

more history in software engineering. Due to the close proximity of software engineering, this 

discipline is most likely to have to most commonalities with IAD which can result in the discovery of 

concepts, definitions and methods that can be applied to infrastructure, e.g. requirement engineering 

methods and tools. 

Infrastructure differs too much from software architecture in contents (e.g. design patterns and use 

cases are not applicable) and therefore the relevant elements from software architecture design 

methods will be discussed here, so comparisons to Zachman (1987) and Kruchten (1995) as an 

integral method for infrastructure architecture design are not useful. Instead characteristics that are of 

possible use within the domain of IAD will be discussed. Process phases will be discussed to show 

how the more mature area of software architecture deals with the Diagnosis and Solution Design 

phases.  

In the article of Hofmeister et al. (2006), a number of major software architecture techniques are 

considered and 3 commonalities were found among them: 

View (Kruchten, 1995) TOGAF 

Logical view Included 

Process view Included 

Development view Included 

Physical view Included 

Table 2.4: Relating TOGAF to Kruchten 

(1995), adapted to infrastructure 
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• Focus on quality requirements that affect the architecture design 

• Design elements are depicted in multiple views on the same system 

• Iterative synthesis and evaluation phases 

Focus on quality requirements means that each architecture design methodology incorporates the 

attention to non-functional requirements in a way. The Rational Unified Process (RUP) considers a 

list of non-functional requirements that is checked during each synthesis- and evaluation cycle. In 

Architecture Driven Design (ADD) a (standard) design pattern is chosen based on the quality 

attributes identified. In Siemens’ 4 views (S4V) the quality attributes are assigned to the appropriate 

view one can have on the system to ensure the quality requirement is met. In BAPO/CAFCR quality 

attributes are raised in one view on the system and met in another view as a regular requirement. 

Architectural Separation of Concerns (ASC) defines Architecturally Significant Requirements (ASR) 

which are requirements that encompass both the functional and non-functional requirements. 

According to Hofmeister et al. (2006), all researched software architecture development methods 

recognize different views on the same system. By considering multiple views the needs of different 

stakeholders are expected to be met. 

When designing, all methods analyzed by Hofmeister et al. (2006) have an iteration process, which 

comes down to the development of an architecture(-view) and the subsequent evaluation and possible 

redesign. The following phases can however be distinguished in each method: Architectural Analysis, 

Architectural Synthesis and Architectural Evaluation, which are depicted in figure 2.6. 

 

Figure 2.6: A generic development process for software architecture. (From: Hofmeister et al. (2006)) 

The Architectural concerns are the concerns of the different stakeholders and the Context is the 

context in which the system is going to be used, like the type of organization or industry the software 

is going to be used in. These conditions result in an analysis which results in Architectural Significant 

Requirements (ASRs). The actual designing then takes place in the Architectural Synthesis which 

results in Candidate Architectural Solutions, which are then evaluated against the requirements In the 

Architectural Evaluation, which results in a Validated Architecture. This method is very high level 

with only one phase where different proposed solutions are designed and they are evaluated in the 

next phase, this framework is not likely to contribute significantly to a IAD process design. 
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Since the term ‘stakeholder’ seems to play a major role in the designing of software architecture, one 

can ask what typical stakeholders are involved in software architecture. The IEEE1471-2000 standard 

states that at least the following stakeholders should be identified: 

• Users of the system 

• Acquirers of the system 

• Developers of the system 

• Maintainers of the system 

Although that this list is not complete, it provides a baseline from which to work from when 

identifying stakeholders, which can be useful in an AID process description. 

Also the concept of “Backlog” is introduced in Hofmeister et al. (2006), meaning that the 

requirements and concerns are iteratively taken up into the design, since processing all requirements 

at once isn’t possible. The architects decide when to incorporate a requirement into the design, where 

the decision is often made under the influence of external forces, like influential stakeholders or 

simply the need to relieve the pressure from a stakeholder by implementing a requirement first. 

(Hofmeister et al., 2006) The concept of backlogging seems logical, but explicitly naming this 

concept allows for explicitly incorporating this into the IAD process design. 

Since the description of infrastructure requirements from Jumelet (2007) indicates that the 

requirements for IAD are non-functional, the article of Bosch and Molin (1999) can have use, since 

they propose a number of methods to assess non-functional requirements: 

Scenario-based evaluation: When there are specific situations where there is particular behavior 

expected from the system, this scenario can be specified in detail so testing is possible when the 

system is built. For instance, when a computing grid in an infrastructure needs to go down for 

maintenance, the other units should be able to catch the workload of the grid going down. 

Simulation: Even before the system is built, expected behavior can be simulated based on the capacity 

of the system and the workload (-variation) from the environment. 

Mathematical Modeling: With the aid of Mathematical Programming (e.g. Markov-chains) the 

performance of parts of the system can be determined in a more static and verifiable way than with 

simulation.  

Logical Reasoning: Through experience system engineers often know what is expected of a particular 

kind of system in terms of non-functional requirements and also logical reasoning itself can yield 

valuable insights. 

As with many methods mentioned in Hofmeister et al. (2006), the framework from Bosch and Molin 

(1999) reason from the possibility of applying standard design patterns for particular tasks and 

standard design patterns are not applicable to infrastructure, since they have a virtual nature (Gamma 

et al., 2005).  

Kazman et al. (2006) propose a new method for guiding the architecting process, called Analytic 

Principles and Tools for the Improvement of Architectures (APTIA). This method accounts for that 
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there is already an architecture present which needs to be analyzed. This method has the following 

phases: 

• Perform an Architecture Trade-off Analysis to select between different concerns of 

stakeholders 

• Determine the focus of analysis based on risks identified in Architecture Tradeoff Analysis. 

• Use quality attribute models based on the identified risks to understand the architecture. 

• Based on model-based analysis, propose useful alternatives for models/decisions. 

• Rank the alternative models according to cost/benefit. 

• Make design decisions. 

An important aspect of the APTIA method is that an architecture has a certain focus (e.g. reliability or 

performance) (Kazman et al., 2006). Since an IT-infrastructure is very diverse with many different 

applications (Jumelet, 2007) one focus for design is not a feasible option, the APTIA method would 

not be very helpful. It is however interesting to note that again in this architecture development 

method stakeholders play a major role. 

Discussion 

Because the contents of the phases in software development processes deviates too much from 

infrastructure (e.g. use cases and design patterns are not applicable in infrastructure), these methods 

are not considered as a whole. Consequently, the comparison to Kruchten (1995) and Zachman (1987) 

is not made, since the analysis with these frameworks would be focused just on this contents. 

Therefore a “cherry picking” method is applied, meaning that only the elements from the software 

architecture development methods that have commonality with infrastructure and can be applied 

separately from the whole software development method are considered in this paragraph. For the 

level of architecture, the software architecture development methods logically pertain to the 

application architecture on the vertical axis in figure 1.1. 

It can be stated that a design process is of an iterative nature, which comes forward in every software 

design method. Also, the notion of different views on the system to gain insight is something that all 

methods incorporate. These views are made for different stakeholders, where the IEEE1471-2000 

standard provides a good starting point in defining which stakeholders need to be identified. The 

global process seems, logically, to be an analysis of the present situation (and system), a synthesis of 

thoughts for improvement and an incorporation of the proposed improvements into the architecture 

design and validation of the architectural design. The software architecture methods furthermore seem 

all to favor standardized design patterns, which will be difficult to apply to infrastructure, because of 

the often used concepts of class inheritance, masking of object properties and the on-the-fly creation 

of objects, which only apply to the virtual world (Gamma et al., 2005).  

Development process 

Regarding the development process, the software architecture development frameworks are very 

equally divided over the Diagnosis and Solution Design phases (see appendix D), with a slight 

emphasis on the Solution Design phase from the consultancy cycle.  
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2.3. Discussion of literature 

In appendix D, the typical process phases literature puts in the Diagnosis- and Solution Design phases 

from Scott (2000) are outlined. The global division of the phases of the architecture design process is 

the diagnosis- and solution design phase of the consultancy cycle, which indicates the delineation of 

this research.  Also TOGAF seems to be the most complete architecture design method, which is 

detailed in both the Diagnosis- and Solution Design phase. DYA|Infrastructure has a strong focus on 

Diagnosis and is weak on the Solution Design phase. The development methods of Hofmeister et al. 

(2006) and Kazman et al. (2006) are more equally divided over the Diagnosis- and Solution Design 

phase. This could indicate that when the area of  infrastructure architecture matures (e.g. to the level 

on where software architecture is now), the (elaboration of) phases in the Solution Design phase will 

increase, to which this thesis is a start. 

In tables 3.5 and 3.6 can be seen how DYA|Infrastructure and TOGAF relate to the frameworks of 

Zachman (1987) and the adapted version of Kruchten (1995). DYA|Infrastructure is missing parts 

from both Zachman (1987) and Kruchten (1995) and this is because the actual infrastructure 

architecture design is not considered in this method. TOGAF misses the detailed view of Zachman 

(1987), since the infrastructure is not considered in such detail that it would yield an implementable 

solution. In the articles of Hofmeister et al. (2006) and Kazman et al. (2006) the contents in the 

process phases differs from infrastructure in such a degree that comparing them to the network-

perspective of Zachman (1987) and the adapted version of Kruchten (1995) is not useful. 

View (Kruchten, 1995) DYA|Infrastructure TOGAF 

Logical view Partly included Included 

Process view Partly included Included 

Development view - Included 

Physical view - Included 

 

 

View Zachman (1987) DYA|Infrastructure TOGAF 

Planner’s view Included Included 

Owner’s view - Included 

Designer’s view - Included 

Builder’s view - Included 

Detailed view Included - 

 

2.3.1. Research questions 

In the introduction three preliminary research questions were stated that will be answered below: 

What activites does literature put in the Diagnosis- and Solution Design phases from Scott (2000)? 

The different phases literature puts in the Diagnosis- and Solution Design phase in figure 1.1 are 

summarized in appendix D. From this table can be seen that the analyzed methods differ significantly 

in focus that they put on different parts of the design process. Also here comes forward that 

DYA|Infrastructure has a strong focus on the Diagnosis-phase and is weak in the Solution Design 

phase and TOGAF covers both phases very well. 

Table 2.6: Comparison of views from Zachman (1987) for the different 

architectural design methods 

Table 2.5: Comparison of views from the adapted version of Kruchten (1995) 

to infrastructure for the different architectural design methods 
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How does literature make the distinction between the business-, application- and infrastructure 

architecture? 

Sowa and Zachman (1992) consider different levels of architecture in different views, Kruchten 

(1995) only distinguishes different views (without the different levels of detail) on the same system, 

as discussed in paragraph 2.1. With the original framework from Kruchten (1995) (without the 

adaptation to infrastructure) the business architecture is considered in the Logical view (figure 2.2) 

and infrastructure is considered in the physical view. In Sowa and Zachman (1992) the business 

architecture is considered in the conceptual view (the second row in figure 2.1), where the means of 

doing business is described by process models, work flow models etc. The application architecture 

then is described by the logical-, physical-, out-of-context-view, except for the network-perspective, 

in which the infrastructure is considered. Also the out-of-context view  of the people perspective is 

relevant to infrastructure, since security is also an issue in infrastructure, but is not exclusive for 

infrastructure. 

Which architecture development methods and principles from application architecture are most likely 

to be of use in infrastructure? 

The methods and principles from the literature study that are most likely to be of use in infrastructure 

are summarized below: 

• The Network-perspective from Sowa and Zachman (1992) to position infrastructure to 

business- and application architecture. The views (levels of detail) are useful in determining 

the level of detail a design has, making it possible to distinguish between a design on a higher 

level and a detailed design. 

• The framework of Kruchten (1995) (adapted to infrastructure) to position infrastructure to the 

business- and application architecture. 

• DYA|Infrastructure for naming and framing of infrastructure architecture itself and this 

method can help in the definition for numerous concepts that are applicable to infrastructure. 

Also elements for a Project Start Architecture, or something like this which comes in the AID 

method developed in this thesis, can be taken from the PSA as defined by DYA|Infrastructure. 

• The discrepancy between functionality as described in DYA|Infrastructure and literature, 

because this might reveal the underlying problem of the difficult applicability of literature on 

software/application and infrastructure architecture. 

• TOGAF can be used as a comparison for the development process for IAD as they occur in 

practice, but TOGAF covers IAD not in sufficient detail. 

• From software architecture: 

o Recognition of different views on the same system 

o Recognition of the fact that a design process is of iterative nature. 

o Prioritizing (“backlogging”) of requirements 

o Elicitation methods for non-functional requirements 

o IEEE1471-2000 standard for identifying stakeholders 
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2.3.2. Literature gap 

In general it can be stated that, also according to Jumelet (2007) the existing literature focuses on the 

architecture on the enterprise- and application level. In some more elaborate frameworks a modest 

extension is made to the infrastructure-level (TOGAF and Kruchten (1995) in its original form), but 

these are not detailed enough to specify a complete infrastructure design, also because these 

frameworks are very open, not specifying what can and cannot be described. DYA|Infrastructure from 

Jumelet (2007) is an infrastructure design method, but doesn’t describe how an IAD is made. Herein 

lies a literature gap, regarding the architectural design process for infrastructure. Which phases should 

such a process have, which deliverables should be expected and how do the roles and responsibilities 

of the stakeholders lie? 

3. Research approach 

Due to the lack of research done on infrastructure architecture, the approach that was taken in this 

research is part of exploratory nature. When the field data was gathered, the research focused on 

structuring the findings and literature to give them a theoretical foundation, the so-called “naming and 

framing”. Though this theoretical validation, IAD could be positioned in existing literature in terms of 

commonalities and differences with adjacent fields. This exploration of commonalities and 

differences allows for checking if the basic assumptions for models and frameworks in literature are 

met, which in turn provides a selection mechanism for usage of literature on IAD.  

In this chapter the research questions will be discussed first, after which the research design is 

described. 

3.1. Research questions 

Since there was not much research done on the development of Infrastructure Architecture Design 

(IAD), the focus should lie on the exploration of ways to support the IAD process as it occurs in 

practice. Therefore the main research question is: 

In what way can the infrastructure architecture design process be supported with the use of 

insights from application architecture? 

Insights are defined in these research questions as concepts, frameworks and definitions that exist in 

professional disciplines. For instance, the concept of requirements backlogging from Hofmeister et al. 

(2006) or the concept of building blocks from Jumelet (2007). 

To adequately address this research question, a precise definition of infrastructure architecture is 

needed, which is addressed in the first sub-question: 

1. How can infrastructure architecture be defined? 

Since the existing literature on infrastructure architecture is very thin, insights from adjacent fields of 

expertise need to be consulted to provide a theoretical framework, where the application architecture 

is likely to have the most commonalities given the close proximity in the overall IT-system 

development process (see also figure 1.1). The frameworks of Sowa and Zachman (1992) and the 

adapted version of Kruchten (1995) can help in positioning the IAD process in the overall spectrum of 

literature. Also the concept of building blocks comes forward in literature on architecture, which is 

interesting to reflect on practice. 
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2. Which frameworks, concepts and definitions (e.g. from application architecture) are useful 

in the infrastructure architecture design process? 

To support the infrastructure architecture process, a process description is needed, which states what 

process steps and accompanying deliverables need to be made to develop infrastructure architecture. 

3. What phases and accompanying deliverables should an infrastructure architecture 

development process have? 

Since projects generally have multiple stakeholders that have input in the process (Which is 

recognized by Zachman (1987), Kruchten (1995) and IEEE1471-2000), this also should be 

formalized. 

4. What are the roles and responsibilities for each stakeholder in the infrastructure 

architecture design process? 

3.2. Research design 

To research the process in which the Infrastructure Architecture Design (IAD) takes place, a research 

approach has been designed, which is depicted in figure 3.1. First, semi-structured interviews based 

on the research questions have been held with the infrastructure architects at the unit Consulting & 

Architecture where the different phases, deliverables, roles and responsibilities were discussed. The 

findings from the field study were then held against different theoretical frameworks to assess the 

theoretical validation of the work processes, which was summarized in an interview report, from 

which the relevant parts are included in this thesis. Based on the field study results and theoretical 

frameworks a process (phases, deliverables and roles and responsibilities) were defined. These 

findings were fed back to the architects individually and through workshops (presentations with much 

discussion). Based on the discussions with the architects the process definition was elaborated further. 

 

Figure 3.1: Schematic representation of the research process  

The main data sources for this research were: 

Literature 

Research 

proposal 

Interviews 

Interview 

report 

First process 

definition 

Final process 

definition 

Feedback sessions 
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• Data from semi-structured interviews with junior- and senior infrastructure architects at unit 

Consulting & Architecture within Atos Origin, which includes examples of typical 

deliverables that are produced during the design process. 

• Workshops (interactive presentations) with infrastructure architects at the unit Consulting & 

Architecture. 

• Seminars and lectures on infrastructure design. 

Concerning field data, the research relied foremost on the knowledge and experience of the 

infrastructure architects at the unit Consulting & Architecture, since infrastructure architecture is 

already being conducted according to a non-standardized/non-documented process. 

4. Field data and analysis 

During the research done within Atos Origin, field data has been collected of which the main sources 

were the interviews with the architects and documentation that was provided by the architects 

following these interviews. Also two workshops were held with architects to inform them with the 

preliminary results from the research and to ask for feedback from which the notes are included in this 

chapter. Next to this, a seminar was attended that was provided by Sogeti, which discussed DYA in 

general (of which DYA|Infrastructure is a specialization), but this seminar provided no concrete 

additions to this research. Also during the research, discussions on contents (from practice) took place 

with the company supervisor on a regular (at least weekly) basis. There also was plenty of interaction 

with the other architects, since the work places within Atos Origin are not in separate offices, but 

rather in one large room, which facilitated interaction with the architects because everybody was 

directly approachable. This helped in understanding and getting familiar with IAD as it occurs in 

practice. 

4.1. Interviews 

Since very little was known about the actual IAD process, interviews were held to get a global sense 

on how IAD was performed within the unit Consulting & Architecture at Atos Origin through ‘Grand 

Tour’ questions (Wood, 1997). These interviews had the format of the questionnaire in Appendix E. 

With these interviews, the interviewed architects were asked to provide documentation that was made 

during a typical design assignment. This documentation yielded a vast amount of information that was 

of use in this research, directly and indirectly, mainly by allowing for analysis of which elements of 

an infrastructure design are described in what design documents. The questions in the questionnaire in 

appendix E have the characteristics of ‘Grand Tour’ questions, which are open questions about work 

being done or deliverables that are produced. This kind of question is particularly useful in early 

analysis when not much is known about the working domain (Wood, 1997). Therefore this type of 

question is very useful in this research, given the lack of research done on IAD. ‘Case’ questions 

pertain to examples of particular cases. (Wood, 1997) Asking for documentation during the interview 

to be delivered after the interview is a typical form of a case question. Also the frameworks of Sowa 

and Zachman (1992) and the adapted versions of Kruchten (2006) were discussed, but these questions 

were structured in a way that the question was limited to what parts of the framework an architect 

deemed relevant to determine the applicability of these frameworks to infrastructure. The architects 

were also asked if they had ideas for frameworks, concepts or ideas from other fields of expertise 
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(mainly software architecture) that could be applied to IAD in an open ended question to scoop up any 

ideas that might be useful. 

The order of the questions in the questionnaire is different than the order of the research questions, 

since it is conceptually more interesting to first get a definition of infrastructure architecture before 

asking about which phases occur in IAD. In practice however, it is more convenient to first ask an 

architect on how his work is performed and end with the more conceptual questions. 

4.1.1. Definition Infrastructure Architecture 

To determine the scope of IAD, a definition on infrastructure-architecture is needed. It is relevant to 

see what definition is used in practice and how far this deviates from the literature. When asked for a 

definition for infrastructure architecture, the following answers were gathered. 

• Translation of user requirements for network and OS in technical solutions in a logical and 

effective design. 

• Standardized description of IT until OS, middleware and DB which conforms to demands 

specified and design principles. 

• The structure of principles, policies and models, which combined ensure a consistent 

infrastructure 

• The setting of standards for a consistent setup for an IT environment (OS and below). 

• Translation of request from customer into working solution. (infra: OSI until OS) 

Terms that return in several answers are requirements, standardization, principles, models and design 

principles. The main theme of how architecture itself is perceived by the architects seems to be that a 

design should (of course) fulfill the requirements but also in a structured manner, guided by principles 

and guidelines that ensure the integrity of the design for now and in the (near) future. Jumelet (2007) 

gives the following definition on architecture: “Architecture is a consistent whole of principles and 

models, which gives direction to design and realization of processes, organizational arrangement, 

supply of information and technical infrastructure of an organization.” (Jumelet, 2007, p. 12). The 

definition of IT-infrastructure of Jumelet (2007) is as follows: “…the complete set of common used 

IT-utilities, which are being used by an organization.” (Jumelet, 2007, p. 15). Summarizing, The 

definitions of architecture and its principles and models is fairly uniform, the definition of IT-

infrastructure varies in the sense that some architects (including Jumelet (2007)), include common 

used utilities like e-mail and others do not go further than the Operating System (OS) level. 

The relevant element gathered from this question that are relevant to the IAD process description is: 

• The definition of infrastructure architecture as it is understood in practice. 

4.1.2. Useful frameworks, concepts and definitions 

The question about which principles can be taken for the enterprise- and application architecture was 

an open question, therefore general comments about the comparison infrastructure-application-

enterprise are also written down. Also the question about the definition of a building block will be 

discussed, since this is also a possible useful concept. 
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When asked for possible suggestions for principles and guidelines the following answers were given. 

The analyses about the usefulness of the suggestions in IAD are in italic. 

• IEEE 1471 

The IEEE 1471 standard offers definitions and guidelines for various design projects e.g. 

common stakeholders and definitions and thus is used in this research. 

• Metamodel-thinking 

The term “model” is an abstraction of a system and the term “meta” means that something is 

applied twice (Kühne, 2006), so a meta-model would be a model of a model, which is the 

“grammar” of a model. The relation model-metamodel is the same relation programming 

code has to the programming language it is written in. (Kühne, 2006; Bézivin, 2005) The goal 

of this research is to provide a process description on how an IAD is made. Since the way of 

doing business is modeled in the data- and application architecture and infrastructure is a 

means to let these applications function, the modeling is done in the application-architecture 

and IAD is a translation of this architecture. Since there is no significant modeling done in 

IAD this concept is not useful. 

• AVM (Accelerated Value Method, from Lotus Notes), Innovation frame 

Not much information is available in literature on the AVM, but from Butcher (2009) the 

conclusion can be drawn that AVM method from Lotus Notes is about implementing the Lotus 

Notes software system in an organization, focusing on application architecture and the 

modeling of the business in the Lotus Notes-system. In this methodology the business process 

is considered and there is explicit feedback from the application developers to the business, 

so an opportunity for business process optimalization is also considered. The focus on 

application architecture (with functional requirements, which are defined later on) is woven 

throughout the method and therefore is not considered useful for IAD. 

• Principle of reuse, before buy, before make 

In IAD all the equipment has to be bought anyway and making infrastructure equipment 

yourself is not realistic. So only the possibility of reuse is usable in the IAD context. 

• Drawing a parallel between software and infrastructure is difficult: Applications are dynamic, 

infrastructure is more static. The topic about parallels with software development will be 

discussed in the next chapter. 

• When software is seen as a server, conceptual decisions are the same, so a parallel can be 

drawn. The topic about parallels with software development will be discussed in the next 

chapter. 

The answers given are very different from the concepts and frameworks that were found in literature. 

This could also be because the commonly known Zachman-framework was already included in the 

interview or the fact that software was not deemed a relevant field of expertise for IAD by the 

architects, for a reason no more specific than that “it just doesn’t fit”. 

Interesting to note is the contradiction between the last two statements (which were stated by two 

different architects), which essentially comes down to the question, whether abstraction of concepts 

will overcome the fundamental difference in characteristics of software versus infrastructure, which 

will be addressed in the next chapter. 
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The relevant elements gathered from this question that are relevant to the IAD process description are: 

• The disagreement about the applicability of software architecture methods, as this is clearly 

an issue. 

Definition building block 

When asked for a definition of a building block in IAD, the answers were not uniform. The list of 

answers gathered from the interviews is shown below. 

• Functionality or service 

• Servers incl. sizing 

• Running Operating System (OS) + sizing (in case of dedicated physical server) 

• Application, OS and hardware separate (this answer occurred 2 times) 

• Services in service portfolio (in case of outsourcing) 

• Something you can deliver as a whole 

• Running OS 

The varying answers on this question can be explained by the different nature of the kind of work a 

specific architect does. If an architect mainly deals with larger designs, building blocks will tend to 

focus more on the business-level in terms of functionality and use to the business than the technical 

details. When the architect has a more low-level approach or the projects are smaller in size, the focus 

for the building blocks should lie more on the technical details and should be stated in technical 

specifications. This deviates from the explicit, uniform definition of a building block from Jumelet 

(2007), who argues for a uniform definition in all cases. 

The relevant element gathered from this question that are relevant to the IAD process description is: 

• The definition of a building block as it occurs in practice. 

4.1.3. Zachman framework 

In the article of Sowa and Zachman (1992) a framework is proposed to structure the mode of 

documentation of a architectural design, which in the article is applied on software architecture, with a 

modest extension to infrastructure in the “Network” perspective. Interesting to note here is that all of 

the interviewed architects were familiar with the Zachman-framework, indicating that within the 

department Consulting & Architecture there already is involvement in working with frameworks from 

literature for “naming and framing” of the architectural work and products. The interviewed architect 

was asked in question 4 to mark all cells in the Zachman-framework they deemed relevant in IAD. An 

“x” represents every time an architect deemed a perspective/view relevant. 

 Data Function Network People Time Motivation 

Scope x  xxx xxx xxx xx 

Enterprise model   xx xxx  xx 
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System model  xxxxx xxxxxxx xx x x 

Technology 

model 

x xxxxxx xxxxxxx xxx x xx 

Detailed 

representation 

x xxxx xxxxxx xxx  x 

Table 4.1: The framework of Sowa and Zachman (1992), filled in  with an "x" every time an architect 

deemed a view/perspective relevant. 

From table 4.1 can be seen that especially the block of the lower three views of the Function and 

Network perspective are deemed relevant for infrastructure. For the Function perspective these views 

are: 

• Application architecture (System model): This is how applications interact with users and 

each other  

• System design (Technology model): Technical communication; What data is exchanged 

between the computer functions. 

• Program (Detailed representation): Program code, the actual implementation of software 

For the Network perspective the relevant views are: 

• Distributed system architecture (System model): What (server, storage etc.) is located 

where (in the network, geographically etc.) and how is it connected. 

• Technology architecture (Technology model): Hardware and system software present, the 

characteristics of the data lines between the servers etc.   

• Network architecture (Detailed representation): The ‘nodes’ (e.g. servers) and 

communication lines used by the overall system. 

That Network and Function are deemed relevant is not surprising, since the application architecture 

serves as input for the infrastructure architecture process. The network perspective is the extension 

from Sowa and Zachman (1992) to infrastructure, in which all elements from infrastructure (servers, 

networks etc.) are lumped together. 

The perspective People is deemed relevant in the sense that one needs to have an idea of the 

organization structure of the business to let the infrastructure be of optimal use to the business, even if 

it is only for the assessment of the permissions a user should have. Motivation is in some cases 

deemed (very) relevant, but serves more as context information, since it considered very useful by the 

architects to know what motivated the people, departments and organizations, so (architectural-) 

decisions can be made much more easily without having to extract all kinds of detailed information 

from the organization and its stakeholders. The conclusion that can be drawn is that the Network-

perspective is relevant for the content of the design, whereas the other perspectives serve as input. 

(see also table 4.1)  The Function perspective serves as the most direct input, since this view depicts 

the application architecture, which is leading for IAD. Furthermore, the Data perspective is not 

deemed important, since the exact structure of database contents is not relevant for IAD, only the size 

of the whole database. At last the Time perspective describes the schedule of the primary business 
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process and is also not deemed relevant. The relevant elements gathered from this question for the 

IAD process description are: 

• The distinction of the different levels of design, i.e. high and detailed representations of the 

design. 

• The identification of relevant perspectives and views for IAD. 

4.1.4. Framework of Kruchten (1995), adapted version 

To further gain insight in the different dimensions that play a role in infrastructure architecture, the 

adapted framework of Kruchten (1995) is considered. This framework specifies different views that 

one can have on a designed system. The answers to which perspectives are being actively considered 

when designing infrastructure architecture are summarized below. There is an “x” added to the box of 

the perspectives in figure 4.1, whenever an architect marked that perspective as being explicitly 

recognized when conducting IAD. 

 

Logical view 

(software) 

xxxx xxxxx  

Development view 

(dependencies) Scenario’s 

(exceptions) 

xxx 
 

Process view (servers) 

 

Physical view  

(network connections) xxxxxxx xxxxx 

Figure 4.1: Summarized results of application perspectives from the adapted version of Kruchten (1995) by 

infrastructure architects 

From figure 4.1 can be seen that the software systems are the least thought about, this is taken as a 

form of input for the design process. The servers are thought about in all cases, which is logical, since 

this perspective is an integral part of the IAD process.  The opinions for the development view were 

various. One architect said that the development view follows logically from the logical, process and 

physical view and is therefore irrelevant. Another architect said that this view is relevant because of 

the insight in availability and impact of changes and failures. The physical view (network) was only 

deemed relevant when in scope (which thus is not always the case). The scenario’s are often dealt 

with implicitly (based on experience) and are not always explicitly considered. That the application 

architecture is considered is hereby also confirmed in this result, the consideration of the different 

servers in the architecture is one of the core activities in the IAD process and that the network is 

considered only when in scope is also no more than logical. More interesting is that scenario’s are 

considered, although not always explicitly, which indicates that it might be a good idea to include this 

in the process design explicitly, moreover because the concept of considering scenarios is mentioned 

by Bosch and Molin (1999) to assess non-functional requirements. Dependencies between servers are 

deemed relevant, although this doesn’t come forward explicitly in the delivered documentation, so 

this also may be a point of improvement. 

The relevant element gathered from this question that are relevant to the IAD process description is: 

• The concept of scenario’s to assess the impact of certain events. 

• Accounting for dependencies between servers in the documentation. 
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4.1.5. Development process 

Since a process consists of different phases, these phases must be identified. Therefore, the first two 

questions were about the different phases the architect distinguished and what deliverables belong to 

each phase. A number of typical infrastructure concepts were mentioned during the answering of 

these questions, which will be discussed after the gathered answered from these first two questions. 

The interviewed architects each had their own way of working and knew little about the way the other 

architects worked. Therefore, a striking observation was that all architects conformed to three global 

phases in the IAD process, which will be called Information Gathering and Analysis (IGA), High 

Level Design (HLD) and Detailed Design (DD). In general, whenever a phase was completed, the 

deliverable was checked back with the client to assess whether the deliverable conformed to what the 

client had in mind. Some architects provided detailed descriptions of how this process was performed 

with gap analysis and feedback loops explicitly defined, while others stated three steps, with the 

remark that the process was performed iteratively with each deliverable checked back with the 

customer. 

• Information Gathering and Analysis (IGA) 

Information gathering of the Present Mode of Operation (PMO), requirements for the Future 

Mode of Operation (FMO) and a statement of design principles. This is often in the form of a 

Functional Design (FD), which describes the (function of) applications and which 

applications communicate with each other, so no hardware is specified. 

• High Level Design (HLD) 

Depicts the global proposed design with implementation details not yet included. In one 

interview the remark was made that “all design principles must be expressed in the high level 

design”. 

• Detailed Design (DD) 

Which is a detailed specification of the proposed solution with the implementation details 

included. 

Since there are some terms that return in several interviews, occasionally in different form or words, 

these terms can play a major role in the IAD process, because “Analysts should give particular 

attention to all terms and phrases which are frequently mentioned by the user to make certain that 

such assumptions are tested.” (Wood, 1997, p. 52).  These terms are mentioned below. 

Gap Analysis 

Analysis of the gap between two situations. This can be the gap between the PMO and FMO as well 

as the gap between a proposed design and the (revised) wishes of the adopting organization. 

Design Principles 

Implementation guidelines which delimit the freedom an architect has. The precise definition and 

distinction from requirements needed further study after the interviews. 

DTAP 

This stands for Development, Test, Acceptance and Production. These environments are used in 

software development and serve as a concept for requirements for infrastructure. In software 

development a system is developed and tested in the Development and Test environments, which are 

sandbox-like environments with fewer restrictions and are isolated from the Acceptance and 
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Production environments. The Acceptance environment is a front room for the Production 

environment, where the final delivered software packages are first tested by the infrastructure 

management organization. The Production environment is where the software is actually used by the 

client organization. The division of these environments has its impact on IAD in terms of network 

(security) zones and used hardware (Should Acceptance have the same hardware as Production?). 

After the interviews, the respondents were asked to send an example from each deliverable of each 

phase. This documentation is summarized in appendix F, where the development process from the 

first framework (the consultancy cycle in figure 1.1) and the identified process phases (IGA, HLD and 

DD) from the interviews are on the vertical axis. The design elements that occur in a design phase are 

split out per architect (respondent) over the horizontal axis.  

The relevant elements gathered from this question that are relevant to the IAD process description are: 

• The three phases that exist in the processes the individual architects use. 

• The concept of design principles that play a major role in the IAD process. 

• The gap analysis between the PMO and FMO. 

• The documentation gathered from the architects. This documentation allows for detailed 

analysis on what design elements are taken into each design phase. 

• The need for a definition for design principles and the distinction from requirements 

4.1.6. Stakeholders, roles and responsibilities 

In Zachman (1987), Kruchten(1995) and the IEEE1471 standard the issue of stakeholders is raised, 

indicating that this is a significant factor in the design process. Therefore, in the interview 

questionnaire the interviewee is asked in question 3 to indicate the roles and responsibilities for a 

typical IAD project. The results are summarized in table 4.2. 

# Role Responsibility 

4 Business partner / Customer / Client  

(or client-delegate) 

Allocation of resources, getting required 

functionality, acceptation solution by client 

organization, approving functional 

specifications, supplying of correct information 

and requirements. 

4 Architect Design (and feasibility), Quality Assurance 

(QA) and cost analysis (checked by financial 

engineer) 

3 Functional application management Keeping the applications online  

2 Specialists Detailed design(s) 

2 Infrastructure management organization Manageability of proposed design-solution 

1 Business architect Alignment with the business of the client 

organization 

1 Project leader Accountable for project within resource 

constraints, accountable for developing process 

and functional specifications, design, submit 

major changes for review, change summary 

report. 

1 Security board Ensuring security related issues in design 

1 Client executive Manageability solution 
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1 Landscape owner IT-Infrastructure landscape administration, 

functional structure and communication with 

customer 

1 OS-, hardware-, data center (DC)-, and 

network administration 

Application and security demands (OS), 

existing hardware and uptime (hardware), 

placement-administration (DC), network 

environment per project. 

1 Gate keeper Approve phases in project 

1 Design Authority Review proposed design, review major changes 

to design 

Table 4.2: Table of identified roles and responsibilities. The columns represent the number of times 

mentioned in the interviews, the role itself and the responsibility that this role has. 

Regarding the roles and responsibilities the answers were very diverse, although there were 

similarities to be found. Considering the focus of this thesis project, the roles regarding acquisition 

and implementation are not considered. As can be seen from table 4.2, one important role in the 

project is that of the client, customers, delegate or business partner. In essence, this role represents the 

customer, which is logically an important role in the project. The architect also has an obvious role, in 

which the architect carries responsibility for a correct design, going down to the detailed level, 

meaning that the work that the specialists deliver also falls under the responsibility of the (lead-) 

architect. The obvious roles of the architect and customer are only mentioned in 4 out of 7 interviews, 

which could be explained by the fact that project can vary in setting (company-internal or external) 

and nature. This makes it difficult to give a uniform definition of the most important roles in projects, 

but still table 4.2 gives a good indication of the most important roles that occur in IAD projects. 

Interesting to note is that these stakeholders match very well with the stakeholders defined in the 

interviews, as can be seen in table 4.3. 

Role in IEEE 1471-2000 Role from field data 

Customer Customer 

Architect and System Engineer Architect 

User Functional application management 

Developer Specialist 

Maintainer Infrastructure management organization 

Table 4.3: Comparison stakeholders from IEEE 1471-2000 and gathered field data. 

The customer and architect roles speak for themselves. The application management can be 

considered users of the infrastructure, since their applications need to run on it. The specialists can be 

considered as developers, because they make the implementable version of the IAD. The 

infrastructure management organization’s responsibility is to maintain the IT-infrastructure and 

keeping it online, which thus is a maintainer-role. 

The relevant elements gathered from this question that are relevant to the IAD process description are: 

• The different stakeholders and their roles, which can be used as a reference/baseline for a 

particular project. 

4.2. Workshops 

Seven architects attended two workshops organized by the company supervisor and me on the 9
th
 and 

23
rd

 of June 2009, of which the notes are summarized below. During the workshops feedback on the 

design process was given. Because this feedback was based on the IAD design process at that time, 
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the presentation slides that were used during these workshops are included in appendix G to give a 

complete picture of these workshops. Since different phases were discussed in each workshop one 

version of the presentation suffices. 

In the first workshop where the IGA phase was discussed, the following issues were raised: 

Requirements search and check: There is a need to structure/frame the requirements gathering 

process in such a way that the requirements are tailored to the need of the different stakeholders. This 

means that on the basis of a certain frame of mind (e.g. a database-perspective) requirements can be 

elicitated more efficiently (e.g. by anticipating what requirements would be relevant to a database-

application). Also when requirements have been gathered (and inconsistencies and conflicts arise) this 

framing can help in discussing only the relevant requirements with the affected stakeholders. 

Referencing to the initial contract: Because the IAD project is a project often within another (larger) 

project, a reference should be included to the initial assignment to provide traceability to the initial 

assignment. 

Logging of implementation of requirements: Many architects deemed it very relevant to include an 

element in a deliverable in the process that states whether a requirement is implemented or not, 

because not all requirements can always be met. However a difference in opinion exists between 

architects on this issue, because one way to look at this is to reason that a requirement that is not 

implemented is useless, therefore not a requirement and should be deleted from the requirement list. 

Another way to look at is to reason that the non-implemented requirement is still a requirement and if 

the implementation of the requirement becomes feasible (due to technological progress, budget 

increase etc.) this requirement can still be implemented. 

Post-traceability: Since after the interviews a clear requirements-phase was discovered, requirements- 

traceability became an area of interest.  Traceability of requirements to the source was already 

included, but traceability from the requirements to the implementation (post-traceability) was not 

included yet due to high maintenance costs of this type of traceability during IAD design and the little 

added value. However, when working with financial institutions and other organization that have 

compliancy rules imposed upon them, this type of traceability was indeed needed and therefore should 

be included in the IAD process as an option. 

Classification of requirements: There was a clear desire for a classification of requirements in 

categories of importance, so assessment is possible in terms of which requirements have to be 

implemented and which requirements would be nice to have, but are not of vital importance. 

Firesmith (2004) states that in literature a common used prioritization is on the basis of essential 

requirements, useful capabilities and desirable capabilities. 

Splitting of requirements: Since a high level design and a detailed design where discovered as being 

separate design steps with their own design challenges, requirements the process should include the 

separation of these requirements as being relevant for a high or detailed level design to avoid clouding 

in the design process.  

In the second workshop the high and detailed level designs were discussed, in which the following 

issues were raised: 

Detail of specification in the HLD: Architects themselves also had difficulties in practice to 

determine what should be in a HLD, but an architect stated that the criterion should be that it should 
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have a great impact when it has to be changed. When discussing this it was agreed upon that the more 

detailed criterion should be that more than one discipline (e.g. network or storage) should be affected 

by a decision on this design element. This of course allows for variability across IAD assignment, 

since every assignment has a different spectrum of specialists that are involved. Also the notion was 

raised that an implementation specification of a design element (e.g. backup) should be included in 

the HLD, because specifying the requirements for such a solution could cover much text and if there 

are, for instance, two alternatives available (e.g. hard disk drive or tape for backup) this would yield 

unnecessary overhead. 

Purpose of design elements in HLD: Sometimes a certain part of a design can have a special purpose. 

This should be noted in the high level design. For instance, when a database is backed up periodically 

across a great distance (50 km) this can be part of a ‘disaster recovery’ solution, meaning that when a 

physical disaster (e.g. heavy storm or fire) renders a system unusable, a new system (when installed) 

can be brought back up with the data stored 50 km away. 

Interfaces between specialists: An architect wants to spend as little as possible effort during detailed 

design, which is often (partly) conducted by specialists. To make the coordination between the 

specialists as easy as possible, the interfaces between the specialists should be identified on the basis 

of the high level design. This means that it should be clear up front which specialists need to tune 

their solution to the solution of what other specialist (e.g. a database specialist should interact with the 

storage specialist). The architect should however still be involved in this communication to ensure the 

integrity of the total design. These interfaces should be determined in a gathering of all involved 

specialists, which results in a separate deliverable. Over time, common sets of interfaces could be 

drawn up on the basis of ‘best practice’, facilitating a speedy determination of the interface set for a 

particular project. 

Logging of design decisions in DD: Where the rationale for design decisions in the HLD already is 

included, this was also deemed relevant for the DD. 

4.3. Conclusion 

The gathered data from the interviews and workshops was very useful as expected; especially the 

gathered documentation offers great possibilities for further analysis on what is actually done in IAD 

practice. The definition of infrastructure architecture is what one would expect, but also additional 

literature could help herein, where the definition from literature will mainly focus on the definition of 

architecture in general, since not much literature is available on IAD. The question about concepts and 

frameworks from other disciplines was very open and a number of concepts and tips were mentioned, 

of which the contradiction between software architecture being relevant to IAD or not was most 

interesting. The definition of a building block was not entirely consistent, indicating that this concept 

has a high degree of variability among the architects and the nature of the assignments the architect is 

working on. The Zachman-framework was well-known among the architects and it was clear that for 

content, the Network perspective was most relevant, where other perspectives serve as input for the 

IAD process. The adapted framework of Kruchten (1995) confirmed concepts found in other 

literature.  

The most important part of the interview were the phases and accompanying deliverables. Especially 

striking, and also convenient for a uniform process design, was that all architects unconsciously seem 

to adhere to the same three phases in the design process. How these three phases compare to the 

development processes found in literature can be seen in table 4.3. 
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Interviews IGA HLD DD 

Consultancy cycle Diagnosis Solution Design 

TOGAF D1. Create baseline 

D2. Consider views 

D3. Create 

architectural model 

D4. Select services 

D5. Confirm business 

objectives 

D6. Setting criteria for 

specifications 

D7. Define detailed 

architecture 

D8. Gap analysis 

E. Selecting between 

options 

DYA|Infrastructure Organization Context 

Analysis 

Reference-architecture 

Service Catalog 

First future vision and 

planning 

Architecture draft and 

impact analysis  

Project Start Arch. 

Guidance of design  

(with the use of Product Catalog and Building-

block model) 

Table 4.4: Comparison of development process from the interviews, the consultancy cycle, TOGAF and 

DYA|Infrastructure 

Also in the question about the development process itself (process phases) a number of concepts 

repeatedly occurred, indicating that these concepts, if unclear, warrant further research. When asked 

about the stakeholders, the architects gave various answers and hesitated to answer, because the 

stakeholders differ very much across various kinds of projects. The IEEE 1471-2000 standard can 

help here in creating a baseline for which stakeholders need to be identified at least. The relevant 

elements that will be considered during the IAD process redesign are stated with bullets after each 

question, based on the analysis of the answers given on that question.  

During the workshops useful and practical points were raised, which have been analyzed and, when 

appropriate, integrated into the IAD process design. These points were sometimes ideas and tips that 

warranted further research to be able to integrate it into the design, other points offered concrete 

elements that could be put into the process design on the basis of logic or experience (e.g. the post-

traceability in case of compliancy rules). The defining of interfaces between specialists during the 

detailed design phase could offer great savings on overhead effort, but is based purely on a good idea. 

5. Process Design 

The process design is based on the three phases identified in the interviews, which are the columns in 

table 5.1. The rows represent elements (concepts and identified issues), which are treated in the 

discussion of these phases. These elements are grouped by which process phase they pertain to by 

lining them in together in a thicker border. The issues raised in the workshops have the nature of 

requirements and not of concepts, frameworks or definitions that are of use in one or more process 

phases. Therefore the issues raised in the workshops are not included in table 5.1.  

It can be easily seen that relatively many elements from the research in the previous chapters pertain 

to the IGA phase, so this phase will have more possibilities for being formalized than the HLD and 

DD phase. This is because a lot of ‘ground work’ had to be done for this phase like establishing 

definitions for requirements and principles. Also literature was more extensive on requirements than 

the actual design process itself, which offers more input for the description of this phase.  
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IGA HLD DD 

Distinction between design principles  

and requirements 

  

  

Definition (non-)functional 

requirements 

  

NFR categories (sw. arch.)   

Requirement pre-traceability    

Stakeholder identification   

 Definition HLD  

 Design decisions  

 Requirement Post-

traceability 

 

 Communication between 

specialists 

 Design decisions 

Scenarios (Kruchten (1995) (adapted) + software arch.)  

 Iterative nature design process (from software arch.) 

 Requirements backlogging 

 Definition HLD ( Zachman (1987), interviews, workshops 

and documentation) 

TOGAF development process 

Definition IAD (literature and interviews) 

Definition building block (DYA|Infrastructure + interviews) 

Stakeholders and views on the system (from: IEEE 1471 , Sowa and Zachman (1992) + interviews) 

Deliverable-examples from gathered documentation 

Table 5.1: The three identified process phases and the concepts from literature and the interviews that will be 

used in them 

Following the IGA phase the High Level Design (HLD) phase will be discussed. This discussion will 

pertain to the definition of a high level design and the justification of design decisions that are made. 

At last the Detailed Design (DD) phase will be discussed, where the focus will be on the managing of 

and coordination of specialists who will specify the design in detail.  

The next category of identified elements in table 5.1 contains the scenario concept that pertains to the 

IGA and HLD phase and helps in elicitating requirements and making conceptual design decisions 

and are therefore included in the process design. 

The HLD and DD phases are affected by the design process that has an iterative nature in the sense 

that requirements are iteratively taken up into the design and the design is reviewed multiple times for 

correctness. This came forward in the software literature and the interviews and this pertains to the 

actual designing, thus to the HLD and DD phase. Also when the actual designing is taking place, there 

is a form of requirements backlogging (Hofmeister et al., 2006), which will be incorporated into the 

design. The point where the line is drawn between a HLD and DD obviously affects the HLD and DD 

phases also. Furthermore the HLD and DD phases are mainly influenced by the definition that is 

given for a HLD, to which literature, the architects and this research could not give a definitive 

answer. 

As for the elements in figure 5.1 that affect the total design process; TOGAF serves as a reference 

model for the complete process and the definitions of IAD and a building block also affect the whole 

design process, as opposed to the requirement- and design principle definitions (not the actual 

requirements and design principles used a particular design), that affect only the IGA phase. The 
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concept of stakeholders and their views on the system also comes back in all phases, as also indicated 

by literature. Lastly, the examples of the deliverables gathered during the interviews are used in 

various ways to substantiate decisions made for the process design in this chapter. 

The three phases that are being distinguished will be discussed below, were at the end of each 

paragraph the deliverable for that phase will be given. This deliverable needs to be agreed upon with 

the appropriate stakeholders in order to proceed to the next phase, which is the iterative nature of the 

design process (designs will most likely be adapted at least once after comments from stakeholders). 

5.1. Information Gathering and Analysis 

The purpose of this phase is to gather all relevant input for the design process.  

This input for this phase consists of: 

• Background, context, motivation, conditions and expected result of the assignment 

• Present Mode of Operations (PMO) 

• Identification of relevant stakeholders 

• Requirements and design principles 

The definitions of principles and requirements, the Non Functional Requirement (NFR) categories and 

requirement traceability which pertain to this exclusively to this phase (see table 5.1) need further 

refinement, so these will be elaborated in the following paragraphs. The other, more directly 

applicable, IGA-phase elements from table 5.1 will be discussed and included in the description of the 

final deliverable for this phase. 

5.1.1. Distinction between design principles and requirements 

In literature (Jumelet, 2007) and in the interviews came forward that design principles are treated 

differently than requirements because they have different characteristics. Because Jumelet (2007) 

defines design principles rather vague and the concepts of a requirement and a design principle 

overlap it is important to make the distinction between requirements and design principles. In 

literature the definition of a requirement also encompasses design principles, so design principles will 

be discussed first and then requirements, since the definition of a requirement is based on the 

definition of a design principle. 

Design principles 

Design principles are defined by Jumelet (2007) as abstract statements that give direction to the 

architecture- and design process. This definition is not very specific, but Jumelet (2007) gives two 

examples: “When high availability is required, it is realized in the infrastructure by implementing 

utilities completely redundant” and “Scalability will be accomplished by connecting systems in 

parallel and divide the total load over these systems.” (Jumelet, 2007, p. 80)  

In TOGAF 9 architecture principles are defined as “A qualitative statement of intent that should be 

met by the architecture. Has at least a supporting rationale and a measure of importance.“ (The Open 

Group, 2009, p.26) The notion of a qualitative statement does exclude specifications like line speeds 

to be stated as design principles, which imposes a restriction on the formulation of design principles. 

Also, the notion of “intent” implies that it is not mandatory to adhere to these principles. The 
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supporting by rationale and measure of importance can be considered logical for design restrictions 

that are imposed. Concluding, to use this definition in IAD would not be very practical. 

The examples from Jumelet (2007), combined with the design principles gathered in this research 

(Appendix H), give more insight in what is meant by principles, namely that they specify 

implementation specific rules that state nothing about the desired capabilities of an information 

system (the “what”), they rather state how parts of the design need to be implemented (the “how”), 

e.g. “High availability must be in the form of full redundancy.” or they place explicit constraints on 

the actual design, e.g. that equipment needs to be from a particular supplier. Because of the fact that 

design principles state how requirements are implemented and the overall architecture needs to adhere 

to design principles, design principles go beyond the scope of one project. Principles always have an 

impact on how one or more requirements are implemented, but don’t necessarily have to state how the 

complete requirement is implemented. Also, a design principle in general has to have at least one 

requirement that it has influence on to have the right to exist. Therefore, the definition of a design 

principle used in this thesis is: 

“A design principle specifies how one or more requirements (or parts thereof) are implemented 

and is valid for more than one project.” 

Requirements 

The definition of a requirement is more elaborated on in literature than the definition of a design 

principle. From this literature, three definitions of a requirement are given below. 

“We define a requirement as a condition or capability to which a system must conform.” (Kruchten, 

2004, p. 158) 

“As the name implies, system requirements define what the system is required to do and the 

circumstances under which it is required to operate.” (Kotonya and Sommerville, 1998, p. 3)  

 “(1) A  condition  or  capability needed  by  a  user  to  solve  a  problem  or achieve  an objective.  

(2) A condition or capability that must be met or possessed  by  a system  or  system  component  to 

satisfy a  contract,  standard, specification,  or  other  formally  imposed  documents.  

(3) A documented representation of a condition or capability as in (1) or (2).” (IEEE 610.12-1990, p. 

62) 

The definition of design principles falls in the above definitions of a requirement, since a prescription 

of a form of implementation or preferred supplier falls under the definition “circumstances under 

which a system is required to operate” or part (2) of the requirement definition from the IEEE 610.12-

1990 standard, which together with Kruchten (2004a) speaks of a “condition”. However, the term 

“capability” is more useful, because it implies a measure of ability or a minimal performance a client 

wants, which also is a factor that separates principles from requirements. To not confuse a 

requirement with a design principle, a definition of a requirement must be narrower than the 

definitions stated above. Since a good requirement specifies one or more capabilities a system must 

comply to, the following definition is used in this thesis: 

“A requirement is a capability that a system must possess.” 
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5.1.2. Definition (non-)functional requirements 

As implied by Jumelet (2007) and based on the requirements gathered during this research (see 

appendix I), the requirements that are drawn up for IAD practically always fall in the category of non-

functional requirements. To support this argument, first a definition will be given for functional- and 

non-functional requirements. 

Functional requirements (FRs) 

Thayer and Dorfman (1990) and Kotonya and Sommerville (1998) define FRs in software as the 

functionalities that the system must be capable of performing, where functionality is defined as the 

transformation on inputs to generate outputs. Also Kruchten (2004a) defines FRs as actions the 

system must be able to perform and these functional requirements are specified by the input and the 

output conditions that are expected to result. Based on these definitions the definition that will be used 

in this thesis is:   

“A functional requirement is a requirement that states functionality of a system as specific 

output that is expected to result from specific input.” 

Non-Functional Requirements (NFRs) 

Thayer and Dorfman (1990) define NFRs as how the system will perform its functionality, opposed to 

what functionality is required from the system. Kruchten (2004a) states that NFRs are requirements 

that describe “… a wide variety of attributes that are not described specifically by the system’s 

functional requirements.” (Kruchten, 2004a, p. 159), so again the NFRs are specified as everything 

not being FRs. Kotonya and Sommerville (1998) state that “Non-functional requirements are 

requirements which are not specifically concerned with the functionality of a system. They place 

restrictions on the product being developed and the development process and they specify external 

constraints that the product must meet.” (Kotonya and Sommerville, 1998, p.187). Albeit Kotonya 

and Sommerville (1998) elaborate on the consequences of NFRs, namely that they constrain other 

aspects of software development, the core statement of NFRs not being FRs is the same as that of 

Kruchten (2004a) and Thayer and Dorfman (1990). Therefore the following definition will be used in 

this thesis: 

“A non-functional requirement is a requirement that is not a functional requirement.” 

The requirements in appendix I can be categorized as the quality attributes as mentioned by Jumelet 

(2007), indicating that these requirements are representative for the requirements that are encountered 

when developing IAD. When combining the requirements in appendix I with the above definition of 

NFRs it can be concluded that these requirements belong to the NFRs. The notion that the 

requirements in appendix I belong to the NFRs enables a more detailed and focused research on how 

to deal with these requirements. 

5.1.3. Non-functional requirement categories 

Non-functional requirements pertain to different perspectives that need to be considered (Kruchten, 

2004a). “Even though there is no formal definition, there has been considerable work on 

characterizing and classifying non-functional requirements.” (Chung et al., 2000) However many 

different subdivisions exist (Chung et al., 2000), the IEEE 830-1998 guideline for software 

requirements specifications provides a comprehensive list of NFRs. The IEEE 830-1998 standard 

defines the following NFRs for an information system: 



40 

Performance requirements: Specify the quantifiable requirements placed on the system, like the 

number of transactions per second that should be possible and the capacity of storage the system has. 

Interface requirements: Specify in which ways a user or external system interacts with the to-be-

designed system. These requirements can be further subdivided into user, hardware, software and 

communication interfaces, where communication interfaces specifies network interfaces. 

Site adaptation requirements: Specify requirements for the system to let it fit in its intended 

environment. 

Security requirements: Specify requirements for unauthorized access(-rights) to the system. 

Maintainability requirements: These requirements pertain to the ease of maintenance for the system, 

e.g. manageability and scalability. 

Portability requirements: Specify requirements for the ease of moving the system to another 

environment. 

Reliability requirements: Specify the required reliability for the system. 

Availability requirements: Specify the percentage of time the system or parts of the system should be 

available. 

It is not important to divide requirements into categories or debate it. The value in categorizing NFRs 

lies in completeness and understanding when elicitating requirements. (Kruchten, 2004a) 

5.1.4. Requirement pre-traceability 

Requirement traceability (RT) is useful in requirements management since it allows tracing 

requirements to their source, which is called ‘pre-traceability’, and to artifacts in the system where the 

requirements are implemented, which is called ‘post-traceability’. (Ahmad and Ghazali, 2007) 

In research done by Ahmad and Ghazali (2007) came forward that pre-traceability requirements are 

deemed more important to project stakeholders than post-traceability. Also, post-traceability requires 

a lot of effort, since a change in a design means that the relationship between the design and the 

requirements needs to be updated. However, during the workshops discussed in paragraph 3.2, post-

traceability is considered useful when dealing with compliancy rules and thus will be included in the 

process design. Also a slimmed down version of post-traceability was proposed in the form of a list of 

not (completely) implemented requirements. First, pre-traceability will be discussed here and post-

traceability will be discussed in the HLD phase. 

Ahmad and Ghazali (2007) indicated two kinds of requirement pre-traceability as most important: 

Requirements to source: Requirement-source traceability relates the requirements to their source, 

which can be a stakeholder, standard or some document. This traceability is of use for validation of 

requirements and indicates who must be contacted when a requirement needs to change. (Ahmad and 

Ghazali, 2007) 

Requirements to rationale: Requirement-rationale traceability pertains to why a requirement is stated. 

This type of traceability allows for checking if the requirement is valid and helps in prioritizing 

requirements when requirements need to be weighed against each other. (Ahmad and Ghazali, 2007) 
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Traceability to stakeholders for design principles is not feasible, because these principles are often 

extracted from the Present Mode of Operations and even if they are documented, the rationale and 

especially their source are difficult to trace. Also the goal of design principles is uniformity in the 

design and therefore these principles are often accepted as a given (Jumelet, 2007). However 

traceability of design principles to their source (PMO or explicit principle-documentation) could be 

incorporated into the design. 

5.1.5. Stakeholder identification 

Gacek et al. (1995) define the roles in software architecture projects as in table 5.2, which were 

confirmed in the interview results. These roles (not the concerns) are also defined in the IEEE 1471-

2000 standard and provide a good insight in what roles can be distinguished in system development, 

although the notion of “usage scenarios” as concern for the user in table 5.2 is not valid for IAD, since 

usage scenario’s or use cases are not valid for non-functional requirements (Kruchten, 2004a).  

Stakeholder Concern 

Customer • Schedule and budget estimation 

• Feasibility and risk assessment 

• Requirements traceability 

• Progress tracking 

User • Consistency with requirements and usage scenarios 

• Future requirement growth accommodation 

• Performance, reliability, interoperability, etc. 

Architect and 

System Engineer 

• Requirements traceability 

• Support of tradeoff analyses 

• Completeness, consistency of architecture 

Developer • Sufficient detail for design 

• Reference for selecting / assembling components 

• Maintain interoperability with existing systems 

Maintainer • Guidance on software modification 

• Guidance on architecture evolution 

• Maintain interoperability with existing systems 
Table 5.2: Roles and concerns from different stakeholders (from: Gacek et al. (1995)) 

The IEEE 1471-2000 standard specifies that at least the following concerns should be addressed:  

• The purpose or missions of the system 

• The appropriateness of the system for use in fulfilling its missions 

• The feasibility of constructing the system 

• The risks of system development and operation to users, acquirers, and developers of the 

system 

• Maintainability, deployability, and evolvability of the system 

5.1.6. Deliverable 

The deliverable for the phase that ends just before the actual design process starts has different forms 

and names in literature. Also the focus of the IGA deliverable has a technical focus, so project-

management information (e.g. planning and overall cost estimation) is knowingly left out. Foorthuis 

and Brinkkemper (2007) define the end product before the actual designing takes place as the Project 
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Start Architecture (PSA). This is a set of relevant prescriptions, based on the Enterprise Architecture 

and Domain Architecture, where Domain Architectures are defined as “…architectures defined on the 

basis of one specific group of products, services, processes or functions.” (Foorthuis and 

Brinkkemper, 2007, p.53). Also additional prescriptions can be added, which are specific for the 

project at hand. Jumelet (2007) defines a PSA as a set of prescriptions that are taken from a Reference 

Architecture of the organization. A Reference Architecture is defined by Jumelet (2007) as a set of 

generic infrastructure design principles that exist within the client organization. The PSA in the vision 

of Jumelet (2007) is based on the product catalogue of infrastructure products like servers or storage, 

an architecture draft of the solution to-be and an accompanying impact analysis. The PSA then mainly 

contains references to the Product Catalogue and Reference Architecture. If costs for particular 

products and standards are known, they are included in the PSA. 

The definition of a PSA as mentioned by Foorthuis and Brinkkemper (2007) depends on the existence 

of an Enterprise Architecture, which often is not present or given to infrastructure architects when 

conducting IAD. The definition of Jumelet (2007) is more applicable, but is missing elements that are 

necessary in this phase, like requirements and information about the context of the assignment. 

Jumelet (2007) bases DYA|Infrastructure on the assumption that IAD is an ongoing process that has a 

coherent long-term vision and the actual development of an architecture, which is the focus of this 

thesis, has a minor role. The notion all methods seem to agree on is that every architecture project has 

to adhere to principles that guide and constrain the architecture development process. From the 

interviews that have been held, it became clear that IGA is a phase where the Present Mode of 

Operations (PMO) and design principles are elicited from the client organization. Also detailed 

requirements are established in this phase. Since the focus of this research is on a stand-alone project, 

a project-oriented methodology can provide valuable input. The project methodology employed at 

Atos Origin is PRINCE2 as described in Hedeman et al. (2005). The IAD process is started as a 

project and projects in PRINCE2 are started on the basis of a Project Initiation Document (PID). A 

PID is a starting point for a project (which is in this case the start of the IGA phase) and the IGA 

phase updates the project details, since more information about the actual assignment is known. 

Therefore an abbreviated version of a PID can serve as a basis for the deliverable of the IGA phase. 

Also once the IGA phase is completed there is more information available on motives, intentions and 

the targeted environment than at the start of the project, making an abbreviated version of the PID 

useful. Based on the literature and considerations stated above, the elements that need to exist in the 

deliverable for the IGA phase are given below. 

Legend of sources in the description: 

1) PRINCE2 (Hedeman et al., 2005) 

2) Field data
 

3) Analysis of literature in previous paragraphs
 

4) Workshops
 

Description of elements in deliverable IGA phase: 

• Background 
1) 

 

o Reference to the project document
4)

: Since this IGA document pertains to the design 

project only, there must be a (PRINCE2 or non-standard) project definition in which 
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this IAD effort is specified. This can be a larger project of which IAD is a part of or 

IAD can be a project on itself. This paragraph will reference to the project definition 

document(s) of the (parent) project. 

o Context in which the project is initiated 
1)

: In what business/organizational context the 

project is initiated. This provides more background about the motives for the project 

and allows for better understanding of the project. E.g. rapid recent expansion of the 

client organization or the integration of two merging organizations.  

o Motivation for the project 
1) + 2) + 3)

: States why this project is undertaken in light of the 

context of the project. Next to the fact that the project motivation is part of the PID in 

PRINCE2, the perspective of Motivation in the framework of Sowa and Zachman 

(1992) was indicated as important input for IAD in the interviews. Together with the 

context, awareness of the motivation helps in making a better, future-proof IAD. 

• Project definition 
1)

 

o Important project results 
1)

: What Key Performance Indicators are used to assess if the 

project goals have been met. 

o Border conditions on the project level 
1)

: Any conditions outside the requirements and 

principles that have to be met in the project. 

o Relations to other projects 
1)

: Any dependencies between this project and other 

(related) projects. 

• Present Mode of Operations (PMO) 
2)

: The IT-infrastructure (within scope) as it now exists. 

This can be in the form of diagrams or documents, depending on the project. When possible 

and useful, a gap analysis can be added between the PMO and the desired end situation, the 

Future Mode of Operations (FMO). The PMO is used as a starting point for the IAD process 

and a source for the derivation of design principles, since these are often not documented. 

Also, when possible and useful, standard building blocks that can be identified from, for 

instance, the PMO or stakeholders can be defined at this stage, to facilitate the reuse and 

standardization of design elements in the FMO. 

• Stakeholders 
2) + 3)

: A list of stakeholder’s roles and their responsibilities. Paragraph 5.1.5 

discusses the most common stakeholders and concerns that have to be addressed. 

• Conditions for design 
2) + 3)

 

Contains the requirements and design principles relevant for the design. When possible 

and useful, the requirements and principles can be split out in being relevant for HLD, 

DD or both, this to avoid unnecessary noise in designing of the HLD and DD.  

o Design requirements: The list of requirements (as defined in paragraph 5.1.1, see 

6.1.3. for a checklist of categories) relevant for the IAD project. The requirements for 

IAD are practically always non-functional requirements as described in paragraph 

5.1.2. 

� Stakeholders 
2) + 3) + 4)

: To adequately communicate requirements from and to 

the appropriate stakeholders, a requirements needs to be tagged to which 
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stakeholders have concerns that are affected by this requirement. The 

stakeholders and concerns in paragraph 5.1.5 can serve as a baseline. 

� Prioritization 
2) + 3) + 4)

: Since not always all requirements can be implemented, 

requirements can be prioritized. According to Firesmith (2004) the most 

common categories are: 

• Essential requirements that must be included in the system (i.e. the 

actual requirements) 

• Useful capabilities that would reduce system effectiveness if left out 

• Desirable capabilities that make the system more desirable to certain 

stakeholders 

� Specification 
2) + 3)

: Each requirement needs to include the requirement itself, 

the rationale and the source of the requirement, as described in paragraph 

5.1.4. 

� Elecitation 
2) + 3)

: Next to elicitation of requirements from stakeholders, 

requirements can be deduced by logic reasoning from the motivation for the 

project and through scenario-based evaluation (as discussed in paragraph 

2.2.3). 

o Design principles 
2) + 3)

: The list of design principles (as defined in paragraph 5.1.1) 

that are relevant for the IAD project. 

The IGA deliverable should be approved by the appropriate stakeholders, who are also identified in 

this phase. 

5.2. High level Design 

A High Level Design (HLD) should depict the conceptual outline of the design that is made and 

shouldn’t be clouded by unnecessary details. This makes that a High Level Design (HLD) should be 

resistant to minor changes in the implementation and remain valid over a longer period of time, which 

in infrastructure comes down to one or two hardware renewal cycles (6 to 10 years, depending on the 

economical lifetime of a particular type of equipment). ‘ 

The deliverable from the IGA phase contains all relevant input for the HLD, so the input for this 

phase consists of: 

• The deliverable from the IGA phase, with only the requirements and design principles 

relevant for the HLD. 

First the definition of a HLD in infrastructure will be discussed, followed by documenting design 

decisions, post-traceability and at last the deliverable that is expected to result from the HLD phase. 

5.2.1. Definition High Level Design 

To give a comprehensive definition of a HLD is very difficult, because statements like “conceptual” 

and “high level” are dependent on many factors (e.g. scope and area) and will always be a point of 

discussion. On the other hand it is necessary for the process definition to make the distinction between 
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a HLD and a Detailed Design (DD) since these are separate steps and are relevant for future reference 

to an IAD project (the DD will be mostly outdated after a short time due to day-to-day minor 

changes). Zachman (1987) defines six levels of architecture, where the HLD is on the logical level in 

the network perspective which is the System Model in figure 2.1. In this model a node should 

represent a function in the information system, like a server or storage, and should be independent of 

specific technology. A link between these nodes should (according to Zachman (1987)) be defined as 

a link type, like a network line or a dial-up service. This last definition is a matter of interpretation, 

since conceptual can have different meanings. If the line type is specified the link is protocol-

independent, but conceptual could also mean that one specifies the communications protocol, since 

this is more relevant to the applications, and considers the actual line type an implementation issue. 

Also at this point a difference in focus arises between infrastructure and Zachman (1987). Zachman 

(1987) considers a postal service a link type, which indicates a more business/process oriented 

system-approach, since on the business level a postal service is also a means of transferring 

information. In infrastructure the conceptual-to-detailed levels should run from software (logical) to 

hardware (implementation) and therefore a communications protocol is a better candidate to be 

specified in a HLD. 

For a software system, Briand et al (1994) state that “The high-level design of a software system is a 

collection of module and subroutine interfaces related to each other by means of USES and 

IS_COMPONENT_OF relationships.” (Briand et al., 1994, p.5; Briand et al., 1999, p.725). Other than 

that a HLD should include dependency relationships, this definition does not tell much about the 

depth a HLD should have. This indicates that the definition of a high level design in software 

architecture is also unclear in the scarce literature that was to be found about high level design. 

The input from the workshops will not be taken into account in this description, because: 

• The criterion that multiple specialists should be involved in a decision doesn’t add anything to 

the existing criteria. Also, this definition encompasses design elements that pertain to the 

detailed design, like IP addresses, that affects multiple disciplines (the server specialist and 

the network specialist) and leaves out elements that belong to the HLD, like operating 

systems, which only affects one discipline. 

• The option to choose between implementations for certain elements in a design (e.g. hard disk 

or tape backup) is already a conceptual decision that has to be made, since a backup on disk is 

fundamentally different from a backup on tape. For instance, tape backup is cheaper, but has 

fewer possibilities, because reading from tape can only be in a sequential manner, making it 

very difficult to restore only part of the backup. This decision implies more than choosing 

between two different varieties that practically have the same functions. 

Often the HLDs gathered from the interviews consisted of PowerPoint presentations and Visio-

diagrams architects could find on their PCs. The different design elements in these HLDs are 

summarized in appendix F and give a good estimation of what should be in a HLD for infrastructure. 

In conclusion, a complete definition can’t be given for a HLD. Based on the sheets presented to the 

architects in appendix G to which no real objection was raised in the workshops, a set of guidelines 

can be given to set the boundaries for what should definitely be in a HLD and what not: 

A HLD should: 
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• Be on a conceptual level; If an element does not contribute to or constrain the conceptual 

structure of the design, it should not be included. 

• Survive a hardware renewal cycle without a change in the application structure. 

• Provide enough detail to provide input to the specialists in making the detailed design, with 

exception for absolute numbers (e.g. IP numbers and sizing). 

• Basic enough that when communicating with stakeholders, the same HLD can be taken as a 

baseline for constructing the appropriate views on the system for the different stakeholders. 

Appendix J contains an example of a HLD examined during this research with certain details left out 

due to customer confidentiality. Analyzing the different elements that the respondents put in their 

HLD (see appendix F), together with logical reasoning about which elements are likely to change an 

estimation can be made about which elements need to be present in the HLD and which elements do 

specifically not belong in the HLD. 

Including an element in a design can also be by means of using this element to make different 

versions of the design, e.g. one diagram for each kind of OS, which was also encountered in the 

documentation in appendix F. 

Elements that belong in the HLD: 

• Application names (if not available, application function) 

• Operating System types of servers 

• Server platforms (e.g. Intel) 

• Datacenter Locations 

• Network communication protocols 

• DTAP zones 

• Security zones 

• (V)LAN names or (non-IP)numbers 

• Firewalls 

• Clustering 

Elements that do not belong in the HLD: 

• Sizing (hard disk and memory size, processor speeds etc.) 

• Hardware brands and models 

• IP addresses 
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This definition of a HLD is absolute in the sense that when the scope of a design effort increases, 

there may be multiple levels of HLD, spread out over multiple documents. The definition of what can 

be considered a HLD doesn’t change. 

5.2.2. Design decisions 

When making design decisions there is always a kind of backlogging involved, meaning that 

requirements are backlogged and are iteratively incorporated into the design. The order in which the 

requirements are incorporated into the design isn’t on a rational basis, but rather through all kinds of 

external influences, like politics (Hofmeister, 2006). However, priority should be given to those 

requirements that are labeled “essential requirements” in the IGA document, followed by the useful 

capabilities and the desirable capabilities (Firesmith, 2004). For each major or seemingly illogical 

design decision the following should be recorded (Kruchten, 2004b): 

• Epitome: The decision itself. 

• Rationale: Textual explanation on the “why” of the decision, could also include a reference to 

an external document containing, for instance, a tradeoff-analysis. 

• Scope: By default the decision is universal, but could also be limited in scope, e.g. only for 

the Test-environment from the DTAP zones. 

• State: The current state of the decision. Valid states include: 

o Idea: Just an idea when doing brainstorming 

o Tentative: Not final yet, allows for running “what if” scenarios. This can be combined 

with the scenarios from Kruchten (1995) and Bosh and Molin (1999), marking the 

design decisions as ‘Tentative’ as long as the scenario-based evaluation is conducted. 

o Decided: Final for the architect (-team), consistent with all other decisions 

o Approved: Approved by review board. In case of no approval board, the same as 

“Decided” 

o Challenged: Previously approved, but objections have been raised and the Approved-

state is in jeopardy. 

o Rejected: Decision does not hold in the current system, but can be used for later 

reference when reviewing design process. 

o Obsolesced: Same level as rejected, but decision became obsolete as a consequence 

of a higher level restructuring (e.g. design change). 

• Author, timestamp and history: Who made the decision and when it was made. Preferably 

with a history log to keep track of changes on the decision, especially the state. Example 

(from Kruchten, 2004b, p.3): “ ‘Use the UNAS Middleware’—tentative (Ph. Kruchten, 1993-

06-04); decided (Ph. Kruchten, 1993-08-05); approved, (CCB, 1994-01-16); Scope: not for 

test harnesses; (Jack Bell, 1994-02-01); approved (CCB, 1994-02-27) ” 

• Category: An open-ended list of categories (keywords) a requirement can belong to. 
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• Risk: The risk associated with a design decision. The IEEE 1540 standard gives a detailed 

specification on how a risk should be specified, but to not over-specify the IAD process 

description the risk shall initially be stated as a textual statement. 

• Cost: Some design decisions have cost(-savings) associated with them, so they can be 

specified here. 

When making a design decision to implement a particular construction (e.g. clustering), this should be 

named in the documentation as well, to provide meta-information about the group of design elements 

that are involved in this solution. 

The design decisions can also be recorded in a spreadsheet or database, allowing for filtering on 

particular properties, which allows for e.g. a quick overview of a list of all tentative requirements. 

5.2.3. Requirement post-traceability 

In the workshops in paragraph 4.2 the need for post-traceability was expressed. The post-traceability 

in case of compliancy rules can take the form as described by Ahmad and Ghazali (2007) who 

indicated two kinds as most important: 

Requirements to component: This kind of traceability describes the relation between the requirement 

and the component of the system that implements it. 

Requirements to verification: This kind of traceability documents the relationship between the 

requirement and the artifacts that verify that this requirement is implemented, e.g. test cases that prove 

a system can handle 5000 users. 

Also since not all requirements can always be implemented, the need exists for documenting 

requirements that are not (fully) implemented. 

5.2.4. Deliverable 

In conclusion, the deliverable for the HLD phase should contain the following: 

• The HLD itself in the form of a diagrams and/or documents, where the level of detail should 

not be greater than outlined in paragraph 5.2.1. 

• Specification of building blocks used, where the focus and level of detail can vary depending 

on the design being made. 

• Documentation of the major design decisions as outlined in paragraph 5.2.2. 

• A list of requirements that are not (fully) implemented with reason specified. 

• Optional, the list of requirements with per requirement included: 

o The component in which the requirement is fulfilled 

o Proof that the requirement has been fulfilled, e.g. reference to test-case. 

The HLD deliverable should be approved by the appropriate stakeholders, identified in the IGA 

phase. 
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5.3. Detailed Design 

The Detailed Design (DD) phase concerns the translation of the HLD, where all the major design 

decisions are made, to a uniquely implementable solution, which corresponds to the Detailed 

Representation of Zachman (1987). Nothing of use in IAD is known about this phase in literature and 

also in practice the deliverable of this phase has many different forms, which are often spreadsheets 

and/or diagrams with detailed information. Decisions are made on a much smaller scale, since the 

architect does most of the work in the HLD phase and delegates the implementation details to the 

specialists (which is also stated by Jumelet (2007)), much less decisions are made that are of 

conceptual importance. The DD is an elaboration on the HLD so the HLD serves as input. 

Furthermore, in the HLD, requirements and design principles that were not relevant to the HLD were 

filtered out for the design of the HLD. Since they must be relevant to the DD, they are input for the 

DD phase, assuming all gathered requirements and design principles are relevant for the overall 

design effort. Also numbers and quantities are relevant in the DD and if they are known (like 

approved network address ranges) they must be incorporated into the design. Therefore, the input for 

the DD phase consists of: 

• The High Level Design 

• Additional requirements and design principles from the deliverable from the IGA phase that 

were filtered out when designing the HLD. 

• Information that is useful for the DD and does not belong in the HLD, e.g. IP address 

numbers or sizing of servers (see also paragraph 5.2.1). 

First the communication between specialists will be discussed, followed by documenting of design 

decisions and the deliverable that is expected to result from this phase. 

5.3.1. Communication between specialists 

In the workshops from paragraph 4.2 the need was expressed for a communication plan when the 

detailed designs are being made by the specialists. The interfaces between the specialists should be 

clear before the detailed design is being constructed. Important here is that this specification should 

provide a means of monitoring the overall design process, therefore the following elements are 

proposed to be included for each line of communication: 

• The specialists involved 

• The technical area (e.g. the network connection for a storage solution) 

5.3.2. Design decisions 

In the workshops the need was expressed to document decisions made in this phase. Since a decision 

by a specialist does not affect many stakeholders anymore, documenting the decision scope, state, 

author and category is not beneficial anymore. Therefore a slimmed down version of the decision 

documentation (Kruchten, 2004b) is proposed which only includes the following elements: 

• Epitome: The decision itself 

• Rationale: Textual explanation on the “why” of the decision, could also include a reference to 

an external document containing, for instance, a tradeoff-analysis. 
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5.3.3. Deliverables 

Just after the start of the DD phase a gathering of the involved architects and specialists should take 

place, from which a communication plan results, described in the paragraph 5.3.1. Therefore, during 

the DD phase a deliverable is: 

• Communication plan for specialists 

At the end of the DD phase a DD is delivered. The necessary detail for this deliverable is not relevant, 

since an uniquely implementable solution needs no further definition. Because in the detailed design 

phase design decisions are made that may need further explanation, design rationale can be of use. 

However, the full decision specification of Kruchten (2004b) would be too extensive, since a decision 

is often made by one person (the specialist) and the border conditions for the partial detailed design 

are set in the HLD by the architect.  

• The DD itself in the form of a diagrams and/or documents, where the level of detail is enough 

to do one unique implementation. 

• Documentation of important design decisions 

The DD should be approved by the appropriate stakeholders, who are identified in the IGA phase. 

6. Validation 

Due to the relative short time for this research, validation on the basis of an actual case could not be 

done. The company supervisor has been asked to give feedback on the designed process as means of 

validation of the designed process on July 22, 2009. The elements, wherein this research contributes 

to the quality improvement of IAD will be discussed bullet-wise: 

• The recognition of the three distinct phases helps to focus on the phase at hand. For example, 

in a recent very large design effort a “solution outline” was worked on, where the first design 

efforts were undertaken while the requirements and design principles were being gathered. 

The client organization said that they were designing, but in fact information for the IGA-

phase was not completed and there was no solid basis for the design. Being able to position 

the activities that are undertaken places them in the correct perspective so they can be dealt 

with accordingly. In this case, placing the activities correctly was useful to be able to create 

clarity and concentrate on requirements engineering instead of concentrating on solutions and 

implementations. 

• Although the definition of a HLD needs further refinement, there is more insight in what a 

HLD should be and it is clear that also in literature this is an underexposed subject.  

• A HLD is expected to help significantly in change management. Now changes have to be 

assessed on the basis of a detailed design, making it very complicated, because of the 

clouding by unnecessary details for conceptual thinking. A HLD is expected to make it 

possible to let less experienced architects assess the impact of changes, freeing up time of 

experienced architects for more challenging assignments. A HLD also facilitates the task of a 

landscape owner (a stakeholder mentioned in table 4.2), because the risk and impact of 

changes are assessed more easily from a HLD then from a DD. 
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• The HLD will be especially be of added value for a landscape owner (that was also mentioned 

in the interviews in paragraph 4.1.6). A landscape owner has the responsibility to assess the 

impact and risks involved of a proposed change. 

• The distinction between requirements and principles is very useful, because these two forms 

of design conditions have to be dealt with in a different manner. The clear distinction will 

facilitate the appropriate treatment of a requirement or design principle. 

• First the HLD was thought to be of most importance, but later it became clear that the most 

work had to be done on the IGA phase, where structuring of this phase is expected to help 

make better designs. 

That the process description is useful in a number of ways does not mean that the process description 

is written in stone and can be implemented immediately. Therefore the following actions are planned 

to be undertaken after this research project: 

• The masterclass in IAD design (see also appendix B for part of the presentation from this 

masterclass) will be expanded with the IAD process design developed in this research. 

• It will be investigated how the process description can be used for engineering 

activities/projects. 

• A showcase is planned to be made, meaning that one or two IAD efforts, which are done by 

this IAD process description, will serve as an example on how the IAD process design will 

work in practice. These cases can also be used as practice cases in the masterclass and/or 

other workshops and will serve as a baseline for templates, which are pre-formatted 

documents and diagrams. 

• Although the IAD process description is expected to be understood by the senior architects, 

the process description will need to be elaborated on for junior architects, mainly by much 

input from experience. 

• Since the IGA phase has appeared to be of crucial importance, the idea exists to let junior 

architects follow courses on requirements engineering. 

7. Conclusion 

From the beginning of this research it was clear that there was a lot of research to be done in the field 

of Infrastructure Architecture Design (IAD). This study contributes herein by defining a baseline 

development process in which IAD can be performed and offers assistance in the process phases by 

defining key deliverables for each process phase. Also used concepts are defined and related to 

literature, providing means to assess (future) frameworks from literature on applicability in IAD. 

7.1. Research questions 

The research questions stated in chapter 3 will be answered here. First the sub-questions will be 

answered before answering the main research question. 

1. How can infrastructure architecture be defined? 
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Kruchten (2004a) defines architecture as significant decisions about “The organization of a software 

system” and “The selection of structural elements and their interfaces by which the system is 

composed, together with their behavior as specified in the collaboration among those elements” 

(Kruchten, 2004a, p. 84). Furthermore significant decisions are made on “The composition of these 

elements into progressively larger subsystems” and “The architectural style that guides this 

organization, these elements and their interfaces, their collaborations, and their composition” 

(Kruchten, 2004a, p. 84). 

The IEEE 1471-2000 standard defines architecture as: “The fundamental organization of a system 

embodied in its components, their relationships to each other, and to the environment, and the 

principles guiding its design and evolution.” (IEEE 1471-2000, p.3) 

Together with the definitions the architects have given in the interviews (paragraph 4.1.1) it becomes 

clear that the core definition of architecture lies in the coherent composition of different elements a 

system is comprised of. Architecture deals with the design of a system in such a way, that logical 

patterns can be recognized, which facilitates the understanding of the workings of the system. 

Together with the definition of infrastructure by Jumelet (2007) in paragraph 1.2, the following 

definition on infrastructure architecture can be given:  

“Infrastructure architecture is the fundamental organization of generic IT-facilities in an 

organization embodied in its components, their relationships to each other, and to the 

environment, and the principles guiding its design and evolution.” 

2. Which frameworks, concepts and definitions (e.g. from application architecture) are useful 

in the infrastructure architecture design process? 

In this research the following frameworks, concepts and definitions were useful for application in 

IAD: 

Frameworks: 

• Positioning of IAD and the Motivation view on a system from Sowa and Zachman (1992) 

• Attributes of architectural design decisions (Kruchten, 2004b) 

DYA|Infrastructure was useful for definitions and substantiating claims about IAD, but the integral 

framework was not detailed enough on IAD to be of direct use in the process description. Also 

TOGAF was of use as a reference framework for developing architecture, but not as a blueprint of a 

process description for IAD. 

Concepts: 

• Categorization of non-functional requirements as a checklist for completeness 

• Pre- and post-traceability 

• Scenarios in requirements engineering 

• Requirements backlogging 

• Building blocks 
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Definitions: 

• Infrastructure from DYA|Infrastructure 

• Requirements 

• (Non-)functional requirements 

• Design principles 

• Stakeholder’s roles and responsibilities 

3. What phases and accompanying deliverables should an infrastructure architecture 

development process have? 

The most reliable source for answering this question has to be taken from the IAD process as it occurs 

in practice, given the shortcomings of present literature which are explained in the previous chapters. 

Based on the gathered field data, the IAD process should have the following phases and deliverables: 

• Information Gathering and Analysis (IGA): The purpose of this phase is to gather all 

relevant input for the design process, as explained in paragraph 5.1. 

o Deliverable: A document containing all relevant information to the IAD process, see 

also paragraph 5.1.6. 

• High Level Design (HLD): A conceptual outline of the proposed architecture, see 5.2.1. for a 

definition. 

o Deliverable: A high level design with documented major design decisions, see also 

paragraph 5.2.4. 

• Detailed Design (DD): A uniquely implementable design specified in such detail that it can 

be realized without further design decisions being made. 

o Deliverables(see also paragraph 5.3.3): 

�  A communication plan: At the start of this phase must be specified what 

communication will take place between specialists involved in the 

specification of the detailed design. 

� The DD itself: A diagram or document that specifies the detailed elaboration 

of the HLD with documented major design decisions. 

4. What are the roles and responsibilities for each stakeholder in the infrastructure 

architecture design process? 

The roles and responsibilities of stakeholders that are considered important by the interviewed 

architects are summarized in table 4.2, which corresponds very well with the stakeholders and their 

responsibilities in literature (see table 4.3). This indicates that the roles and responsibilities in IAD are 

very well comparable with those in software design literature and the roles and responsibilities in 

paragraph 5.1.5 can be taken as a baseline for identifying stakeholders in an IAD process.  
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In what way can the infrastructure architecture design process be supported with the use of 

insights from application architecture? 

To answer the main research question; With the frameworks, concepts and definitions of sub-question 

2 and the stakeholders identified in sub-question 4, the IAD process is can be supported best in the 

IGA phase in sub-question 3. The HLD profits less from insights from application architecture and in 

the DD phase almost no concepts, frameworks or definitions from application architecture are 

applicable. 

7.2. Reflection on literature 

Literature has been addressed in three grades in this research. First, a global framework (see figure 

1.1) was proposed that places Infrastructure Architecture Design (IAD) in the different levels of IT-

architecture that, in theory, are employed in an organization. Furthermore, this framework places the 

actual design task in a typical consultancy process. 

Second, in the global framework, the Zachman-framework (Sowa and Zachman, 1992) and RUP 4+1 

(Kruchten, 1995) were placed, where an adaptation from Kruchten (1995) was made to make this 

framework more applicable to infrastructure. Mainly the Zachman-framework provided added detail 

to the framework in figure 1.1. 

In the third grade, a number of architecture development were examined, in light of the global 

framework (figure 1.1) and the frameworks of Sowa and Zachman (1992) and Kruchten (1995), 

adapted to infrastructure. 

In the overall development of a process description for IAD DYA|Infrastructure was of great help in 

the sense that it provided background information and means for substantiating claims about IAD 

(e.g. the fact that at this time not much research on IAD has been done). Unfortunately the whole 

development process of IAD is considered as one phase in DYA|Infrastructure, which also isn’t even 

described in moderate detail. Therefore literature that did not pertain to IAD had to be consulted. 

During the research a number of issues with literature arose, which will be discussed below. 

7.2.1.  (Re-) defining ground concepts 

In attempts to apply software architecture development frameworks to infrastructure (e.g. “RUP 4+1” 

by Kruchten (1995)) it became clear that there was discrepancy between the field of software 

architecture and infrastructure architecture, which called for the need to (re-)define ground concepts 

in order to proceed with the research and relate it to literature. It was already suggested (but not 

explicitly stated) by Jumelet (2007) that requirements for infrastructure are practically always non-

functional, where the definition of non-functional is taken from literature on software development. 

The notion that literature places the typical requirements for infrastructure in the “non-functional” 

category enables a much more targeted application of literature in IAD. Another issue was the 

distinction between requirements and design principles. This mainly had to be done on logic 

reasoning and field data, because literature didn’t state much on design principles. This naming and 

framing on the basis of various sources is therefore an important part of this research. Literature was 

of great help here, but on the other hand it is also literature that provokes the need for exact 

definitions in order to position IAD correctly in this literature. 
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There was one exception to the discrepancy between literature and IAD practice, which is the 

definition of common stakeholders. The stakeholders identified in the interviews agreed very well 

with the stakeholders identified in literature (Mainly the IEEE1471-2000 standard, see also table 4.3). 

7.2.2. Development process 

The interviews held with the architects were taken as a baseline for defining the process phases in the 

process description, since this is the most reliable source of information given the fact that no process 

description on IAD exists in literature. TOGAF and software development frameworks are more 

elaborated, but contain too many elements (e.g. use cases) that do not apply to infrastructure and 

therefore can’t be imposed on IAD. 

The biggest contribution of literature lies in the first phase, Information Gathering and Analysis 

(IGA). With the notion that requirements need to be treated as non-functional, literature assisted well 

in providing guidelines for dealing with requirements(-traceability) and stakeholders. Furthermore, 

the PRINCE2 methodology (Hedeman et al., 2005) provided a good baseline for the deliverable for 

the IGA phase. 

In the High Level Design phase there was a clear need for a definition on what could be considered a 

HLD and what couldn’t. Here literature was of no help, since it couldn’t even give a solid definition 

on a HLD for software design, so a practical approach had to be taken on defining a HLD for IAD. On 

design decisions the article of Kruchten (2004b) was of great help, since in documenting design 

rationale the parallel between software and infrastructure architecture could be drawn very well. Also 

requirement post-traceability can be applied in the HLD phase. 

In the Detailed Design (DD) phase the use of literature was very limited. An extraction from Kruchten 

(2004b) could be used for documenting design rationale, but further specification of this phase relied 

on common sense and input from the architects. 

Regarding the overall process description it can be stated that the contribution of literature decreases 

from the IGA phase to the DD phase. Where in the IGA phase the contribution of literature was 

significant, this was moderate in the HLD phase and almost non-existent in the DD phase. 

7.3. Limitations and suggestions for further research 

In general it can be stated that IAD offers much opportunities for further research. An important area 

herein is the (re-)definition of definitions, concepts and frameworks. During this research it became 

clear that this area needs further attention. Especially the concept of design principles has been re-

defined in this research for practical purposes, but this definition is too meager to serve as an 

academically validated definition. 

Also a HLD is a key deliverable in the IAD process and the distinction between a HLD and DD is 

important for a number of reasons, e.g. describing only the conceptual elements to achieve good 

overview. The definition of a HLD in infrastructure is difficult, but very valuable and therefore a 

challenge for further research. 

The DD phase is conceptually not very interesting for the architect, but is mainly characterized by 

efficiency and coordination between technical specialists. When the baseline process description 

described in this thesis is commonly used, there are possibilities for standardization of DD 

development, if possible. 
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Appendix A: Background information Atos Origin/MO 

The department Managed Operations (see figure H.1 for the organizational chart) within Atos Origin 

manages core IT infrastructures for clients, including datacenters, desktop support, server farms and 

network communication systems. Within Managed Operations, the unit Consulting & Architecture 

within the department IBS specializes in IAD.  

 

Figure H.1: Organization chart Managed Operations of Atos Origin B.V. 
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History 

Atos Origin has its roots in many different organizations that have joined over the years, which is 

depicted in figure H.2, where the year numbers between the lines indicate the year this organization 

joined. 

 

Figure H.2: The different organizations Atos Origin originated from and the years in which these 

organizations joined (Atos Origin, 2009) 

Atos was formed from the merger in 1997 of two French-based IT services companies – Axime and 

Sligos – each of which had been established out of earlier mergers. By 2000, Atos employed 11,000 

staff and generated annual revenues of approximately EUR 1.1 billion.  

 

Origin was a subsidiary of Royal Philips Electronics, which had been formed in 1996 from the 

merger of BSO/Origin and Philips Communications. At the time of the merger with Atos in October 

2000, Origin employed more than 16,000 staff in 30 countries worldwide and generated annual 

revenues of approximately EUR 1.6 billion.  

 

KPMG Consulting’s businesses in the United Kingdom and The Netherlands were acquired in 

August 2002 to establish Atos Consulting. This transaction provided the Group with a major presence 

in the Consulting segment of the IT services market.  

 

Sema Group was acquired from Schlumberger in January 2004, thereby creating one of the leading 

European IT services companies. At the time of the acquisition, Sema Group employed 20,000 staff 

and generated annual revenues of approximately EUR 2.4 billion. Atos Origin employed 26,500 staff, 

generating annual revenues of more than EUR 3 billion. (Atos Origin, 2009) 
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Appendix B: Diagnosis and Solution Design phases 

20 De Consultancy Cycle - Vaardigheidstrainingen

Individual phases – diagnosis

» Goal of Diagnosis is to identify

» The existing situation (within scope)

- Technology

- Standards & guidelines

- Security

- Vendors

- etc.

- Organization & processes

- Politics

» The situation in the (nearby) future

- Planned changes

- Planned projects

» (optionally) requirements for future solution

Termination

Implementation

Action planning

Solution design

Diagnosis

Entry

Acquisition

Goal

21 De Consultancy Cycle - Vaardigheidstrainingen

Individual phases – diagnosis

Termination

Implementation

Action planning

Solution design

Diagnosis

Entry

Acquisition

Activities in this phase

» Fact finding / Data gathering
» Read documentation
» Interviews (talk to people)
» Workshops
» External knowledge: are these problems typical?

» Problem analysis
» What is the problem
» What is the problem “behind the problem”
» Why is the problem (take it to business level)
» Who is the problem

» Fact analysis and synthesis
» Summarize findings
» Categorize

» Do not assume anything in this phase

» Result: Diagnosis of the problem

 

22 De Consultancy Cycle - Vaardigheidstrainingen

Individual phases – diagnosis

» Checklist when starting Diagnosis

» What do I need to know / want to know?

» Consider

- What do I need to know now

- What can wait until later (might not be relevant)

» ASAP

- Plan interviews, meetings and workshops asap

- Ask for existing documentation asap

» Using questionnaires

- Send in advance??

- Interactively during interview??

- During a workshop??

- There is no “universal assessment questionnaire”!!

» Missing information is also information

» Check if the “real” problem matches with the “stated” problem defined 

during entry

» Feedback to customer

Termination

Implementation

Action planning

Solution design

Diagnosis

Entry

Acquisition

Checklist

 25 De Consultancy Cycle - Vaardigheidstrainingen

Solution Design

» Goal of Solution Design

Identify and specify the most appropriate solution for the problem, 

given the information from Entry and Diagnosis

» Two phases

» Diverging: identify (all) possible solutions

» Converging: determine most appropriate solution

Diverge Converge

Termination

Implementation

Action planning

Solution design

Diagnosis

Entry

Acquisition

 

26 De Consultancy Cycle - Vaardigheidstrainingen

Diverge

» Identify options / possible solutions

» Be creative

» Be open minded / think “out of the box”

» Do not work towards one solution (yet)

» “Hammer & nail” syndrome

"if all you have is a hammer, everything looks like a nail"  

(Abraham Maslow, 1962)

Termination

Implementation

Action planning

Solution design

Diagnosis

Entry

Acquisition

27 De Consultancy Cycle - Vaardigheidstrainingen

Converge

» Select preferred/best option

» Check against requirements (found during Diagnosis)!!

» Policies & standards (found during Diagnosis)

» Cost (TCO)

» Security

» Flexibility

» Scalability

» Time/cost/effort to introduce (transition)

» THERE MIGHT NOT BE ONE SINGLE BEST SOLUTION

Termination

Implementation

Action planning

Solution design

Diagnosis

Entry

Acquisition

28 De Consultancy Cycle - Vaardigheidstrainingen

Things to consider

» Is this pure technical are does this also involve change of

» Culture, jobs, roles, ... of customer’s employees (or users)?

» (From an “influencing without authority” paper): Understand that politics, not 

technology establishes the limits on what can be achieved.

» Level of detail in the solution

» Product selection?

» Vendor selection?

» Feedback of the solution to the customer

» Maybe some facts were not identified and your solution is not suitable

» Some “lobbying” of the solution might be necessary

» Result: an agreed solution

Termination

Implementation

Action planning

Solution design

Diagnosis

Entry

Acquisition
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Appendix C: IAD assignment examples 

Document number NLD-CCK-2486 (date: 12-6-2008) 

Management Summary 

The existing datacenters show limitations in the area of available floor space, power and cooling 

supplies and floor load. Furthermore the datacenters are too outdated to invest in a (major) 

refurbishment. 

The request is to determine the longer term physical datacenter strategy on a European level. 

Additionally the short term plans for 2009 should be identified, including indicative financial 

estimates. 

The goal is to help prepare input for the budget request to the customer organization to be finalized by 

July 11th, 2008. 

Atos Origin proposes a phased consultancy assignment for the evaluation and comparison of a limited 

number of scenarios. 

1 Introduction 

1.1 Background 

Due to the customer’s increased business, customer’s IT services are expanding rapidly and are 

becoming more and more critical. IT is expecting to reach the limit of their existing (physical) 

datacenters by the end of next year (2009). The existing datacenters show limitations in the area of 

available floor space, power and cooling supplies and floor load. Furthermore the datacenters are too 

outdated to invest in a (major) refurbishment. 

1.2 Customer request 

Customer requests to determine the longer term physical datacenter (data room) strategy on a 

European level for the data rooms in Eindhoven (2), Belgium (1) and UK (2). Additionally the short 

term plans for 2009 should be identified, including indicative financial estimates. 

The goal is to help prepare input for the budget request to the Paccar organization. 

The assignment will have to be executed in a limited timeframe since the deadline for budget 

submission is July 11th, 2008. 

1.3 Atos Origin offers 

Atos Origin offers a consultancy assignment which results in the following deliverables: 

• Interview reports 

• PowerPoint presentation with summarized findings, the most feasible scenarios and their 

comparison, 

• Plans and indicative financials for 2009, 



 

63 

• Optionally input for the budget request customer has to prepare by July 11th, 2008. 

2 Atos Origin approach 

After identifying information about the current situation and the requirements for the new datacenters, 

various scenarios will be evaluated and compared. 

Atos Origin will distinguish the following phases: 

• Diagnosis 

During this phase all factual information will be gathered. This includes reading of relevant 

documentation (such as the existing infrastructure landscape, existing disaster recovery plans, 

continuity measures, RTO, RPO, relevant standards documents). Interviews with key people will 

complete this information and will provide requirements input for the new datacenters strategy. 

Datacenter visits (Eindhoven, Belgium, UK) will give detailed insight in the current physical 

infrastructure. Interview(s) should include the datacenter budget responsible and datacenter operations 

(physical activities). 

Deliverables of this phase: interview reports, summarized facts and findings. 

• Solution design 

Based on the required facts and requirements, the most relevant scenarios (2-4) will be identified: 

These will include the possibility of rebuilding datacenter(s) in the Eindhoven area. The selected 

scenarios will be compared on various criteria including a risk assessment per scenario. 

Deliverables of this phase: a PowerPoint presentation with different scenarios and comparisons. 

• Gap analysis and planning 

From the preferred longer term goal/scenario the required shorter term activities for 2009 will be 

distilled. This results in a high level activity plan for next years. 

Deliverable of this phase: the PowerPoint presentation is enhanced so it includes a planning in which 

the actions for 2009 are more detailed, including indicative financials. 

• Presentation and finalization 

This phase involves the presentation and final discussion of the results. Any remaining minor updates 

of clarifications will be made. Optionally assistance is provided to prepare textual input that can be 

attached to the budget request. 

Deliverable of this phase: updated PowerPoint presentation and optionally textual input. 

3 Indicative planning and estimates 

3.1 Planning 

Based on the limited time given, we propose to use the following planning for the different phases: 

• Week 25: Diagnosis 

Reading documentation, holding interviews 
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• Week 26: Finalizing diagnosis & solution design 

Leyland visit, interview reports, initial solution design 

• Week 27: Finalizing solution design, gap analysis, planning, presentation, possible updates 

Finalization of the proposed solution, presentation, incorporation of comments and updates. 

Possibly assisting in creation of budget approval (additional) documentation 

3.2 Estimates and pricing 

The estimated time spent is as follows: 

<pricing table> 

Pricing includes traveling within the Netherlands and Belgium. Travel and lodging for the UK will be 

charged separately. 

The project is offered as a time & material project in which there is a weekly progress report about 

activities, deliverables and spent hours. 

3.3 Resourcing 

The assignment will be executed by: 

• … 

3.4 Conditions 

This offer is valid until June 20th, 2008. 

The general terms and conditions between customer and Atos Origin that are applicable to this 

proposal are recorded in the current Master Agreement Mainframe Services, signed November 8th 

2007. 

3.5 Assumptions 

The project can only be successful and delivered within budget when the following assumptions are 

met: 

• The UK visit should be possible within one calendar day. 

• All interviewees are located on the Eindhoven and UK locations. 

• The estimates of the Diagnosis phase are based on 8 interview sessions. More interviews will 

most likely involve more hours spent. Note that interviews are based on one hour sessions with 1-2 

interviewees. 

• Since this is not a “full time” project, appointments must preferably be communicated and 

agreed 2-3 working days in advance in order to avoid scheduling problems. 
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• Access to physical builder’s knowledge and experience within customer for planning and 

financial estimates is available (as customer Trucks mentioned during the intake meeting of Monday 

June 9, 2008). 

4 Why Atos Origin 

Atos Origin Managed Operations is running a vast operation involving many customers with different 

services, different service levels and using different infrastructure standards. 

Infrastructure Professional Services benefits from this many years’ knowledge and experience and 

helps its customers in various strategic, tactical and operational consultancy and architecture 

assignments. This not only involves technology, but also areas such as (delivery) processes, security, 

compliance, etc. 

Additionally Infrastructure Professional Services benefits from its work with customers who manage 

(part of) their own infrastructure. Our consultants and architects have experience in the architecture, 

the deployment and the operations of non “Atos Origin Managed Operations” customers. 

Lastly, Infrastructure Professional Services has close contact with all major suppliers of key 

technology providers in order to be able to advise on the optimal use of existing technologies or the 

deployment of new technologies. 

In short, Infrastructure Professional Services helps its customers from the experiences it has build up 

in the past in many different managed operations environments, working in close cooperation with 

suppliers. 

Document number DW0905005 (date: 13-5-2009): 

Inleiding 

Op maandag 4 mei vond een gesprek plaats met klant. Hierin werd de volgende situatie geschetst: 

• IT afdeling heeft een grote portfolio met opgestarte en op te starten projecten; 

• Niet al deze projecten kunnen tegelijkertijd worden uitgevoerd: aspecten als de maximale 

acceptatiecapaciteit in de organisatie spelen een rol bij het “in volgorde zetten” van de projecten. 

Probleemstelling en opdracht 

De omvang van de projectenportfolio noopt IT afdeling om prioriteiten te stellen: 

1. Een deel van de werkzaamheden binnen de projecten, waaronder de acceptatieactiviteiten, moet 

worden uitgevoerd door mensen uit de afdeling IT. Omdat hier slechts een beperkte capaciteit 

beschikbaar is, moeten projecten worden getemporiseerd. 

2. De projecten zullen vanuit de business als must-have of als nice-to-have moeten worden 

geclassificeerd. 

3. Sommige projecten zullen een onderlinge afhankelijkheid hebben, waaruit een volgordelijkheid 

volgt. 

4. De mogelijkheden en beperkingen rondom de (interne of externe) resourcing van de verschillende 

projecten bepalen eveneens de volgor¬delijk¬heid van de projecten. 
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5. Op welke manier kan Atos Origin ondersteuning geven aan de invulling van de externe resourcing 

voor de projecten. 

Om de projecten in de tijd te kunnen plaatsen, zullen effectieve besliscriteria moeten worden 

opgesteld. Daarna zullen alle projecten in scope in de juiste tijdsvolgorde moeten worden geplaatst. 

Aanpak 

De opdracht zal worden opgesplitst in twee fases: 

Fase 1 

Het vaststellen van de criteria waarlangs een project zal worden geclassificeerd. 

In deze fase zal ook op hoofdlijnen de inhoudelijke kennis van de verschillende projecten worden 

opgedaan: 

• De high level projectdocumentatie  zal worden gelezen. 

• Er zullen gesprekken plaatsvinden met de projectleiders. 

Fase 2 

Het classificeren van de projecten in scope, gebaseerd op de Roadmap omschreven in de Excel file 

“IT projecten_Jaarplan.xls”, aangevuld met de projecten die genoemd zijn in de Excel file 

“Aanvragen en te starten klantenprojecten.xls”. In deze fase zullen ook gesprekken plaatsvinden met 

Business Support als vertegenwoordiging van de business (klanten/gebruikers). 

 

Standplaats 

Standplaats van waaruit de werkzaamheden zullen worden uitgevoerd: Eindhoven en/of klantlokatie. 

 

Planning 

Geschatte inspanning: 10 mandagen (80 uur).  

Voor fase 1 wordt een inspanning van 5 mandagen verwacht. 

Voor fase 2 wordt een inspanning van 5 mandagen verwacht, onder aanname dat er geschikte 

projectdocumentatie aanwezig is en dat Business Support in voldoende mate de business zal 

vertegenwoordigen. 

Optie tot verlenging is mogelijk. 

Vanaf week 22 (week beginnend met maandag 25 mei) kan met de werkzaamheden worden 

begonnen. 
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De opdracht zal worden uitgevoerd op basis van 2 dagen per week, bij voorkeur op vaste weekdagen. 

Dit zal in overleg worden vastgesteld. 

Geschatte doorlooptijd: 5-6 weken.  

Deliverables 

Fase 1 levert een PowerPoint op met daarin de uitleg van de verschillende besliscriteria alsmede de 

eerste bevindingen n.a.v. het lezen van de documentatie en het voeren van de gesprekken. 

Fase 2 levert een Excel framework op, waarin de projecten zijn geclassificeerd aan de hand van de 

opgestelde criteria. Daarnaast zal er een overzicht met bevindingen en opmerkingen worden opgesteld 

die als basis dient voor verdere verbeteringen c.q. verdere borging in de organisatie. Dit zal in een 

eindgesprek worden behandeld. 

Kosten 

… 

Geldigheid 

Dit voorstel is geldig tot vrijdag 12 juni 2009
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DYA | Infrastructure TOGAF Hofmeister et al. (2006) Kazman et al. (2006) 
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Appendix E: Interview questionnaire 

Vragenlijst interview t.b.v. Infrastructuur Architectuur Design (IAD) 

Datum: 

 

 

Naam Geïnterviewde: 

 

 

 

 

 

 

Welke fasen zijn er te onderscheiden in het IAD-proces? 

 

Welke deliverables horen bij elke fase? 

 

Welke rollen zijn er te onderscheiden in het IAD-proces? 

 

Welke verantwoordelijkheden hebben deze rollen? 

 

Welke dimensies en views uit het framework van Sowa en Zachman (1995) zijn in uw mening toepasbaar 

is op infrastructuur? 

 

L
ev

el
 o

f 
ar

ch
it

ec
tu

re
 Business architecture 

Information/application architecture 

Infrastructure architecture 

Acquisition Entry Diagnosis Solution Design Action Planning Implementation Termination 

 
Development process 
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Logical view � Software 

Dev. View � Afhankelijkheden servers 

Process view � Fysieke servers 

Physical view � Netwerk connecties 

 

Welke dimensies uit het framework van Kruchten (1995) zijn toepasbaar op infrastructuur? 

 

Wat is uw definitie van een bouwblok? 

 

Kunt u een definitie geven van infrastructuur-architectuur? 

 

In hoeverre denkt u dat er principes vanuit de business- en applicatie-architectuur over te nemen zijn in 

IAD? 
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Phase from 

consultancy 

cycle 

 Respondents  

Phase 

from field data 

Respondent 1 Respondent 2 Respondent 3 Respondent 4 Respondent 5 Respondent 6 Respondent 7 

 

 

 

Diagnosis 

Information gathering Company goals and requirements 

Gap-analysis PMO and FMO 

Functional 

application 

overview 

<not available> Scope & policies 

Division 

functionality in 

areas (storage, 

network etc.) 

Design rule mapping 

Analysis PMO 

in PowerPoint 

presentation 

Requirements 

 

HLD PMO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

Design 

High Level Design Application names 

Network protocols 

Network security zones 

Functional app. zones 

DTAP zones 

Application 

names 

DC Location 

Requirements 

Service building 

blocks 

For each OS 

separate diagram 

Hostnames 

VLANs 

Clustering 

Storage + sizing 

DTAP zones 

Backup 

Design Principles 

DC Location 

Network security 

zones 

Operating 

Systems 

Building blocks 

Clustering 

Storage 

LANs/VLANs 

Network switches 

Sizing servers 

Backup 

<not available> Server function 

(sometimes app. 

names) 

DC Location 

Security zones 

 

Server function 

DC Location 

Hardware 

(sizing) 

LANs 

Hostname 

Storage 

Backup 

Firewalls 

DC (non-

specific) 

Storage 

Firewalls 

Detailed Design Component 

Design 

DC (non-

specific) 

Mapping 

applications 

to servers 

Storage 

Backup 

Building block 

definition 

Used standards 

Spreadsheet of 

equipment  

(-type) 

<Not available> Global specs 

machines 

(ranges CPU 

and RAM) 

Network (which 

NIC to which 

switch/LAN) 

Network 

security zones 

Server number, 

type. 

IP address 

ranges 

Firewall rules 

 

Network 

zones 

Applications 

Placement Location 

(data center 

name) 

Range 

LAN/WAN 

Machine 

series/type 

Mapping 

application 

to OS 

Application 

IP 

VLANs 

A
p

p
en

d
ix

 F
: D

esig
n

 elem
en

ts in
 p

ro
cess p

h
a
ses 

Process phases and design elements used therein by interviewed architects 

7
2
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Appendix G: Presentation workshops 

2 Custom presentation- or document control name

Geïdentificeerde proces fasen

» Information Gathering and Analysis (IGA)

» High Level Design (HLD)

» Detailed Design (DD)

Optional chapter number (Arial 10 plain)

The foot text is aligned to the right (Arial 18 plain black)

 3 Custom presentation- or document control name

Information Gathering and Analysis

» Doel: Baseline creëren om architectuur te maken

» Deliverable IGA fase is leidraad voor proces IGA fase

 

4 Custom presentation- or document control name

Deliverable IGA fase

» Achtergrond
» Context
» Motivatie

» Project Definitie
» Doelen
» Scope
» Belangrijkste resultaten (Key Performance Indicators)
» Randvoorwaarden
» Afhankelijkheden met andere projecten
» Aannames

» PMO (optioneel FMO)

» Condities (evt. uitsplitsen naar HLD en DD)
» Requirements (Traceability naar bron en rationale)
» Design principes

» Rollen en verantwoordelijkheden

» Vraag: Post-traceability (requirements � design) ook nuttig?

 5 Custom presentation- or document control name

High Level Design (1)

» Doel: Het weergeven van het globale ontwerp, waarin de belangrijkste concepten naar voren 
komen.

» Input: Requirements en principes relevant voor HLD

» Moet 1 à 2 hardware-renewal cycles mee gaan (3 tot 6 jaar )

» Specialisten moeten ermee aan de slag kunnen

» Conceptueel / implementatie-onafhankelijk

» Abstract genoeg dat de klant het kan begrijpen

» Als iemand na 6 jaar in dezelfde (onveranderde) omgeving aan de slag gaat, moet het HLD 
niet veranderd zijn, zodat dat nog een correct beeld geeft van de globale situatie

 

6 Custom presentation- or document control name

High Level Design (2)

» Moet 1 à 2 hardware-renewal cycles mee gaan (3 tot 6 jaar )

» Specialisten moeten ermee aan de slag kunnen

» Conceptueel / implementatie-onafhankelijk

» Abstract genoeg dat de klant het kan begrijpen

» Elementen die er in horen:
» Application namen (als niet beschikbaar, applicatie functie)
» Operating Systems van servers
» Datacenter Locaties
» Netwerk communicatie protocollen
» DTAP zones
» Security zones
» Namen of (non-IP)nummers van (V)LANs
» Firewalls
» Clustering

» Elementen die er niet in thuis horen
» Sizing (hard disk and memory size, processor speeds etc.)
» Machine type (bijv. P550)
» IP adressen

» Elementen kunnen ook terugkomen als “views”, afhankelijk van specialisten. (Windows- en 
Unix views in geval van samenwerking met Windows- en Unix specialisten)

7 Custom presentation- or document control name

High Level Design vragen

» Welke elementen eerst?

» Documenteren beslissingen?
» Indeling naar Soort:

- Existence (zit er in, vooral het waarom is belangrijk)
- Non-existence (is weggelaten, bijv. Er wordt GEEN gebruik gemaakt van 

Linux)
- Property (voor alle applicaties wordt Unix gebruikt waar mogelijk)
- Executive (vanuit de business opgelegd, bijv. Dit systeem moet op Unix 

vanwege betrouwbaarheid)
» Attributen:

- Statement
- Rationale
- Scope (1 systeem, 1 LAN, 1 landschap etc.)
- Traceability (Auteur, time stamp, history)
- Status (Idea, Tentative, Decided, Approved, Challenged, Rejected, 

Obsolete)
- Categorie (Usability, Security, Politics)

» Relaties tussen beslissingen (eerst A dan pas B, A excludes B)?

8 Custom presentation- or document control name

Detailed Design

» Doel: Het landschap moet 1-op-1 gebouwd kunnen worden op deze specificatie

» Input: HLD, Requirements relevant voor DD en niet-HLD getallen

» Principe, welke al deels terugkomt in HLD in vorm van opsplitsing in views HLD:

» Vraag: Standaardisatie mogelijk/wenselijk?

Detailed 

Design

- HLD
- Detailed req.
- Getallen

S
p

e

c

i

a

l
i

s

t

e

n
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Appendix H: Design principles in documentation 

Presentation High Level Design v0.7: Datacenter, Netwerk, Storage, Back-

up, Uitwijk (Schripsema, 2008) 

• IP adres ranges voor de datacenters worden door <company name 1> / <company name 2> 

aangeleverd en wordt door AO vervolgens onderverdeeld. Het beheer wordt belegd bij IPAM 

(IP Administration Management) 

• L2 koppeling binnen een short distance twin en een L3 koppeling tussen een long distance 

twin 

• Servers in de DMZ hebben geen gescheiden NICs voor front-end en back-end VLANs, trunks 

bevatten zowel front-end als back-end VLANs. 

• Server load balancers per regio beschikbaar. 

• Uitwijk wordt gerealiseerd op basis van DNS wijzigingen. 

• Alle User verkeer wordt via de voorkant afgehandeld en is dubbel ontsloten naar het DC 

LAN. 

• Toegang voor AO en third parties van AO naar de <company name 1> omgeving gaat altijd 

via AOSN BPC*, AOSN stepping stone en <company name 1> dedicated firewall naar het 

management LAN (outband management).  

• KA servers (<company name 3>) worden in aparte security zone geplaatst. KA omgeving 

krijgt eigen management VLAN. 

• De IP range voor het KA user VLAN wordt als blok uitgegeven. <company name 3> is 

verantwoordelijk voor IP uitgifte binnen deze range  

• FW / routers zorgen voor zone koppelingen  

• Internetverkeer vanaf werkplek wordt door <company name 2> afgehandeld. 

• Koppelvlak gebaseerd op router/router koppeling tussen <company name 2> en AO 

• Verkeer vanuit het land wordt aangeboden op het destination datacenter. DC1 en DC2 worden 

gezien als 1 datacenter. 

• Internal DNS Hosting zones*, DNS service vanuit elk datacenter beschikbaar. 

• <company name 2> levert private root voor interne DNS servers 

• Internal DNS Management network*; DNS service vanuit regio Eindhoven en Amsterdam 

• External DNS voor A en PTR records Via standaard AO infrastructuur 

• Distributie via “IP address management” met behulp van IPcontrol 

• Voor <company name 1> wordt gebruik gemaakt van de VDC locaties DC1, DC2, DC3. 
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• 10Gb backbone (ring) tussen datacenters 

• Routering principe is kortste route 

• Internet beschikbaarheid: Wordt op 2 verschillende plaatsen aangeboden, Kortste route DC1-

DC3, alternatief DC1-DC4-DC3 

• (internal DNS) Servers in DC-LAN: resolving alle servers in DC-LAN zone (AO, <company 

name 4>, <company name 2>) en specifiek in DMZ 

• (internal DNS) Private root wordt geleverd door <company name 2> 

• (external DNS) Vanuit Internet resolving via standaard AO infrastructuur  

• Distributie via “IP adress management” met behulp van IPcontrol 

• In elk datacenter zijn alle FSOD diensten beschikbaar 

• 1 leveranciers beleid: NetApp 

• Hardware wordt shared over security zones ingezet. Iedere security zone krijgt een aparte 

V.Filer toegewezen. 

• Replicatie tussen DC1/DC2 en DC3 beschikbaar. 

• Rechtstreeks back-up van NAS naar tape. 

• Uitwijk alleen bij site failure in overleg met klant 

• Bij uitwijk service level *** is er een hot standby server beschikbaar. 

• In geval van uitwijk worden er geen IP ranges ‘verhuisd’ 

• Automatisch herconfigureren van server configuraties via scripting.  

• Alle niet gevirtualiseerde uitwijk systemen “booten” van SAN. 

CDC2006 – Corporate Data Center 2006  

• The new Data Center AMS/PRD and Data Center RTM/CRP infrastructure will be identical 

in order to enable technical acceptance testing before the introduction of a release (software 

as well as hardware) into production and/or the addition of extra/new environments to the 

system.  

• The target architecture will be similar to the current one. This means that application data and 

application software will be separated in P-series with minimal use of Direct Attached 

Storage Devices (=DASD) and an optimal use central storage facility (Filer). All relevant data 

and worthwhile to backup will be likewise primarily placed on the filers. Also if this involves 

additional scripting to periodically copy (compressed) files form DASDs (for instance for the 

AIX mksysb)  

• We will use AIX 5.3 ML 4.0, 64 bits, which enables micro partitioning and ‘hot’ reallocation 

of resources.  
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• We will use dual AIX Virtual I/O servers at both the AMS and RTM site, which enables the 

shared use of SCSIs, DASD and NICs over LPARs.  

• Our current LAN Cisco core switches and NIC’s in the new Power5 based AIX servers and 

the NetApp network attached storage filers can be configured to support:   

• The active/passive configuration, which can also be teamed (in order to be scaleable to at 

least four times current network traffic)  

• Jumbo frames for local network data traffic 

• The current backup strategy will NOT be changed, We will continue to create tape back-ups 

to a tape library in DC RTM only.  

ICT Architecture Principles v 1.0 (8-5-2007) 

• Decide based on cost / benefit analysis 

• Reuse solutions 

• Buy instead of build 

• Do not modify a standard package 

• Use proven technology 

• Use data directly from the source 

• Keep it simple and flexible 
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Appendix I: Requirements in documentation 

Document number AJB-20020302 version 0.8 (Bron, 2002) 

• The Unix Stepping Stones (USS) service needs to be a Non-Stop service with preferably 

100% uptime. 

• The USS must be a central managed solution – preferably with 7x24 support just to make sure 

that indeed the USS is truly Non-Stop available. 

• The USS design must be scalable so that for a “small” customer a more light-weight solution 

can be chosen. 

• The USS Enterprise should be sized so that around 60 users can connect to it and from there 

to other servers using the techniques / protocols described in the “Technical Requirements” 

section. 

• The USS design must be optimized for low-bandwidth connections (9600bps). There are two 

reasons for this: 

• System management is not always taking place during office hours from an office workplace. 

In a standby shift system managers will have to use mobile facilities for connecting to servers. 

These mobile facilities have much lower bandwidth than the office network offers – 64kbps 

for ISDN modems, at most 56kbps for analogue modems and even 9.6kbps when using 

mobile phones as modems. 

• Especially when hopping from desktop to the AOSN USS, to the customers USS and then to 

the server, the traffic through the TPG must be limited as much as possible. 

• It’s especially a waist of resources when character-based applications (terminal emulators etc) 

are “converted” to graphical-based applications by the design of the USS. 

• The Storage Works Command Console application can be used to manage Storage Works 

cabinets connected to servers in the customer network. 

• A telnet based terminal emulator can be used to access the servers in the customer network 

from the system administrator’s workplace. 

• An ssh based terminal emulator can be used to access the servers in the customer network. 

• File transfer to and from servers in the customer network can be initiated from both sides and 

automated from the customer side using ftp and scp. 

• Mail sent from the servers in the customer network can be delivered to the exchange mailbox 

in the AtosOrigin network. 

• Passive X-window sessions from the servers in the customer network to a display of an AO 

Tru64 system manager are possible. 
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• Printing from a server in the customer network to a printer near to the AO Tru64 system 

manager is possible. 

• The use of rlogin / rsh / rexec to connect to servers in the customer network must be 

supported. 

• The USS should run on time, guaranteed by running an ntp client. 

• The USS must be able to forward TSU requested network traffic. 

• The USS must be able to forward ougmon network traffic. 

• The USS must be able to forward netsaint network traffic. 
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Rapportage Gap analyse Bedrijfseisen (Hetharia and Zondag, 2003) 

Gemeenschappelijke 

eis

Opmerkingen Toevoeging op 

business eis t.b.v. 

ICT eis

Opmerkingen ICT Huidige situatie 

(kan wel/niet 

voldoen aan eis)

Voorziene situatie 

2003 (kan wel/niet 

voldoen aan eis)

Nr

Mbt dialoogprocessen

Online reponstijd

<1 sec 90 %, <2 sec 

95%, <3 sec 99 %
OK OK

11

Starttijd /doorlooptijd transactie loading via batch (exportbestand importeren via batch in SAP)

Binnen 15 minuten 

proces starten / nooit 

meer dan enkele uren

Voldoende vrije 

systeem resources 

kan nu niet 

gegarandeerd worden.

-- --

12

Doorlooptijd queries (mits goed geanalyseerd, goed geprogrammeerd en goed geparametriseerd)

<10 minuten d.w.z. als >10', dan 

wordt query gekilled. 

Dit wordt bewaakt en 

beperkt door 

Func.beheer Filopro.

Goed 

geparametriseerd: 

Aantal te benaderen 

rijen als extra conditie.

Er is geen separate 

omgeving voor queries. 

Zonder beperking aan 

door queries 

veroorzaakte 

systeembelasting kan 

performance niet 

gegarandeerd worden. 

-- --

13

Autorisatie van rollen

Beperkt en goed 

gecontroleerd 

autorisaties uitgeven

Autorisatie matrix 

moet goed beschreven 

zijn

uitgeven via 1 

centrale plek.
Nu: OK

1 centrale plek: --

Nu: OK

1 centrale plek: --

14

Mbt piekperioden

Wanneer piekperioden

Maandagochtenden, 

rond periode afsluiting 

en tussen 5e en 10e dag 

van de maand.

Kunnen ook 

kalenderonafhankelijk 

zijn, bijvoorbeeld 

vragen n.a.v. 

campagnes

OK OK

15

Online responstijd

<1 sec 90 %, <2 sec 

95%, <3 sec 99 %

JUIST bij piekperioden 

van belang.
OK OK

16
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Starttijd /doorlooptijd transactie loading via batch (exportbestand importeren via batch in SAP)

Bij voorkeur geen 

transactie loading 

tijdens piek, tenzij het 

geen performance 

probleem oplevert.

Dus: ICT krijgt vrijheid 

om transactieloading 

te blokkeren als 

performance in gevaar 

komt.

OK, sinds 01-01-'03 OK

17

Responstijd queries

<10 minuten ICT begrijpt dat 

sommige queries 

belangrijk zijn, zelfs 

belangrijker dan online 

muteren.

Er is geen separate 

omgeving voor queries. 

Zonder beperking aan 

door queries 

veroorzaakte 

systeembelasting kan 

performance niet 

gegarandeerd worden.

-- --

18

Mbt batch processing

Welke batch wanneer / doorlooptijd

Facturatie batch en 

backup moeten samen 

binnen batchperiode 

passen. (buiten online 

periode)

Eis zou moeten zijn 

dat batch of backup 

geen performance 

verlies mag 

veroorzaken tijdens 

online periode.

Op dit moment lopen 

batches nog door in de 

dag.  Thans is 

facturatiebatch window 

4nachten + 1uitloop. 

Lichte batches 

5nachten+ 1uitloop is 

OK, mits er geen 

technisch onderhoud, 

conversie etc. is.

OK OK

19

OSBO OSBO maakt 

varianten, Basis doet 

scheduling. OSBO 

bepaalt welke batches 

starten.

OK OK

20

Aantal SAP toepassingen (modules)

Nvt.
X X

21
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Gemeenschappelijke eis Opmerkingen Toevoeging op 

business eis t.b.v. 

ICT eis

Opmerkingen ICT Huidige situatie 

(kan wel/niet 

voldoen aan eis)

Voorziene situatie 

2003 (kan wel/niet 

voldoen aan eis)

Nr

Impact kleine verstoringen.  (deel functionaliteit / data niet beschikbaar/klein deel users)

Acceptabele frequentie niet beschikbaarheid

24 maal per jaar We meten op het 

datacenter

Oorzaak dergelijke 

kleine verstoringen is 

meestal functioneel of 

lokale infra.

OK OK

38

Acceptabele duur niet beschikbaarheid

2 dagen of in overleg langer. Niet langer dan 2 

dagen. Maximum 

percentage gebruikers 

benadeeld: 0-5%.

SLA van werkplek, 

LAN/WAN 

achterhalen.
OK OK

39

Impact middelgrote verstoringen. (groot deel functionaliteit / data niet beschikbaar/ deel users)

Acceptabele frequentie niet beschikbaarheid

5 maal per jaar
OK OK

40

Acceptabele duur niet beschikbaarheid

4 uur Max. percentage 

gebruikers benadeeld: 

5-25%.

Nu 5 appl.servers. Als 

er 1 uitvalt dan impact 

op 20% vd users. 

Users kunnen wel 

direct weer aanloggen.

Binnen ICT OK, maar 

er is nog geen back-to-

back agreement met 

vendors.

-- --

41

Acceptabel lager performance niveau

Raadpleegomgeving als 

minimum handhaven op full 

performance (red: 90%<1, 

95%<2, 99%<3)

Gebruikersgroepen 

prioriteren

Permanente raadpleeg 

omgeving is er niet. 

(wordt alleen opgetuigd 

voor geplande downs)

-- --

42

Acceptabele duur van vervanging op lager performance niveau

4 uur

-- --

43
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Gemeenschappelijke eis Opmerkingen Toevoeging op 

business eis t.b.v. 

ICT eis

Opmerkingen ICT Huidige situatie 

(kan wel/niet 

voldoen aan eis)

Voorziene situatie 

2003 (kan wel/niet 

voldoen aan eis)

Nr

Bescherming lokatie SAP systemen

Alleen geautoriseerde 

toegang van rekencentrum

RC wordt conform beleid 

zone 3 toegang dwz 

enkel geautoriseerde 

personen hebben 

toegang 

Pieter checkt motivatie 

bij H. Romijnders

-- OK

57

Toegang tot SAP

Authenticatie, identificatie 

en autorisatie moeten zo 

ingericht zijn dat alleen 

bevoegden toegang krijgen

Conform 

Informatiebeveiligingsbele

id
-- OK

58

Afscherming gegevens

Authenticatie, identificatie 

en autorisatie moeten zo 

ingericht zijn dat alleen 

bevoegden toegang krijgen. 

Bedrijfskritische applicaties 

dienen een afgeschermde 

omgeving te hebben

Ook voor autorisaties op 

UNIX niveau geldt: 

conform IBB

Pieter checkt motivatie 

bij H. Romijnders

-- OK

59

Uitvoeren SAP functionaliteit

Conform vastgestelde rollen. 

Zie IBB

Zie ook Performance 

blad: autorisatie van 

rollen.

appl. beheer nu bij CCC. 

Niet overeenkomstig IBB. -- --

60

Tracking/ tracing (logging)

Mogelijkheid om deze 

incidenteel per veld in te 

stellen

Gebruikers/eigenaar 

geven aan wat er gelogd 

dient te worden

Pieter checkt motivatie 

bij H. Romijnders

-- OK

61
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Appendix J: Example of high level design 
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