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ABSTRACT 

As a consequence of the increasing requirements on enterprises caused by globalization, fusion of 

business and IT, new/changing technologies and especially new regulations Enterprise Architecture 

Management has gained increasing public attention. In this context Enterprise Architecture (EA) can be 

considered as a holistic view of an enterprise acting as a “collaboration force” between business aspects 

such as goals, visions, strategies and governance principles as well as IT aspects. For EAs to be useful and 

to provide business value their formal and comprehensive documentation (data collection and 

visualization) is essential. Due to the increasing information amount caused by the extending scope on the 

business as well as on the IT side the EA modelling is cost-intensive and time-consuming. Most of all the 

documentation is impaired by increasing linking and integration as well as by the striving for automated 

cross-company business processes. Consequently, the relevant data are widely scattered. Current 

approaches are largely determined by manual processes which are able to deal only to a limited extent 

with the new trends.  

However, a lot of the needed information, above all about the application landscape and the interrelations, 

is already present in existing Enterprise Service Bus systems used to facilitate the collaboration between 

applications both within and beyond boundaries. This allows avoiding the expensive task of data 

collection. This thesis is concerned with the automated documentation of Enterprise Architectures and the 

support of decision-making using the information provided by an existing Enterprise Service Bus, 

whereby as a concrete system SAP NetWeaver Process Integration is used. Therefore a tool-aided 

automated process for the creation and visualization of an Enterprise Architecture model instance is 

proposed. An essential aspect in this connection is the coverage of the EA information demand set up by 

EA frameworks such as CySeMoL and ArchiMate, the analysis of the quality as well as the implementation 

of the logic to transform SAP PI data into EA information. Moreover, several viewpoints are proposed to 

visualize the extracted data appropriately especially regarding decision problems in the area of the 

collaboration between applications both within and beyond boundaries. 
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1. MOTIVATION AND OBJECTIVES  

“In the 21st century, Enterprise Architecture will be the defining factor – the factor that separates the 

winners from the losers”. (John A. Zachman) 

 

1.1 BACKGROUND AND PROBLEM STATEMENT 

Due to the widely recognized shift in the role of IT from the days when information technology was 

referred to data processing to today where IT is seen as a critical resource to differentiate from 

competitors as well as to enable and drive business many organizations have been forced to change their 

IT management practices [1]. New developments such as globalization, fusion of business and IT, new 

technologies as well as new business models compel them to deal with the growing number of 

opportunities and thus to adapt themselves to the new circumstances more rapidly. These features give 

ever increasing importance to decision making and governance task [2]. Thereby the emerging concept 

Enterprise Architecture (EA) is promoted to them as the next solution. Recent studies have already proven 

the increasing significance of EA as one of the most important issues on the CEO and CIO level in recent 

years[3]. 

Where classical approaches focus on specific aspects Enterprise Architecture can be considered as a 

holistic view of an enterprise acting as a “collaboration force” between business aspects such as goals, 

visions, strategies and governance principles as well as IT aspects[3]. The organization’s structure, 

processes, application systems and technologies shall be described in a way so that decision makers as 

well as implementation engineers are supported appropriately [4]. Accordingly, the primary benefit is to 

meet the information demand of the stakeholders [4]. However, for EAs to be useful for the facilitation of 

decision-making processes and to provide business value their formal, up-to-date and comprehensive 

documentation is essential. In this context, documentation comprises the data collection as well as their 

visualization. Unfortunately, the information volume tends to become more and more extensive so that 

especially in big companies the models can become rather extensive regarding size as well as 

complexity[5]. At the same time, rapid market changes require upgrades in ever shorter cycles [6]. 

The established documentation processes are clearly not up to this task. A study conducted by Winter et 

al. [7] in 2010 reveals a high degree of manual work with a small amount of automation in the domain of 

data collection and maintenance. The increasing information volume makes these activities time-

consuming as well as cost-intensive[8]. Furthermore, it is not only important to meet the EA information 

demand but also to achieve and keep a high quality. Especially with a high information volume there is a 
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high risk of having incorrect or missing information. On top of this, against earlier expectations current EA 

tools are to a great extent independent from the organizational processes as well as structure and 

therefore rely on manual input [8]. Within a survey conducted by Farwick et al. [8] most organizations 

rate their collection as conditionally up to inacceptable and wish corresponding changes. 

Aside from the collection process the second aspect of EA documentation is the appropriate visualization 

of the data collected comprising the creation of Enterprise Architecture models in order to capture as well 

as to communicate key functions and relations for stakeholders. A study conducted by the sebis (Software 

Engineering for Business Information Systems) chair at Technical University of Munich shows that the 

current used visualization mechanisms exhibit several insufficiencies which is due mainly to the fact 

models are created manually, whereby this practice is connected with a high time and cost intensity as 

well as the increase in errors and failures [9]. 

In an attempt to deal with these problems first approaches regarding automation are made in practice in 

both parts trying to circumvent the error-prone, cost-intensive and time-consuming processes. However, 

regarding the data collection this is predominately reduced to a few semi-automated activities and thus an 

interesting side phenomenon. In contrast, the automated visualization is further advanced. Within a large 

number of companies EA tools are in use whose visualization capabilities have made significant progress 

in recent years, from no support over mere drawing functionality to complex, configurable visualization 

processes [10]. Another tool-aided, automated process based on model transformation is proposed by 

Lankes et al. [11] and developed further in numerous works.  

From the organizations’ point of view the goal is obvious: a fully automated collection and visualization of 

EA data based on existing information sources. Due to their functionality Enterprise Service Bus systems 

(ESB) are particularly suitable, which according to Chappell “are standards-based integration platform that 

combines messaging, web services, data transformation and intelligent routing to reliably connect and 

coordinate the interaction” [12]. Metaphorically speaking, an Enterprise Service Bus can be seen as the 

nervous system of a company supporting and coordinating the interaction and communication between 

software applications, whereby above all knowledge about application systems, their interfaces, the 

possible communication relations and the information exchanged is available in a central location and 

does not have to be collected together from different areas of the company. 

1.2 RESEARCH QUESTION 

This thesis is concerned with the automated documentation of Enterprise Architectures and the support 

of decision-making using the information provided by an existing ESB system. As a concrete system SAP 

NetWeaver Process Integration (SAP PI) provided by the company SAP[13] is used. The overall target is to 

minimize the percentage of manual activities within the documentation which means the collection and 

visualization of EA data. Accordingly, the central research question which shall be answered is: 

To what extent is an automated and tool-aided approach for EA documentation using ESB as an information 

source possible? 

The answer will be based on the development of a concrete automated EA documentation process using 

SAP PI as an information source and the discussion of issues arising as well as limitations coming up. 

Therefore, a top down approach is followed and the research question is divided into three sets of sub 

questions along which this thesis is organized: 

1. What are the current problems concerning EA documentation and how can they be solved by an 

automated process? 

1.1 How is the documentation currently performed in practice and what are problems associated and the 

resulting limitations? 
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1.2 What are the requirements on an automated EA documentation process? 

1.3 What kind of process structure fulfils the requirements defined? 

The first point in answering the research question is to analyse current processes for EA documentation 

and to assess them in terms of deficiencies and their ability to deal with current as well as future trends. 

This aspects has already been touched in the Section before but will be investigated more clearly in 

following chapters. In order to address the second aspect – the ability of an automated process to deal 

with the problems – first it has to be investigated what an automated process looks like. Therefore it is 

desirable to give a conceptual overview about an automated process from a requirement as well as design 

perspective abstracting from details. 

2. To what extent can the Enterprise Architecture be gained in terms of information coverage and data 

quality using the data provided by an SAP PI system? 

2.1 Which information necessary for an EA documentation (general EA meta models as well as meta 

models for a specific decision problem) can be extracted from an SAP PI System? 

2.2 How good is the data quality and its effect on the models created? 

Having a schematic design of an automated process the next step is to get into details. What is of particular 

importance for the evaluation is the extent to which the EA information demand is covered by the 

information supply and in this context where inconsistencies exist. In addition, the quality of the 

underlying SAP PI data and its effect on the information gained considerably influences or better restricts 

the usability of the created EA models. 

3. What is the optimal visualization of the data collected in order to support the decision-making process 

in an optimal way? 

3.1 Which decision problems can be appropriately supported by the provided information (e.g. change 

management problems such as which applications/parties are affected by a change of a specific 

interface)? 

3.2 How can the information be visualized so that the defined decision problems are supported 

optimally? 

Meeting the information demand of stakeholders is not only achieved by providing the information 

needed but also by presenting them in a comprehensive way. Visualization can be seen as an efficient way 

of transferring large amount of information. Thereby, the problems which shall be addressed form the 

basis and accordingly the ones which can be supported by the information provided by the SAP PI system 

have to be identified. Probably, not all concerns can be covered. In the next step appropriate viewpoints (a 

set of conventions for constructing, interpreting and analysing a view) have to be developed. 

1.3 RESEARCH SCOPE 

Although this thesis touches several EA management functions such as documentation, analysis as well as 

planning the focus lies on the documentation of EA which includes the collection of data as well as their 

visualization. According to this consideration, maintenance activities are excluded which above all 

comprise the detection of changes and the propagation of them on a data base. Although they are taken 

into account within this work they are not further elaborated. Instead, the term “EA documentation“ can 

be expanded by the adjective “initial“ - initial EA Documentation – in order to highlight, that the 

documentation is performed without considering current EA data. 

1.4 RESEARCH METHOD 
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“Two paradigms characterize much of the research in the Information Systems discipline: behavioural 

science and design science. The behavioural science paradigm seeks to develop and verify theories that 

explain or predict human or organizational behaviour. The design science paradigm seeks to extend the 

boundaries of humankind and organizational capabilities by creating new and innovative artefacts.“[14] In 

this context IT artefacts are understood as constructs, methods and instantiations. Accordingly, a design 

research approach is followed within this thesis which has already been visible regarding the chosen way 

to answer the central research question and its division into sub questions. In order to ensure a successful 

use Hevner et al. [14] defines seven guidelines: 

1. The research has to produce a viable artefact which – as already mentioned – can be an 

instantiation, a construct or a method. Having the aim of developing and implementing an 

automated EA documentation process this guideline is fulfilled. 

2. The developed solution has to be relevant for an important business problem. This aspect has 

already been addressed in Section 1.1. 

3. The quality of the design artefact has to be demonstrated. In Chapter 0 an evaluation of the 

process proposed is performed by using practical data provided by a big textual manufacturer 

located in Germany. 

4. The work has to be viewed as an important contribution of the academic world. According to 

March et al. [15] the contribution lies in the novelty of the artefact. As the automation 

characteristic concerning the documentation of EA is a new research area in which only very few 

papers could have been identified (regarding the usage of an ESB system as an information source 

this thesis is the first one dealing with this idea so far) the process can be viewed as an important 

contribution to the academic world. 

5. Rigorous methods have to be used. This guideline is followed by applying the general design 

science methodology according to Vaishnavi et al. [16]. 

6. Design is considered as a search process and thus is inherently iterative in order to identify the 

best or optimal design. While an iterative strategy has been used in order to solve small problems, 

for instance regarding the implementation, on the thesis level only one iteration is performed. 

Therefore, at the end of the thesis (see Chapter 0) open as well as negative aspects are highlighted 

so that they can be addressed within a further iteration. 

7. The research has to be presented both to technology-oriented as well as management oriented 

audiences. Within this thesis several documents have been created addressing a diversified 

audience. 

Vaishnavi et al. [16] describe the general methodology of design research (see Figure 1) In their design 

science portal. It starts with the awareness of a problem which has already been addressed by the sections 

before highlighting the necessity of an automated process due the deficiencies of the high proportion of 

manual labour current approaches have. An attempt at making suggestions for a solution is performed 

next and in the third step is tried to be implemented. This stage is referred to as development. Finally, the 

implemented artefacts are evaluated and conclusions are made, which commonly forms the end of the 

design project. 

 

FIGURE 1: GENERAL METHODOLOGY OF DESIGN RESEARCH ACCORDING TO VAISHNAVI ET AL.  [16] 

Awareness of 
Problem 

Suggestion Development Evaluation Conclusion 
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1.5 OUTLINE AND MAJOR CONTRIBUTIONS 

The remainder of this thesis is structured as shown in Figure 2 which displays three swim-lanes related to 

each other. On the uppermost level the thesis' chapters are located and below its contribution to the 

overall objective – the development of an automated EA documentation process – is shown. Based on the 

initial consideration the process can already be sketched at this point. Having extracted the data from the 

SAP PI system they are transformed into an EA and in the follow-up visualized. Finally, the lowest level 

comprises the major contributions in the form of artefacts of each chapter. 
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FIGURE 2: MAJOR CONTRIBUTIONS OF THE THESIS SEPERATED BY CHAPTERS 

Chapter 2 is dedicated to provide a basis for a common understanding of the concepts and theories used 

within this work. Therefore, the theoretical background on the research areas Enterprise Service Bus as the 

information source, Enterprise Architecture as the context of the process and Software Cartography, a 

concept used for the visualization is outlined and the main terms are defined in order to achieve a shared 

understanding. 

Chapter 3 provides a conceptual overview of the current practice concerning EA documentation and 

discusses the need for a new approach using automation. Based on the findings an automated process is 

suggested and considered from a requirement as well as design perspective which is given concrete form 

in the following two Chapters. 

To what extent an ESB and especially SAP PI is appropriate to be used as an information source is 

analysed in Chapter 4, whereby this does not only take place conceptually but also an approach for an 

automatic generation of EA instances based on SAP PI data using model to model transformations is 

pointed out. 

Chapter 5 deals with the second aspect, the visualization of the data gathered. Therefore, in the first place 

it is investigated which problems can in principle be supported using the SAP PI data in order to infer 

appropriate viewpoints next. Finally, an automated visualization process using a visualization tool is 

proposed. 
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Within Chapter 6 two objectives are pursued. On the one hand the developed concept is presented by a 

practical example in order to give an idea how it is used in practice. On the other hand, the process is 

evaluated using clearly defined criteria.  

The thesis is finally concluded in Chapter 7 by discussing open questions and next steps. Analysing 

background information it has become clear that only very few papers exist dealing with the automated 

documentation in the area of Enterprise Architecture and, above all, no studies considering ESB as an 

information source could be identified to this day. Accordingly, it is also an aim of this thesis to open this 

research field up for further research.  
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2. DEFINITIONS AND THEMATIC CONTEXT 

The present Chapter gives an overview about the topical environment within which this works take place 

by introducing the relevant research areas Enterprise Service Bus (Section 2.1) as the information source, 

Enterprise Architecture (Section 2.2) as the context of the automated process and Software Cartography 

(Section 2.3) as a concept used for the visualization of the EA data. 

2.1 ENTERPRISE SERVICE BUS 

As part of the Service Oriented Architecture (SOA) trend the concept Enterprise Service Bus which is 

mostly the core of such architecture has become increasingly important in recent years [17]. Thereby it 

can be seen as the communication nerve centre for services in a SOA and thus comprises essential 

information about IT related elements and their interrelations within the company. However, in order to 

use an ESB as an information source it is of importance first to understand the main aspects (Subsection 

2.1.1) as well as second to investigate a concrete implementation and to analyse the available information 

supply. Thereby the tool SAP Process Integration (SAP PI), provided by SAP [13] , was chosen and will be 

presented in Subsection 2.1.2.  

2.1.1 GENERAL PERSPECTIVE 
On closer examination what is meant by ESB it becomes obvious that there is no uniform view, let alone a 

single definition. Consequently, in the following the term “Enterprise Service Bus”, its meaning and 

especially the general characteristics associated will be carefully analysed. A starting point is provided by 

the name:  

· Enterprise 

· Service 

· Bus 

Accordingly, an ESB is a bus-system providing services to be used within the company. A more elaborate 

definition is created by Schulte, an analyst at Gartner: 

“An Enterprise Service Bus (ESB) is a new architecture that exploits Web services, messaging middleware, 

intelligent routing, and transformation. ESBs act as a lightweight, ubiquitous integration backbone through 

which software services and application components flow.”[18] 
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According to Schulte, an ESB constitutes an architecture with the aim of integrating software services and 

application components based on specific technologies such as web service, message oriented 

middleware, intelligent routing and transformations. Aspects regarding the technological realization e.g. a 

concrete architecture are neglected. In contrast, Chappell [12] investigates this topic more concretely in 

his book “Enterprise Service Bus” dealing with both the essential characteristics/attributes of an ESB and 

its realization. Thereby, on the first page the following definition can be found: 

“An ESB is a standards-based integration platform that combines messaging, web services, data 

transformation, and intelligent routing to reliably connect and coordinate the interaction of significant 

numbers of diverse applications across extended enterprises with transactional integrity.“ [12] 

An ESB is not understood as an architecture but as a product/platform coordinating the interaction across 

the extended enterprise. Analogous to Schulte, Chappell mentions the basis technologies web service, 

intelligent routing as well as data transformation. On another page, Chappell changes his view on ESB and 

speaks of a concept: 

“ESB is a new approach to integration that can provide the underpinnings loosely coupled, highly, distributed 

integration network that can scale beyond the limits if a hub-and-spoke EAI broker“ [12]. 

As the delineation of both views does not provide significant added value here it should be by just the 

mentioning. However, of particular importance is the specification of the characteristics as well as tasks of 

an ESB giving first indications on the extractable data: 

Characteristics Description 

Pervasiveness An ESB can be the core of a pervasive grid, which is not only within the 

enterprise but also beyond (external artifacts such as customers, 

suppliers, etc.). Thereby applications can be plugged into the bus as 

needed and thus interact with other applications and services. In order 

to achieve such connectivity multiple protocols, messaging 

environments as well as numerous adapters have to be 

supported/provided by the ESB. 

Standards-based Integration In order to meet the before mentioned integration requirements ESB 

pursue the fundamental strategy concept of achieving integration 

through standards which ranges from java based standards such as 

JMS, Microsoft standards such as JCA to data formats like XML. 

Highly Distributed Integration 

and Selective Deployment 

An ESB has to ensure the cooperation and interaction within a highly 

distributed network. This comprises above all that the services can be 

independently distributed as well as scaled.  

Distributed Data 

Transformation 

Due to the different data format used by the applications connected 

with the ESB the provision of appropriate services for the conversions 

between the various data formats has to be provided. 

Extensibility Through Layered 

Services 

In order to fulfil the requirements of adapting the ESB in order to 

handle more specific uses layered services has to be possible. 

Examples of this are among others business process management in 

order to manage the workflow related business processes, 

collaboration server to provide special services to the business 

partners as well as transformation routines for the support of external 



Definitions and Thematic Context 

9 
 

data formats. 

Event-Driven According to Chappell [12] within the scope of an ESB applications as 

well as services are viewed as abstract end points reacting to 

asynchronous events. They abstract from underlying connectivity as 

well as plumbing and simply receive a message as an event and 

process it without understanding the protocols used. 

Process Flow The support of processes flows can range from simple services 

sequences to the implementation of complex business processes with 

parallel process execution paths. Thereby the main challenge is the 

realization of a highly distributed business process orchestration 

without a central controlling component.  

Security and Reliability In order to support the security as well as the reliability needed 

various methods are available. This includes for instance 

authentications mechanisms, firewalls as well as high performance 

MOMs in order to achieve the reliability demanded. 

Autonomous but Federated 

Environment 

Due to the target to realize a loose coupling as well as to support a 

highly distributed environment it does not make sense for each 

resource to be managed by a centralized component. Instead, local 

business parts and domains need to have control over the local IT 

resources. This comprises for instance the installation, configuration 

as well as the management of local components, adapters and the 

communication. Nevertheless, the business domains are linked to one 

another. Therefore, the federated characteristic is achieved through 

the ability of the ESB to selectively cross domains’ boundaries. 

Remote Configuration and 

Management 

Despite the federated and autonomous characteristics it is not 

practical to have local IT staff at each location. Accordingly, the 

provision of a remote management of the ESB is a key success factor. 

XML as the “Native” Data type 

of the ESB 

Due to the various numbers of data formats produced as well as 

consummated by the underlying applications XML can be seen as an 

ideal fundament for a unified data representation within the scope of 

an ESB. The usage of XML is the source of many benefits such as among 

others the combination of data, expand messages, transform or 

redirect messages [12]. 

Real-Time Throughput of 

Business Data 

The Real Time throughput pursues the target to reduce latency time 

regarding the communication between the applications and services.  

Operational Awareness Operational awareness is understood as the ability to gain a deep 

insight into the state and health of business operations by analysing 

the data exchanged. Mechanisms offering the possibility to report and 

track data flows across an organization should be a base part of an ESB 

allowing monitoring the health of the data flows and thus business 

processes. 

Incremental Adoption An important aspect inferred from the autonomous and federation 

aspect is the ability of an ESB to support incremental adaptions and 
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expansions instead of being an all-or-nothing proposition.  

TABLE 1: CHARACTERISTICS OF AN ESB ACCORDING TO CHAPPELL [8] 

In contrast to the definitions before within a publication of Forrester evaluating Enterprise Service Bus 

vendors an ESB is not meant as architecture or as a concept but as the tool [19]. What is of particular 

interest is the detailed list of the capabilities which highly overlaps with the ones mentioned by Chappell 

[12]: 

Characteristics Description 

Support of multiple protocols In order to support the integration of a wide range of applications the 

ESB has to support multiple protocols e.g. web services, REST and 

other protocols. 

Protocol conversion Based on the capability to support different protocols the ability to 

transform the request defined in one protocol to the protocol 

demanded by the target end point can be derived. 

Data transformation and data 

based Routing 

An ESB has to provide the capability to on the one hand convert 

between different data formats and on the other hand to use the data 

exchanged to make routing decisions along the way. 

Support of multiple 

connectivity options 

In order to achieve a company-wide and beyond interaction the 

connection of multiple systems of the organizational infrastructure has 

to be supported. This ranges from databases, over messaging systems 

and management tools to infrastructural components. 

Support of composite services 

through lightweight 

orchestration 

Lightweight orchestration is understood as the linkage of different 

services into a composite service, whereby in contrast to process 

orchestration using BPEL the attribute lightweight highlights the 

lower complexity and expressiveness power. For instance, lightweight 

orchestration is stateless and short-lived. 

Integrated Security Features ESP comprises different security mechanisms for instance integration 

using security directories and operating security features to support 

authentication and authorization. 

A comprehensive error 

handling mechanism 

The ESB has to support appropriate error handling mechanisms in 

order to identify, to monitor and to fix errors arose. 

Highly available and scalable 

infrastructure 

In order to achieve a high availability ESB, software as well as 

hardware clustering are used. Commonly, an ESB system supports 

horizontal scalability (e.g. applications can be plugged into the bus) 

and in some cases even vertical scalability (expansion of the 

functionality by new services e.g. new routing routines). 

TABLE 2: CHARACTERISTICS OF AN ESB ACCORDING TO FORRESTER [19] 

At the end of the initial considerations the question arises, how ESB is defined within the scope of this 

thesis. The foregoing investigations have shown that one main difference of the multiple views lies in the 

fact, whether the bus is viewed as an architecture or as a concrete implementation. As this duality is not of 

importance for the present thesis in the following both views are allowed, tool as well as architecture. 

Concerning the tasks, the authors broadly agree: essentially it is about the interaction of services and 
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applications within a company. For the purpose of this work, the analysis of the Enterprise Architecture 

information which can be derived based on an ESB, the characteristics regarding capabilities and 

attributes are of interest. They provide first clues on possible information sources and extractable data. 

Based on the detailed definition of Chappell [12] as well as on the technical report of Forrester [19] the 

following are identified and thus the basis for further considerations: 

· Standards-based integration and communication 

· Data transformation 

· Routing 

· Support of orchestration 

· Security handling 

· Configuration and management of services 

· Scalability 

· Expandability 

· Support of processes 

2.1.2 SAP NETWEAVER PROCESS INTEGRATION AS AN ENTERPRISE SERVICE BUS 

IMPLEMENTATION 
A concrete ESB implementation fulfilling the before mentioned characteristics provided by SAP is called 

SAP NetWeaver Process Integration (SAP PI) which was formerly SAP Exchange Infrastructure (SAP XI) 

[20]. The tool is built upon the SAP Web Application Server and is made up of various components shown 

in Figure 3. A detailed description of them is given below. 

 

FIGURE 3: ARCHITECTURE OF SAP NETWEAVER PROCESS INTEGRATION [20] 

System Landscape Directory 

According to the official documentation, the System Landscape Directory is the central information 

repository for the system landscape [21]. It is the place where the software components and hardware 

components as well as their dependencies such as installations within the company are specified.  

Enterprise Service Repository 
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The Enterprise Service Repository includes all information to describe the interaction between the service 

providers as well as service users. This includes the definition of service interfaces, message types, data 

types as well as message mappings to specify the transformation between different data formats. More 

over the SAP PI allows the creation of process flows using BPEL. It has to be highlighted that all the 

elements are independent from concrete receivers and sender, whereby the link is established in the 

Integration Builder. 

Integration Builder 

Within the Integration Builder, the configuration at run time takes place which means the elements of the 

Enterprise Service Repository are supplemented by data of the concrete system landscape. This includes 

the maintenance of the communication channels as well as the definition of the rules guiding the messages 

from the source to the target. 

Runtime Workbench 

The runtime workbench puts in place various tools which are especially suitable for the process and 

failure analysis: 

· Component Monitoring offers the possibility to check the connection to networked systems. 

· Message Monitoring provides access to all System processing messages.  

· Using End-to-End Monitoring the way of a specific message can be monitored. 

· Alter Configuration informs about failures during the message processing. 

Integration Server 

The integration server is the central component of SAP PI processing the incoming messages from the 

sender applications, applying routing and mapping rules to them and finally forward them to the target 

system. 

Design, Configuration and Runtime 

The process of creating a communication relation is comprised of three steps: Design, Configuration and 

Runtime [20]. First the design objects are defined in the System landscape Directory (e.g. software 

components, products) as well as in the Enterprise Service Builder (e.g. service interface, data type). The 

collection of this information is independent of the concrete system landscape. This configuration takes 

place within the Integration Builder by determining the actual communication components as well as 

specifying the routing rules. Having created all configuration objects the execution can start. Thereby, 

messages are sent to the Integration Server, evaluated and forwarded to the receiver. In order to monitor 

the message flows runtime workbench can be used. 

2.2 ENTERPRISE ARCHITECTURE 

Enterprise Architecture has gained in importance substantially during the last years and is meanwhile 

ranked as one the most important issued considered by CEO’s and CIO’s in recent studies [3]. Thereby, the 

question arose whether it is only a temporary appearance – EAM a buzz word? Zachman – one leading 

representative of the EAM movement - denies this and admit the topic to have a sustainable future. 

“In the 21st century, Enterprise Architecture will be the defining factor – the factor that separates the 

winners from the losers”. (John A. Zachman) 

In the following, first, it will be discussed generally what is meant by the term Enterprise Architecture 

(Subsection Fehler! Verweisquelle konnte nicht gefunden werden.) in this work and second selected 
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EA frameworks (Subsection 2.2.2) will be investigated more clearly playing an important role in the 

following chapters. 

2.2.1 OVERVIEW AND DEFINITION 
An examination of literature reveals that a huge number of definitions exist trying to describe what 

Enterprise Architecture is, what it includes and especially what the targets pursued are [22], [23], [24], 

[25], [26]. Thereby, two directions can be distinguished: definitions in practice[22] and academic 

definitions [23]. 

The present thesis is based on the widely-accepted architecture definition according to ANSI/IEEE Std. 

1471-2000: 

“Architecture is the fundamental organization of a system, embodied in its components, their relationships to 

each other and the environment, and the principles governing its design and evolution”[27]. 

Applied to the Enterprise Architecture context EA can be understood as (1) the fundamental organization 

of both an entire enterprise, encompassing all of its information systems, and a specific domain within the 

organization as well as (2) the principles governing its design and evolution [25]. In contrast to other 

architecture concepts, which are only focused on IT related artefacts such as IT platforms, software 

components and applications, EA includes also business relevant elements such as organizational goals, 

business processes and information about the market[28].  

EA models pursue three main objectives: (1) documentation of current enterprise structure covering IT as 

well as business aspects, (2) analysis of elements and dependencies as well as (3) planning of the 

company’s structure and deriving of transformations and projects to achieve the target EA[29]. The 

creation and maintenance of the models is associated with numerous costs which are offset by the benefit 

to meet the information demand of the stakeholders. Within the scope of the analyses the EA models 

created are investigated and conclusions regarding decision making processes are made e.g. the 

introduction of a new information system and changes in the technical environment in order to support 

the business in a better way. The related transparency gain due to the presentation of business as well as 

IT aspects and their relationship is also the primary benefit to the planning processes dealing with the 

definition and comparison of future scenarios and the derivation of appropriate actions to achieve the 

desired state [30]. 

2.2.2 ENTERPRISE ARCHITECTURE FRAMEWORKS 
Guidance on the introduction as well as usage of EA is provided by numerous EA frameworks developed in 

practice or in the academic research (such as Zachman Framework, TOGAF, IAF, FEAF, DoDAF), whereby a 

detailed comparison can be found in [22] and [3]. Commonly, the following components are included [25]: 

· One or more information-model(s) for the EA description: An EA information model is defined as 

“a model which specifies which information about the enterprise architecture, its elements and their 

relationships should be documented, and how the respective information should be structured.” [11] 

Normally, the model can be defined using a language suitable for conceptual modelling such as 

UML expanded by detailed information on the concepts. In contrast, within this work data model 

is defined as “a representation of the properties of the data within an existing or proposed system” 

[31]. Similar to an information model it can also be seen as a meta model describing elements and 

relationships with the difference that no context is considered e.g. an enterprise. 

· One or more method(s) for EA design and evolution 

· A uniform vocabulary for EA 

· In some cases even reference models that can be used as templates or blueprints for EA design 

and evolution 
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Frequently the frameworks are not restricted to one branch but are kept as general as possible in order to 

be appropriate for the greatest possible number of companies. Consequently, the components cannot be 

used directly but have to be adapted to the company specific characteristics.  

Due to the high number of entities and artefacts the frameworks comprise commonly several layers 

standing in relationship to one another. In general, a top down approach is followed, starting with the 

specification of the business strategy over the derivation of business processes, organizational structures 

and other business related artefacts to the determination of information system supporting the business 

[28].  

According to Fischer et al. [32] most frameworks differentiate the following EA layers: 

- Business Architecture: The business architecture represents information about the company from the 

business strategy perspective. This includes e.g. data about the target markets, customers, products 

offered as well as services.  

- Process architecture: The process architecture represents the development and distribution of 

services regarding the enterprise context. Typical elements which are placed on this layer are 

business processes, organizational units and information flows. 

- Integration architecture: The integration architecture comprises the fundamental organization of the 

information systems and forms the link of IT to business. This includes e.g. enterprise services, 

application cluster, integration systems and data flows.  

- Software architecture: Applications and artefacts associated are at the core of the software layer such 

as data objects and software services. 

- Technology (or infrastructure) architecture: The technology (or infrastructure) architecture deals with 

the organization of computing/telecommunications hardware as well as networks to support the 

software architecture layer. 

In the subsections below, two EA frameworks which play an important role within this work will be 

reviewed on detail. 

ArchiMate 

ArchiMate is an approach encompassing the description, analysis and visualization of the main elements 

and their interrelation of a company’s Enterprise Architecture[33] which was developed in corporation 

with several Dutch companies and governmental institutions. In 2009 it was released as an official 

standard by the Open Group. The elements can be placed into a two dimensional matrix: concepts 

(structural, behavioural, informative) and layers (business, application, technology) [25]. 

ArchiMate offers a three layered view: 

- Business layer: On the business layer, products and services are defined which are offered to external 

customers and internally realized by business processes and business functions. 

- Application layer: On centerstage of the application layer there are the application, the services 

provided to the business and related artefacts such as interfaces and data types. 

- Technology layer: The technology layer comprises the organization’s infrastructure and the services 

offered in order to support the application layer best. 

The elements of each layer are categorized in three concepts: 

- Structural concepts: The structural elements refer to the static structure on each layer including 

elements performing behaviour e.g. business actors and Application components. 

- Behavioural concepts: The behavioural aspects describe the behaviour on each layer and are assigned 

to the structural elements in order to show who or what is able to perform the action. For instance in 



Definitions and Thematic Context 

15 
 

the business layer, business processes, business services and business interactions (behavioural 

concepts) are assigned to the structural elements roles, interfaces and collaborations. Regarding the 

fact whether the behaviour is exposed to the environment a distinction between an external and 

internal view is made. The latter comprises elements describing behaviour provided to external 

elements (environment) e.g. business services, while the later refers to the internal realization e.g. 

business process and business functions realizing the services offered. 

- Informative concepts: In contrast to the structural entities performing behaviour and thus are also 

called active elements, informative elements are passive and manipulated by behaviour. An example 

in the business layer is a business object.  

CySeMoL 

In contrast to ArchiMate comprising only aggregated information on a high abstraction level within and 

across the layers of the enterprise which is conform with the general view on the EA information content 

[34], CySeMoL is focused on the specific goal to support decision makers in the area of IT security [26]. 

Therefore an abstract Probabilistic Relational Model is proposed which includes ,on the one hand, a set of 

abstract classes, attributes and interrelations (see Figure 4) and, on the other hand, a Bayesian network 

describing the probabilistic relations between the attributes [26]. However, the attributes as well as the 

probabilistic relations are not of importance for this work and thus suffice it to say here. 
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FIGURE 4: ABSTRACT CYSEMOL INFORMATION MODEL [25] 

A threat agent is used to model a single person or a group which is able to manifest a threat. His objective 

is to abuse and/or damage assets. A threat consists of one or more attack steps describing a concrete 

action in order to tackle an asset. Measures to reduce risks are expresses by countermeasures, whereby 

five subclasses are defined: 
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- PreventiveCountermeasure (e.g. firewall) 

- DetectiveCountermeasure (e.g. intrusion detection system),  

- ReactiveCountermeasure (e.g. incident handling),  

- ContingencyCountermeasure (e.g. backups)  

- AccountabilityCountermeasure (e.g. logging). 

2.3 SOFTWARE CARTOGRAPHY 

In cooperation with various companies within a project conducted by the SEBIS chair located at Technical 

University Munich the existing techniques for the description of application landscapes and the 

requirements on such documentations in practice were analysed [35]. Based on the findings the concept 

of software cartography for the visualization of EA models has been developed using methods and 

experiences from cartography. In 2.3.1 the general idea behind is introduced and in 2.3.2 the basic 

terminology standardizing key terms is presented. Finally, the approach for an tool-aided, automated 

generation of software maps proposed by Lankes et al. [36] is addressed. 

2.3.1 OVERVIEW AND DEFINITION 
The cartography distinguishes two types of maps: topographic und thematic. While the former supplies a 

general image of the earth's surface such as rivers the latter shows a specific subject on a topographic map 

e.g. climate or human characteristics for instance health issues [37]. Applied to the EA context this means 

the modelling and visualization of Enterprise Architecture’s aspects using thematic maps, called software 

maps. The overall objective is the improvement of the documentation, communication and assessment of 

the models [9].  

The advantage here is that some visualization mechanisms of the cartography are rather easier to 

understand from the stakeholders’ perspective compared to the diagram types and elements introduced 

by e.g. UML. An example is the legend used in order to describe the meaning of the elements, attributes 

and especially their positioning as the maps can follow different rules and associate different semantics 

with symbols. As most of the people know a legend it has a high recognition value even though it is used in 

a different context, describing the meaning of symbols and visualization rules of Enterprise Architecture’s 

representations.  

An important visualization aspect within the Software Cartography is the positioning of elements on the 

base map which yields to the differentiation of different software map types. The research project 

identifies three base maps[38]: 

- Cluster map: The cluster map uses the nesting principle in order to show how the elements are 

grouped into larger logical units. 

- Cartesian map: Within a Cartesian map the elements are positioned along two axes. The most well-

known representatives are the process support map as well as the interval map. The first one shows 

the relationship between process elements placed on one axis and entities and/or characteristics on 

the other axis. For example it can be used to display the applications (x-axis) supporting the business 

processes (x-axis). In contrast, on an interval map temporal aspects are visualized. Thereby one axis 

represents time periods while the other shows entities or characteristics whose progress over time is 

of interest. An example is the visualization of the life cycle of applications and the answer to questions 

e.g. regarding the replacement date.  

- Graph layout map: In contrast to the before mentioned map types within graph layout maps the 

position of elements contains no explicit information. For instance, they can be placed in order to 

pursue the objective of minimizing the number of crossing edges. 

A more in-depth analysis of the software map‘s structure can be found in [38] proposing a layer 

architecture shown in Figure 5. The base map represents the lowest layer displaying e.g. organizational 
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entities. On the first layer applications are visualized, relationships/associations on the second layer and 

finally on the third layer measures are presented. Thereby each layer has a reference layer, the elements 

are related to. 

 

 

FIGURE 5: LAYERED ARCHITECTURE OF A SOFTWARE MAP ACCORDING TO [37] 

2.3.2 THE BASIC TERMINOLOGY 
An essential precondition for the description of application landscapes is the usage of a uniform 

terminology. Such standardization can be found in IEEE 1471, whereby the definition of key concepts and 

terms is specified as far as a consolidation was possible [39]. Basically, IEEE 1471 deals with software 

intensive systems including systems where software has an essential influence on the design, construction 

and the evolution[27]. According to this view this also applies to application landscapes. 

Analysing the terminology of IEEE 1471 concerning the suitability for the concept software cartography 

Wittenburg highlights the necessity to adapt the conceptual models, whereby it is pointed out that it is 

less a change but more an expansion of the underlying theory [38]. An overview about the terms, their 

interrelations and especially the additional refinements (visually marked) made are shown in Figure 6. In 

the following the model is investigated more clearly. For detailed information it is referred to Wittenburg 

[38]. 

Stakeholders which mean single persons, teams or organizations having specific concerns are the basis for 

the documentation/modelling. Lankes et al. [40] extend the abstract concern (e.g. a specific process shall 

only be supported by fail-safe applications) by the entity question which means questions arising from the 

concerns and providing the possibility to create or select different views answering specific/selected 

questions in order to address individual or various concerns. 

The satisfaction of concerns is made by the representation of specific aspects of the system (views). A 

view can be composed of more than one model which is based on a method including notations defined by 

the viewpoint. Thereby the modeller is responsible for the creation of the models, whereby information 

provided by the information provider in the form of information objects is used. 

A specialization of the entity model is the software map. As already mentioned, there can be a number of 

layers the information can be organized to reduce complexity. A distinction is made between the base map 

and the upper layers. 

The construction as well as the usage of views is specified by viewpoints oriented on the stakeholders’ 

concerns. Accordingly, the relationship between a viewpoint and a view is the same as that between a 

class and an object so that the definition is separated from the concrete representation. Views and models 

form the architecture description including all the relevant information in order to meet the stakeholders’ 

demand. The reasons for the selection of the architectural description and the objectives pursued by the 

architecture are described by the entity rational.  
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As it makes sense to reuse the definition of some viewpoints for other architectural descriptions the 

concept of Library Viewpoint was introduced modelling reusable viewpoint definitions which for instance 

are taken from literature. It may also be envisaged that the general viewpoint definitions are adapted to 

the project specific circumstances so that a library viewpoint is converted into a viewpoint. 

Environment covers the external elements having an influence on the system for instance via interactions. 

Accordingly, environment specifies the border of the system modelled. The mission describes the 

intended purpose of the system from the stakeholders’ perspective.  

A point of criticism made by Wittenburg [38] is the mixture between two meta levels. In addition to 

viewpoints the meta model also includes their ontological instantiation, view. Regarding the concept model 

representing a part of a view and created using the methods of the corresponding viewpoints, such a 

pendant is not defined. Wittenburg proposes to introduce the modelling languages specified by the 

viewpoints as objects so that each model is described by usage of one modelling language and a viewpoint 

uses one or more modelling languages. Furthermore, the “one to one” relationship between viewpoint and 

view proposed by IEEE is replaced by a “1 to many” relationship. The reason is that the justification by 

IEEE to avoid redundancy contradicts the dynamic in software systems. There is a continuous 

development requiring versioning mechanisms which are not provided for by IEEE. 

 

FIGURE 6: REFINEMENT OF THE CONCEPTUAL MODEL DEFINED BY IEEE 1471 [37] 

2.3.3 GENERATION OF SOFTWARE MAPS USING MODEL TRANSFORMATION 
In order to avoid error-prone and time-consuming processes for the manual creation of visualizations, 

recent years have seen numerous and considerable efforts with the aim of developing an automated 

generation of EA models. This is reflected clearly in the development of the EA tools, which – in some 

cases – have been expanded by complex visualization functionalities [41]. Instead of offering simple 

drawing functionality such as the provision of a base the elements have to be positioned manually on, 

some tools give the opportunity for a model-driven generation. For instance, regarding planningIT 
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predefined templates can be configured using XML and queries in order to adapt the presentation forms to 

its own needs. While this is of advantage for the usage of known structures e.g. a layered graph turns out 

to be lacking flexibility concerning new forms of visualization. In addition, similar to other tools it is 

restricted to an underlying meta model. Even though it can be adapted formally this involves a manifestly 

disproportionate effort. In contrast, companies prefer using customized information models which is 

shown by the examples ArchiMate as well as CySeMoL. Both frameworks do not attempt to be complete 

but implicitly require as adaption.  

Another approach using model transformation and distinguishing between a model describing the 

application landscape and a model including the visualization is proposed in Lankes et al. [42] Model 

transformation is understood as a mean to produce target models from source models using defined rules. 

As already mentioned software maps represent nothing but models. The overall objective is to ensure 

consistency between the underlying data describing the Enterprise Architecture and the visualizations. In 

recent years the concepts was prototypical implemented by Schweda [43] and changed as well as 

expanded several times, whereby the current conceptual structure of the approach is shown in  

Viewpoint

VBB

Data model View data model

Information 

model
View model

Visualization 

model

Symbolic model

Abstract

view model

Abstract 

visualization 

model

query transformation

Abstract 

information 

model

 

FIGURE 7: CONCEPTUAL FRAMEWORK FOR THE GENERATION OF WEB-BASED VISUALIZATIONS [10] 

Data Model, Information Model and Abstract Information Model – the left side 

The left side deals with the description of the content specifying the EA on different abstraction levels 

which is inspired by the layer model of MOF. The basis is an abstract information model representing a 

collection of templates which are independent of a concrete context. In contrast the information model 

can be seen as an instance of the abstracted information model adapted to the existing needs for instance 

specified by the branch or organization it is used in. Finally, the data model comprises the concrete data 

and follows the guidelines defined by the information model. In contrast to the previous definition of data 

model representing a meta model, in the present case it is used to describe real-world objects. In order to 

distinct both concepts in the following the former is called data model while the latter is called EA data 

model.  

Symbolic model, visualization model and abstract visualization model – the right side 

In contrast, the description of the visualization takes place on the right side, whereby analogous to the left 

side different abstraction layers are distinguished. The basis is the abstract visualization model describing 

complex visualization structures independently from a concrete context. The visualization model includes 
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a variety of visual primitives defined the abstract visualization model and expands them by specific 

context information for instance resulting from the needs of an organization. Finally the rendered symbols 

are described by the symbolic map. 

Transformation  

In recent years, the transformation of data models to symbolic models has been realized using a variety of 

technologies. Within a first prototypical implementation Java, a widespread basis programming language, 

is taken. Thereby, opposing the advantage of a high expressiveness is the low abstraction level. In the next 

step, Wiegelmann [44] uses a dedicated transformation language, Atlas Transformation Language (ATL), 

giving the possibility to directly implement the transformation rules abstracting from underlying details. 

Another increase in abstraction is achieved by Ramacher [45] who developed a domain specific language, 

called Viewpoint Definition Language, whereby the transformation rules are composed of predefined 

components. The implementation capability was proven by an introspective, model driven software 

engineering. An alternative VDL is proposed by Achenbach using a net like structure consisting of 

elementary transformation components and edges representing input/output operations in order to 

configure viewpoints [46]. 
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3. CURRENT STATUS AND NEW CONCEPT 

The present chapter provides a conceptual overview of the current practice concerning Enterprise 

Architecture (EA) documentation including the data collection as well as their visualization. In this context 

common problems which companies face are shown and discussed (see section 3.1) as well as a need for a 

new approach based on an (partly) automated process is derived (section 3.2). Thereby the corresponding 

benefits and constraints are identified (see section 3.3.1), the requirements are specified (see section 

3.3.2) and a process description from the design perspective is given (see section 3.3.3) fulfilling the 

requirements defined. 

3.1 CURRENT PRACTICE & PROBLEMS 

In recent years, Enterprise Architecture Management (EAM) has established as a recognized practice for 

holistic and consistent management of IT as well as business aspects of organizations which should be 

taken into account in order to achieve the goals defined [4]. Several studies shows that from the 

perspective of CIOs as well as CEOs it is considered as one of the most important issues [3] today. The 

supported areas range inter alia from product planning through Business development to IT development 
[47]. The focus here among others is the task of “describing and controlling an organizations’ structure, 

processes, application systems and technology” [4] in a way so that decision makers as well as 

implementation engineers are supported in an appropriate way. Thus EAM facilitates decision making 

processes by providing the stakeholders with a holistic view leading to a better decision-making in 

practice [2].  

To ensure that the usage of EA symbolic models is useful from the companies’ perspective the data have to 

fulfil several quality requirements determining the applicable and suitability. For instance, if the EA data 

have become out-of-date and as a consequence are not representative for the real world, wrong 

conclusions will be drawn by the stakeholders, which results in inappropriate decisions according to the 

circumstances. A survey conducted by the Institute of Computer Science at University of Innsbruck in 

cooperation with the iteratec GmbH [48] in which more than 43 companies were asked shows that the 

following are of particular interest: correct granularity (right level of abstraction), consistency (lack of 

errors and contradictions), actuality (data are up-to-date) and completeness (all the desired information 

is covered)[8]. Unfortunately, in practice, the information volume tends to become more and more 

extensive especially as a result of the extending scope on the business as well as on the IT side [5], in 

particular large firms face a multitude of elements and complex relationships among them. At the same 
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time it has to be ensured that the data are up-to-date and aligned with the real world. This, in turn, is 

enhanced by the increasing requirements on the companies’ agility due to shorter product and market 

cycles and declining accuracy of forecast [6], leading to the necessity to make faster decisions in order to 

react quickly to changed market demands. From the EA perspective this means that a constant 

transparency and in this context appropriate documentation mechanisms are needed identifying as well 

as propagating changes and thus keeping the quality of the data high. While the quality of the data does 

not need to be perfect in every sense of the attributes mentioned before, it will still, nonetheless, be 

necessary to surpass a certain benchmark to be worthy of utilization. In this sense, appropriate EA 

documentation processes are at the core of rational decision approaches using Enterprise Architectures. 

As the consequence the question arises whether current concepts can cope with the actual and future 

situation in practice mentioned before in an appropriate way and, if not, where the problems lie. 

Particular importance is placed on the data collection processes including preparing, collecting and 

maintaining data in accordance with the guidelines of the EA, whereby depending on the information 

model this includes for instance applications, interfaces, business process and/or business services. As the 

data are normally scattered throughout the organization, due to the holistic aspect, they have to be 

gathered from the different parts. With respect to the collection a distinction between different ways can 

be made: a central approach, in which the collection is done solely by the EA department, a decentral 

approach wherein the responsibility lies locally with the respective divisions and a hybrid one combining 

both [7]. However, according to a study conducted by Winter et al. in 2010 [7] the collection and 

maintenance of the data are characterized by a high degree of manual work with a small amount of 

automation. This is underpinned by the fact that current EA Tools such as planning IT [49] and Iteraplan 

[48] are - contrary to earlier expectations – largely independent of companies’ structures and processes 

and therefore rely on manual input [8]. The problems resulting from the high degree of manuality can be 

divided into two parts given as below: 

Immediate problems associated with the data collection process 

- This category includes problems/negative aspects associated with EA data collection processes and 

their results caused by a high degree of manuality. The high information volume of Enterprise 

Architecture causing large models especially in big companies make the manual activities time-

consuming as well as cost-intensive[8]. At the same time, the increasing volatility of the markets 

requires the organizations to have current data, at ever-shorter times. Based on the symptoms the 

unsuitability of the processes used becomes obvious. For instance, within a survey Farwick et al. [8] 

most organizations stated a mismatch between desired and wanted information coverage. 

Furthermore, it is not only important to meet the EA information demand but also to achieve and keep 

a high quality. Especially with a high information volume there is a high risk of having incorrect or 

missing information by usage of manual activates. 

Indirect problems caused by insufficient EA documentation processes 

- This category includes all those problems being the result of insufficient EA data collection processes 

and the consequences involved. The resulting incomplete, faulty and low quality EA data models lead 

to wrong assumptions of stakeholders and thus in turn to wrong conclusions regarding the reality and 

the company’s current situation so that without any additional information it will not be possible to 

make appropriate decisions.  

Based on these considerations it becomes obvious that the manual data collection is incapable of coping 

with the changing requirements. Most companies asked within the study conducted by Farwick et al.[8] 

rate their collection processes as conditionally up to inacceptable and wish corresponding changes. To 

counter this, first attempts are being made to automate the processes [7] trying to circumvent the error-
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prone, cost-intensive and time-consuming manual tasks of gathering EA data. At present this is 

predominantly still reduced to a few semi-automated activities and thus an interesting side phenomenon. 

Indeed, several Enterprise Architecture Framework Management Processes such as The Open Group 

Architecture Framework (TOGAF) [25], The Integrated Architecture Framework [50] and Enterprise 

Architecture Planning (EAP) [24] exist they do not help in the situation given. Thereby the high number of 

methods and approaches can be seen as an indicator that this research area is still immature [51], which is 

also reflected in the descriptions of tasks to collect and maintain EA data. While normally the data needed 

is clearly specified, possibilities to collect and maintain them are largely abstracted from and are basically 

left to the companies themselves [7]. Only a very few approaches deal with the identification, collection 

and maintenance of EA data, whereby according to Buckl et al. [51] they do not detail on how to acquire 

and incorporate knowledge from other sources. 

While almost all frameworks neglect maintenance procedures for EA data models in detail [8] e.g. within 

the scope of TOGAF this aspect is reduced to some kind of monitoring, some approaches discuss and 

recommend tasks and guidelines for documenting the status quo at a high abstraction level, whereby they 

might be more accurately described as hints/advices than as concrete descriptions of tasks and activities. 

For instance, TOGAF suggests using existing architecture definition as a start point and if necessary 

updated and verified. In the case that such descriptions do not exist only the statement is given that the 

data have to be gathered in “whatever format comes to hand” [25]. Even though such documents are 

available, there is not a word on how to transform them into information on Enterprise Architecture level. 

IAF having developed by Capgemini since the 1990s provides causal dependences between EA objects 

serving as a guideline to identify elements [50]. 

Aside from collecting and maintaining data, the second essential aspect of EA documentation within this 

work is their visualization which comprises the creation of EA symbolic models considering different 

aspects of the enterprise. The prime purpose of these modelling efforts is to capture as well as to 

communicate key functions and key relations to stakeholders [4]. This entails requirements for the design 

such as legibility and clarity as well as for the information content (up-to-data, consistent, etc.) [3]. 

Otherwise, it does not bring addedd value. 

A study conducted by the SEBIS (Software Engineering for Business Information Systems) chair at 

Technical University of Munich shows that even though companies are facing a large amount of 

information and high qualitative requirements symbolic models are still mostly created manually in time 

consuming, cost intensive and error prone processes [11]. Due to the growing amount of information 

leading to more and more complex business as well as IT landscapes, it is questionable whether such 

approaches are able to cope with the changing requirements in the future while at the same time ensuring 

high-quality and consistency.  

As a consequence first attempts to automate the visualization process are made. Within a large number of 

companies EA tools are in use whose visualization capabilities have made significant progress in recent 

years, from no support trough mere drawing functionality to complex, configurable visualization 

processes. According to a research study by Gartner this includes in particular planningIT [49] and EVA 

Netmodeler [52] which strongly focus on modelling aspects and therefore significant presentation 

capabilities and deliverables [41]. Nevertheless, they have still some weaknesses. Commonly, such tools 

are restricted to an underlying information model. Even though it can be adapted formally this involves a 

manifestly disproportionate effort. At the same time, changes to the information model require 

adjustments of the associated visualization processes. In contrast, companies prefer using customized 

information models which is shown by the examples ArchiMate as well as CySeMoL. Both frameworks do 

not attempt to be complete but implicitly require as adaption. 
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Another object-oriented approach is followed by Lankes et al. [36] based on model transformation and a 

distinction between information on the one side about the application landscape and on the other side 

about the visualization (for details see Section 2.3). The associated implementation – SyCatool – is used 

within this work.  

In summary, this section shows that the current EA documentation increasingly faces considerable 

requirements due to high information volume, growing complexity, high quality expectations in 

conjunction with a need for high agility. Thereby it is questionable whether the current processes in 

particular the manual data collection and visualization processes are able to cope with them and how far 

the problems lead to higher costs, decreasing productivity and dissatisfaction of stakeholders. In an 

attempt to deal with those requirements first approaches concerning automation are made in practice and 

also modern research has demonstrated its growing interest in the topic of automation and especially the 

associated benefits, whereby it is still standing at the beginning [8]. While in the area of data collection 

processes the automatic idea is now just starting, the example of SyCa shows that a high degree of 

automation is already achieved regarding the visualization.  

3.2 NECESSITY OF NEW CONCEPTS TO COPE WITH THE FUTURE REQUIREMENTS 

In order to counteract the problems mentioned before such as the increasing information volume, the 

increasing requirement on the companies’ agility and the unsuitability of the manual processes currently 

used to cope with them a quite obvious solution is the (partly) automation of both, the data collection 

process and the visualization process which are joined together seamlessly. According to Winter et al. [7], 

a lot of companies have already made initial attempts to automate the processes, whereby above all 

(partly) automated processes are in use. Of course, a fully automated process is unrealistic as the human 

will always be required as an information source and especially as a validator checking the EA data for 

consistency1. Nevertheless, Farwick [8] shows that in practice there is a high demand for an automated 

tool-aided approach and believes that this will result in an increased ROI made possible by EA Initiative 

which is underpinned by a survey conducted by Buck et al. to highlight a high interest in automated 

gathering in practice [22]. In addition, the growing supply of report generation functionality by the EA 

Tools can be interpreted as an indicator for the increasing significance of automation regarding 

visualization processes. The reason for this is predominantly the many benefits/advantages correlating 

with automation which can be divided into two different types: direct and indirect advantages. 

Direct advantages: This category includes all the positive aspects for the EA documentation processes and 

their results by an automated approach.  

· The replacement of human operator leads to a decrease in cost and time, whereby restrictedly it 

must be said that this highly depends on the one hand on the number and the type of tasks being 

able to be automated and on the other hand the underlying data and the necessity to rework 

them. 

· As already mentioned before the manual collection, maintenance and visualization are connected 

with error prone tasks leading above all to inconsistent and aged software maps. An automation 

especially of routine tasks such as the creation of views can lead to reduced error rates. It may be 

mentioned that the quality especially in terms of accuracy and consistency is determined by the 

underlying data quality which is used by the processes. 

Indirect advantages: This category includes all the advantages which are the result of improved processes 

in terms of time, costs and quality.  

                                                                    
1 For instance, in order to achieve a high quality Farwick et al. [54] suggests a release process in which the 
EA stakeholder are asked to check the EA data regarding several quality dimensions. 
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· Based on the idea that the quality of the decisions made is restricted to the quality of the EA 

symbolic models produced by the EA documentation processes improvements in terms of 

consistency and accuracy lead to a better support of decision makers and thus to more suitable 

decisions regarding the circumstances. 

· Shorter process cycles could result in an improved data actuality level and thus in a higher 

transparency, which is especially important regarding the requirements on the companies’ agility 

to increasingly react on market changes. 

Despite the numerous advantages of an automatic data collection and maintenance from today’s 

perspective only a very few publications could be identified dealing with this topic. For instance, [53] is 

concerned with EA patterns, while a pattern called “Automatic Data Acquisitions/Maintenance” is 

proposed. Thereby the data from various sources shall be gathered and by using transformation rules 

transformed into the required format defined by the underlying information model. In the next step the 

data are stored at an EA repository serving as a central location and consolidating the different data flows. 

At this point it is suggested to use an EAM Tool for this task. However, information about concrete tasks, 

activities and their implementation is abstracted. At present, the most intense research on this topic can 

be found in Farwick et al. [8], [54] in which based on requirements identified by using a survey 1) an 

automated process, the 2) involved participants and 3) required data structures are proposed and 4) 

implementation aspects are discussed to some degree. The basis is the EA repository storing, collecting 

and finally consolidating EA data as well as providing functionalities of a task system and of a 

corresponding role system. The process is composed of four sub processes (see Figure 8). The Setup 

Process includes the addition of a new data source. The Maintenance Process deals with changes, e.g. new 

IT systems and their consideration on the EA data model, whereby a distinction is made between the 

working copy model changes are applied to first and the approved as-is model the stakeholders work with. 

Within the framework of the Integration Process the data flows from different sources are integrated and 

consolidated according to rules specified. Finally, the stakeholders are asked to check the data of the 

working copy model in terms of redundancy and inconsistency before it is officially committed as the new 

approved as-is model. To sum up Farwick et al. [54]proposes several processes based on the requirements 

before, while a concrete architecture for the EA method as well as concrete implementation aspects 

including the selection of technologies are still missing. At the present time only one publication could be 

identified proposing a concrete implementation of an automated data collection process. To determine the 

information Buschle et al. [55] use NeteXpose, a vulnerability scanner which is an automated tool trying to 

identify weaknesses within a network. In this context the tool also collects information about the 

underlying system landscape which in a second step is transformed to an EA information model instance. 

A disadvantage lies in the task of the vulnerability scanner to analyze networks with respect to risks so 

that primary technological information can be determined such as computer systems as well as system 

software. First indications of elements on the application layer (e.g. taking the example of Archimate) can 

also be gained, e.g. applications in use as well as provided services. However, this information is extremely 

technical. For instance, the identified services are named like 139_CIFS giving no hints on the behavior 

provided as well as the connection to the business. In additional, information about the data exchanged as 

well as offered interface are also questionable, not to mention business aspects.  
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FIGURE 8: OVERVIEW OF THE AUTOMATED MAINTENANCE PROCESS PROPOSED BY FARWICK ET AL. [8] 

In contrast, in the field of visualization research is much further. On the one hand, some EA tools placed on 

the market already offer the functionality to automatically generate reports e.g. in planningIT viewpoints 

can be defined using a proprietary SQL language. On the other hand, SyCaTool is a standalone tool which 

offers extensive possibilities to generate software maps based on viewpoints defined.  

From the companies’ point of view the goal is obvious (simplifying): a fully automated collection and 

visualization of EA data based on existing information sources which ranges from sniffers logging traffic of 

digital networks over information systems to modelling tools. For instance, while Fischer et al. [34] 

mention only management tools as information sources, Farwick et al. [8] defines it much broader: 

“Our basic vision is a system which automatically collects data from various sources into a central repository. 

These sources could be runtime systems, such as application systems and information systems like project 

portfolio management tools, or low-level sensors that monitor infrastructure elements.” [8] 

The definition is centered on the different types of information sources which can range from runtime 

systems over application systems to portfolio management tools. Which source is most suitable depends 

to a great extent on the EA aspects considered as well as the desired granularity of the information. For 

example, a sniffer – program analysing network traffic [56] – is quite inappropriate to gather information 

concerning business aspects such as business processes, whereas statements regarding the technology 

architecture can be made. Instead, it is liable that an Enterprise Resource Planning (ERP) system “as a 

software system designed to support and automate business processes”[57] is probably more suitable to 

provide business information but useless if technological aspects are needed.  

Nevertheless, the hypothesis can be established that more than one information source is needed to cover 

all the EA information demanded.  

However, within the definition an interesting point is addressed, the usage of runtime systems as an 

information source. The main idea behind is that relevant EA information is already present in existing as 

well as used IT systems and thus does not have to be collected again but if appropriate interfaces are 

provided can be automatically extracted and transformed. In addition to the aforementioned advantages 

of automation this approach has numerous positive effects: 

- Time and cost savings by reducing redundant collection and maintenance processes 

- Under certain circumstances an improvement in data quality can be achieved in particular in terms of 

accuracy, consistency and completeness. This has several reasons. On the one hand, the data are 
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managed in systems the relevant experts are familiar with and thus are able to handle them better 

Fischer et al. [34] For instance BMW has an EA department which centrally gathers the data from 

different parts of the company and accordingly depends on input of the local experts, whereby not all 

of them know the EA concept and the idea behind. Instead, they are familiar with the local IT systems 

and their handling. On the other hand, the accuracy of the data is possibly essential for the 

functionality of the system making it necessary to keep the quality high in order to avoid system 

failures. Nevertheless, these advantages highly depend on the underlying data and have to be 

revaluated with each source. An example showing the other way around that the data quality does not 

necessarily has to be high in practice is the ERP system provided by SAP. A survey conducted among 

100 German companies reveals that for the majority of the companies the current data quality is 

alarming especially regarding the consequences for the value creation [58]. Only 40% of the 

participants state to have a high level of confidence in the data.  

The last point in particular clearly shows the existence of several requirements on an optimal IT system 

serving as an information source. The following list includes the ones regarded as important: 

#RE1 High EA information coverage 

The data provided by the system shall meet as much as possible of the EA information demand in order 

limit the number of information sources needed. The more sources are in use the more effort has to be 

put on merging the underlying data flows and the more the complexity of the consolidation logic grows, 

similar to Data Warehouses 

 

#RE2 High data quality 

As the usability of the Enterprise Architecture symbolic models is limited by the quality of the underlying 

data a high quality is required, especially regarding the important dimensions in practice: granularity, 

actuality, completeness and accuracy. 

 

#RE3 Export possibilities 

In order to use the data export, possibilities have to be provided by the source system, which can range 

from file export to web service interfaces. Additionally, to ensure that the data can be processed 

automatically the interfaces have to be machine-understandable, e.g. by using API, XML etc. 

 

The data should not only be collected automatically but also visualized avoiding manual operations using 

existing tools in order to counteract the error-prone and time- consuming task of manual creation of the 

symbolic models. An automation makes it possible to avoid monotone, routing work which due to the high 

information amount can result in increased susceptibility concerning errors and unwanted redundancies 

as a consequence of rework. In this context the following aspects are desirable: 

· The visualization as well as the data collection processes are not independent from one another 

but from the author’s perspective they pass over fluently into each other. Accordingly, the 

visualization processes shall be immediately based on the data gathered. 

· As a consequence of the automation principle followed, all kinds of manual intermediate steps 

shall be avoided as far as this makes sense. 

· The visualization processes themselves shall be fully automated in order to avoid the current 

problems regarding the time extent and the susceptibility to errors.  
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Based on the considerations made, a two-step process is needed in which first the data are identified, 

collected and maintained and second without any manual intermediate steps visualized whereby manual 

work shall be avoided to the extent it can be done.  

3.3 AUTOMATED ENTERPRISE ARCHITECTURE DOCUMENTATION BASED ON SAP 

PI 

After the current situation in practice and the problems involved have been discussed and the necessity of 

an automated concept has been shown, in the following an automated process using SAP PI as an 

information source will be proposed (see Subsection 3.3.1), the requirements on such a process will be 

defined (see Subsection 3.3.2) and finally a process description from a design perspective will be provided 

(see Subsection 3.3.3), which will be discussed in greater detail in Chapter 4 and 5. 

3.3.1 BASIC CONCEPT OF AN AUTOMATED PROCESS 
In the sections before the main vision of the EA documentation process in this work was already 

indicated: the development of a tool-supported, automated process which is composed of two parts, firstly 

the data collection/maintenance based on IT systems serving as information sources as well as secondly 

the visualization. Not all IT systems are suited for the use as an information source but have to fulfil 

several requirements defined in the section before.  

A system which due to its functionality is particularly suitable is an Enterprise Service Bus (ESB), which 

according to Chappell “is a standards-based integration platform integration platform that combines 

messaging, web services, data transformation, and intelligent routing to reliably connect and coordinate the 

interaction of significant numbers of diverse applications […]” [12]2. Metaphorically speaking, an Enterprise 

Service Bus can be seen as the nervous system of a company supporting and coordinating the interaction 

and communication between mutually interacting software applications, whereby above all knowledge 

about application systems, their interfaces, the possible communication relations and the 

information/data exchanged is available in a central location and does not have to be collected together 

from different areas of the company. In Chapter 4 the information content is discussed in more detail. At 

this point it should be sufficient to note that an ESB includes a lot of information which is valuable from 

the Enterprise Architecture’s point of view.  

SAP PI is SAP’s own ESB system combined with a communication infrastructure which can follow a 

synchronous or asynchronous communication paradigm [20]. Commonly, the information is not centrally 

accessible but distributed over several systems/organizations and even countries. SAP PI includes the 

integration knowledge at a central location and prevents thus the necessity to search every system. 

Moreover, in contrast to other ESB systems such as Oracle ESB [59] and Mule [60] comprehensive 

information about the application landscape including e.g. computer systems, operating systems, system 

software and partly even updates is stored. But also a high data quality can be expected as data saved are 

used for the operative tasks and inconsistencies as well as omissions probably induce errors and or 

system failures. 

However, it has to be mentioned that the usage of SAP PI is not only linked with advantages but also 

disadvantages. According to the hypothesis defined before that more than one information source is 

needed to cover all the relevant Enterprise Architecture aspects, SAP PI can only provide a subset of the 

information demand. Obviously, such a standard demand has not been defined yet within this work. Even 

though a standard information model does not exist, Fischer et al. [34] gives an overview of the aspects 

accepted by the overwhelming majority. In simple terms, three categories of information are distinguished 

                                                                    
2 At present no standard definition is available for the term „Enterprise Service Bus System“. The opinions 
range from ESB as a software system (like in the present case), ESB as an architecture and ESB as a 
concept whereby in this particular case this is abstracted.  
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(similar to ArchiMate): business, application and technology. While according to the official definition a 

SAP PI seems to be ideal to provide information about the application landscape as it coordinates their 

interaction, it remains doubtful whether and especially how good business information can be 

reconstructed based on the data provided. This includes for instance business processes, actors and 

organizations. 

In the second step the extracted information are transformed into an EA information mode instance and 

finally visualized. The overall aim is therefore to join both process steps together seamlessly. Thereby the 

process is not independent but integrated into an organizational context as several people are involved, 

e.g. the SAP PI manager (responsible for the SAP PI system), EA stakeholders and the enterprise architect. 

In Figure 9 the process outlined is shown from a high-level perspective. 

 

FIGURE 9: SCHEMATICAL DRAWING OF THE AUTOMATED EA DOCUMENTATION PROCESS 

Finally, the criteria determining the success of the automated approach shall be investigated from 

different stakeholders’ perspectives: 

Enterprise architects 

This category includes the people responsible for the EA documentation process. From their perspectives 

the success highly depends on the costs and time which can be saved compared to the current approaches.  

System owner – SAP PI 

As the crash of an SAP PI system affects the functionality of numerous other application systems and thus 

endangers the value creation the success of the process is highly influenced by the right granted to access 

and change the SAP PI system. 

Users 

The last group includes the users of the EA symbolic models, e.g. decision makers. In order to be of value 

the quality of the models in terms of actuality, completeness, granularity and accuracy is a critical factor. 

3.3.2 REQUIREMENTS FOR AN AUTOMATED PROCESS USING SAP PI 
The previous consideration has shown the advantages of an automated approach over the current manual 

solutions. Thereby, the overall vision of a tool-aided automated process has been proposed. As a second 

step the requirements for such a process are defined whereby a categorization is done (see Figure 10). 
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FIGURE 10: THE APPROACH FROM A REQUIREMENT PERSPECTIVE 

Data source requirements 

The data have to be extracted from the SAP PI System directly, whereby changes to the 

system shall be avoided. 

Objective 

of the 

thesis According to the thesis’ objective the data shall be extracted from the SAP PI system 

directly so that any intermediate steps can be avoided. This requirement is inspired by the 

idea that by using intermediate documents / formats additional sources of errors occur 

worsening the data quality [34].  

 

As mentioned before an important success factor for the approach of gathering data is 

whether any permission to access the data is granted. As SAP PI plays a central role in 

cross-application, cross-system and even cross-company communication enterprises strive 

to avoid interruptions as well as changes to the system which can lead finally to system 

failures. Accordingly, official export possibilities – as far as possible – offered by the system 

shall be used. 

 

The approach must provide expansion possibilities for adding new data sources. Fischer et 

al. [34] & 

Farwick et 

al. [8] 

This requirement is inspired by the fact that probably not the whole EA information model 

can be covered by the data provided by SAP PI. Due to missing aspects which strongly 

depend on the used information model, additional information sources including humans 

are necessary. To face this problem Fischer et al. [34] as well as Farwick et al. [8] propose a 

federated architecture using several information sources. 

 

The approach must be able to detect changes in SAP PI automatically. Farwick et 

al. [8] The requirement is taken from Farwick et al. [8] who argues that the decisions which are 

made based on Enterprise Architecture symbolic models can only be as good as the 

underlying data quality (especially actuality) allows it to be. As a consequence, changes 

such as new interfaces and applications have to be detected. This can be done for example 

either automatically or by starting the approach manually at certain intervals (semi-

automatic approach). 

 

Requirements concerning extracted data 
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Requirements concerning data scope 

The approach has to consider static as well as dynamic data of the SAP PI system. Objective 

of the 

thesis 

In addition to static data such as information about interfaces and components also 

dynamic data contain valuable information from an Enterprise Architecture perspective 

(restricted to the used information model). This includes inter alia information about 

interfaces no longer in use, obsolete applications, exchanged data, etc. 

 

The approach must provide mechanisms to versioning. Farwick et 

al. [8] & 

Objective 

of the 

thesis 

Farwick et al. [8] highlight the necessity of mechanisms to ensure the actuality of data. 

Therefore he proposes the use of time stamps. Within the scope of this study the 

requirement is taken over and extended by the demand for mechanisms for versioning. 

 

 

Requirements concerning data quality 

The approach must provide mechanisms to adjust the granularity of data. Farwick et 

al. [8] The optimal granularity is a key question which has a decisive influence on the quality of 

decisions made. The answer strongly depends on the used information model, i.e. in some 

areas/fields planningIT is considerably more detailed than ArchiMate whereas CySeMoL 

neglects some areas but has a rather deeper view on others. Due to the fact that the thesis is 

not focused on one information model but tries to get a comprehensive view on Enterprise 

Architecture information models in general and that they can change over time (new 

concepts, e.g. brought up by consultants) appropriate mechanisms to adjust the granularity 

are necessary. 

 

The system must provide mechanisms that allow for the automated propagation of changes. Farwick et 

al. [8] This requirement is inspired by Farwick et al. [8]. As within the scope of this study only one 

information source is considered, a possible solution would be to generate a completely 

new information model instance each time. Considering the requirement for adding new 

information source in order to face the problem of insufficient information, which will be 

mentioned later, this solution becomes unsuitable. Instead, mechanisms have to be 

provided to make as well as propagate changes on the data base. 

 

Architectural requirements 

The data have to be stored in a central EA repository. Farwick et 

al. [8] & 

Moser et 

al.[53] & 

Fischer et 

al. [34] 

Farwick et al. [8], Fischer et al. [34] as well as Moser et al. [53] propose the use of a central 

EA repository saving the data concerning EA. Due to the associated advantages such as 

central data management and easy expansion possibilities, the use of a central EA 

repository shall be added as a requirement. 

 

Process requirements 
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The system must provide mechanisms to easily adjust it to changes of the EA information 

model. 

Objective 

of the 

thesis As the approach is not restricted to one information model but shall be flexible, appropriate 

mechanisms have to be provided to easily adjust the process to changes as well as to a 

completely different information model. 

 

The logic for creation of a specific information model based on SAP PI has to abstract from 

implementation details. 

Objective 

of the 

thesis Actually, this is a sub requirement of the one mentioned before. In order to provide the 

ability to easily make adjustments to the approach an abstraction of underlying 

implementation details is essential. As a consequence, the logic to transform the data 

provided by SAP PI to the EA information model instance shall be defined on a high level of 

abstraction hiding underlying details (Parnas' principle of information hiding). 

 

 

Organizational requirements 

An organization process must be in place that regulates the process. Farwick et 

al. [8] According to Farwick it is important to define roles, actors and responsibilities of the 

people involved. 

 

Visualization requirements 

The approach must provide appropriate mechanisms to visualize the EA data.  Objective 

of the 

thesis 

As the thesis’ goal is not only the creation of an EA information model instance but also the 

automated visualization appropriate visualization mechanisms have to be provided. 

 

The approach must provide viewpoints to visualize the data appropriately.  Objective 

of the 

thesis 

In any event, appropriate views are an important basis for the decision-making process. 

Therefore viewpoints have to be defined specifying the conventions for constructing and 

using a view. 

 

In order to reduce the effort of this thesis only the creation of an EA documentation is considered and 

organizational as well as maintenance aspects are beyond the scope This includes above all the 

propagation of changes and the definition of roles as well as responsibilities. Moreover, dynamic 

information shall be abstracted in order to limit the extent of this work. 

3.3.3 DESIGN OF AN AUTOMATED TOOL-AIDED PROCESS BASED ON SAP PI 

Based on the requirements defined in the following a process is designed fulfilling them. Therefore, the 

requirements’ view on the process (see Figure 10) is detailed and shown from a design perspective (see 

Figure 11) while the steps, design decisions as well as the underlying motivation are discussed below. 

Moreover the chapters in which the process steps are investigated more clearly are specified. 
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FIGURE 11: AUTOMATED EA DOCUMENTATION PROCESS FROM A DESIGN PERSPECTIVE 

 

1. Data extraction from SAP PI 

The data shall be directly extracted from the SAP PI system using the available interfaces, whereby the 

components (SLD, Enterprise Service Repository, Integration Builder) provide different data which are 

related to each other and a s a consequence have to be consolidated.  

Chapters: 4.1 & 4.2 

 

2. Saving the data extracted with an intermediate format 

As a consequence of the three subcomponents of SAP PI demanding more than one export routine and 

providing different information which has to be consolidated the Enterprise Architecture information 

model instances are not directly created but an intermediate format is generated compromising the SAP 

PI information. To be flexible regarding new requirements the data’s granularity is not changed, which 

means that no filter as well as aggregation mechanisms are in use. Compared to the direct creation of 

Enterprise Architecture data models several advantages are involved: 

· The extraction processes are independent from changes to the information model. 

· The logic to create the EA data models is independent of changes to the extraction processes. 

· As already mentioned not only one export process exists but several, whereby the data are 

related to each other. An intermediate model offers the possibility to consolidate the different 

data and make them available for following processes as a whole. 

· The logic to create the EA data models can be based on a complete, standardized data model, 

whereby a considerable complexity reduction is achieved.  

Chapter: 4.2 

 

3. Transformation of the intermediate model into an Enterprise Architecture data model 

After the data have been stored in the intermediate format, they are used to generate the EA data models, 

whereby an approach based on model transformation is pursued. Thereby, on the one hand, the 

transformation rules are the well-defined link between the SAP data as well as the elements in the 

information model ensuring the consistence between both models. On the other hand, they implicitly 

contain the aggregation of the information mentioned before and thus the adjustment of the granularity. 

In choosing the right transformation technology and transformation language several aspects have to be 

considered for instance expressiveness and tool-support. 
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Chapters: 4.3 & 4.4 

 

4. Import of the model instances generated into Hybrid Wiki used as EA repository 

Although this thesis only deals with the data extraction from one source – SAP PI – a basis for the 

extension of the process concerning additional information sources shall nonetheless be provided. What is 

important in this connection is the consolidation and synchronization of the data in a central location. 

Inspired by the idea provided by Moser et al. [53] and Farwick et al. [8] to collect and integrate the flows 

in an EA repository implemented by an EA tool in the present case Hybrid Wiki [61] is the tool of choice. 

As the name already implies, hybrid wiki is based on a wiki system which analogous to semantic wikis is 

expanded to include elements to structure content. Thus, on the one hand, the system enables the 

stakeholders to locally document particular parts of the EA in the form of wiki pages but also to 

semantically annotate the content. With regard to the requirements defined before Hybrid Wiki has two 

essential advantages compared to other EA tools such as planningIT [49] and Iteraplan by iteratec[48]. 

First the underlying information model is flexible and not fixed which is consistent with the process’s 

independence. Furthermore, it offers the use of SyCa, a visualization tool which can automatically extract 

the data from Hybrid Wiki so that no additional manual steps are necessary.  

Chapter: 5 

 

5. Automated visualization of the data 

After the data have been gathered, transformed into EA data models, and finally stored in Hybrid Wiki, the 

next step is to visualize them, whereby SyCaTool is best placed. On the one hand, it has direct access to the 

data stored in the Hybrid Wiki system, on the other hand, functionalities are provided to automatically 

generate semantically consistent visualizations according to viewpoints defined.  

Chapter: 5  
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4. RELATING SAP PI WITH INFORMATION 

MODELS 

In the present Chapter an analysis will be made to what extent Enterprise Architecture (EA) information 

can be reconstructed based on an SAP PI system. Therefore, the information content of an Enterprise 

Service Bus (ESB) in general using widely accepted definitions will be compared with the EA information 

demand in order to achieve a generic starting point for considerations of other Enterprise Service Bus 

systems apart from SAP PI (Section 4.1). Based on these results the SAP PI information content will be 

analysed in detail (Section 4.2) and compared with the information demand of selected information 

models (ArchiMate, CySeMoL, PlanningIT). (Section 4.3) Finally an approach for automatic generation of 

EA information model instances based on SAP PI data using model to model transformations will be 

pointed out (Section 4.4).  

In Figure 12 an overview of the process’ aspects discussed (red) in this Chapter is given. 

 

FIGURE 12: PROCESS STEPS INVESTIGATED IN CHAPTER 4 

4.1 INFORMATION CONTENT PROVIDED BY AN ESB SYSTEM CONCERNING 

ENTERPRISE ARCHITECTURE 

After the requirements have been defined and an automatic process has been schematically described 

fulfilling them in the next step the possible EA information which can be extracted from an ESB system has 

to be analysed. A generic approach is followed and first based on the definitions investigated in Section 2.1 

the general strengths and weaknesses of an ESB as an information source shall be intensively explored. 
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Therefore, the data contained are categorized and compared with ArchiMate as an example of the EA 

information demand which is the official standard of The Open Group. This is the basis for a detailed 

comparison with SAP PI as a concrete implementation. Nevertheless the knowledge gained can easily be 

applied directly to other ESB systems, e.g. Oracle Service Bus which was also investigated during this 

project. 

Within the definitions of ESB of Chappell [12] and Forrester [19] especially structural and behavioural 

aspects are addressed and in the following used to develop a widely accepted understanding of an ESB on 

a high abstraction level. However, this does not lay claim to completeness, but serves only as a starting 

point for the comparison. Thereby, first the structure of an ESB is discussed (see Figure 13) and second 

the essential behavioural aspects are considered. 

 

  

 

FIGURE 13: SCHEMANTICAL STRUCTURE OF AN ESB ACCORDING TO CHAPPEL [12], KISCHEL [60] AND SCHULTE [18] 

According to Chappell [12], Kischel [62] and Schulte [18] a middleware infrastructure is at the core of an 

ESB system which is able to support a variety of industrial-standard access mechanisms and protocols. 

Chappell as well as Kischel highlight the contribution of an event-driven and standard-based messaging 

oriented middleware. The services are encapsulated by so-called endpoints whereby they “either expose a 

service interface or act as a client of the service interface”[12]3. Thereby an endpoint is not restricted to a 

monolithic application but can also represent a suite of applications or even a whole department or 

business unit [12]. As a consequence of the heterogeneity of the communication technologies most 

authors [12], [62] suggest the usage of adapters transforming the messages into a format the application 

can interpret. This enables in particular the interaction with legacy systems.  

                                                                    
3In contrast to Chappel, Kischel [62] calls this concept „Service Container“. 

Messaging Middleware

Endpoints

Communication
Components

Adapter

ESB
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In addition to structural aspects the following behavioural aspects have been worked out in Section 2.1: 

· Standardized integration and communication 

· Data transformation 

· Routing 

· Orchestration 

· Security handling 

· Configuration and management of services 

· Support of processes 

The aforementioned behavioural as well as structural aspects serve as essential information sources for 

an analysis of which EA information can be gained based on the data of an ESB system. 

Structural aspects as information source 

Structural aspects Discussion of the EA information content 
Extractable 

ArchiMate elements 

Communication 

Component 

According to Kischel [62] and Chappell [12] communication 

components such as monolithic application, a suite of 

applications and business departments providing or using 

the services, are abstracted by the endpoints which only 

contains information about the services or the client 

interfaces used to communicate. In addition, the usage of an 

endpoint is not restricted to one component but can be used 

by numerous applications. From that point of view no direct 

statements about the underlying applications can be made 

but only about the interfaces used and/or provided. 

 

Endpoint According to Chappell [12] for the connection of a service 

provider/client with the bus information about the 

transport protocols as well as the interfaces has to be 

provided. Moreover, the interfaces can be taken as 

indicators for the underlying services for instance 

operations reflect the external functionality provided by the 

services. Restrictively it has to be mentioned that this highly 

depends on the interface description, e.g. SAP XI [63] – the 

former version of SAP PI – abstracts from operations and 

only specifies the messages and data types exchanged in 

contrast to SAP PI. Nevertheless, the last point also shows 

that interfaces can provide first indications on data objects 

transferred.  

Application 

Interface, 

Application Service, 

Data Objects 

Adapter The concept of an adapter is used to transform a message so 

that it can be interpreted by an application which is 

particularly useful regarding legacy applications. Thereby 

from the ESB perspective not the interfaces of the 

communication components behind but of the Adapters are 

visible. Nevertheless, these interfaces can be seen as an 

indicator of the functionality provided to or required from 

Application 

Interface, 

Application Service, 

Data Objects 
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the environment by the underlying components. 

Central 

communication 

infrastructure 

Based on the architecture (central, federated) of the central 

communication infrastructure first conclusions concerning 

the application landscape and especially its structure can be 

drawn. In the central approach all communication takes 

place on only one point [12] for instance using the example 

of SAP PI this corresponds to the usage of one integration 

server communicating with all business components. In 

contrast, within the scope of the federated concept several 

communication points are in use being responsible for 

different divisions [12]. In the context of SAP PI for instance 

two or more integration servers are employed to 

communicate with the business components. But also Oracle 

Enterprise Service Bus [59] offers the possibility to use 

autonomous ESB instances across the enterprise having 

their own sets of configuration artefacts such as services and 

transformations. At this point the questions arise depending 

on which criteria the federated communication points are 

deployed. According to Chappell [12] geographical as well as 

organizational aspects shall be taken into account for 

instance partners, operations and regional sales have their 

own integration broker. The documentation of Oracle 

Service Suite underpins the organizational aspects and 

highlights that deployments typically map to various IT 

departments within an organization[64]. Accordingly under 

optimal circumstances based on the structure of the 

communication component first statements concerning 

geographical and organizational aspects are possible.  

Structure of 

application 

landscape 

TABLE 3: EA INFORMATION CONTENT OF THE STRUCTURAL ASPECTS OF AN ESB 

Behavioural aspects as information source 

In the following the behavioural aspects of an ESB will be analysed with regard to their information 

content: 

Behavioural 

aspects 
Discussion of the EA information content 

Extractible EA 

information 

Transfor-

mation  

Transformation is an inherent part of an ESB including the 

transformation and conversion of various protocols [12]. This 

allows a standardized plug-in of applications to the ESB 

independent of the communication as well as message protocols. 

Thereby different levels can be distinguished, for instance while 

Chappell [12] only mentions data transformations SAP PI as well 

as Oracle Service Suits offer the possibility to map operations on 

each other.  

Accordingly, transformations can be used as the starting point for 

both identifying data objects as well as determining the 

relationships between them for instance equality. In particular, 

Data Objects, Data 

Objects equality  
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the last point is interesting considering that in practice numerous 

data objects exist representing the same information but having 

different names and thus are difficult to identify automatically.  

Information regarding the operations and especially their 

mapping can be neglected as commonly from the EA perspective 

(ArchiMate as well as CySeMoL) such information is too fine-

grained  

Routing Routing is an important feature of ESB systems guiding the 

incoming data to the intended destination based on several 

factors and methods such as itinerary based, content based, 

message filter, etc.[12] As no direct physical connections 

between the applications using an ESB exist due to the fact that 

all the communication takes place via the ESB routing 

information implicitly contains the communication relations 

between the individual endpoints representing the 

communication components.  

 

Accordingly, with respect to ArchiMate the routing information 

can serve as references for the following aspects: 

 

- Which interface is invoked by which endpoint? 

- Which endpoint takes the role of a client/server? 

 

An ESB may support several concepts of coordinating the 

interaction between event-driven service invocations, for 

instance the routing can be based on a predetermined list of 

receivers (itinerary-based routing) or based on the content of the 

message (content-based routing) [12]. In the case of the former, 

the concrete communication relationships between the 

endpoints are defined in advance and thus are easy to be 

proceeded automatically. In the case of the second, the path is 

determined at run time based on the content of the data 

exchanged so that only at run time reliable information about the 

communication relationships can be made. 

Communication 

relationships 

(interface 

invocation) 

Orchestration Orchestration describes the coordinated cooperation between 

seemingly unrelated services for specifying the control flow of 

processes using for instance Web Service Business Process 

Execution Language (WSBEL) as executable description [12]. In 

this context, the term “Business Process” instead of process is 

often uttered, for instance in this context Chappell [12] speaks of 

the possibility to define business processes and even 

“sophisticated business process orchestration”. Based on the 

experience made with Oracle Service Suite and SAP PI it has to be 

treated with caution whether a Business Process Execution 

Language (BPEL) process can be seen as a business process 

Application 

collaboration, 

business process 

(very limited and 

highly depending 

on the context) 
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rather as a simple sequence of interactions of applications. For 

instance human interactions, an essential part of processes, are 

currently not covered by BPEL why the extension BPEL4PEOPLE 

was introduced. Nevertheless, according to ArchiMate the main 

difference between a simple interaction of applications and a 

business process lies in the goals and its granularity. While the 

goal of a business process is to satisfy or delight the customer 

[65] the collaboration of applications is dedicated to perform a 

specific unit of behaviour with no immediate reference to 

business aspects [66]. Thus, the delamination of the terms 

depends, on the one hand, on the capability of the ESB to offer all 

the functionality necessary for a business process, e.g. the 

involvement of people and, on the other hand, on the fact 

whether the processes defined in ESB are either considered from 

a business point of view (fulfilling customer needs), from an IT 

point of view (performing higher functionality) or both. The last 

point highlights another essential point, the optimal granularity. 

Even though the orchestration of services can be viewed as the 

(partly) implementation of business process, the question arises 

whether the business aspects can be reconstructed based on the 

implementation details, for instance business actors concerned 

and products supplied. 

Security 

Capabilities 

A study conducted by Forrester [19] in 2009 shows that in 

practice ESB systems usually offer a variety of security 

mechanisms such as authentication, authorization, audit and 

encoding. Although these mechanisms can be perceived as 

application services, from an Enterprise Architecture perspective 

especially regarding ArchiMate such information, for instance 

which encoding standards are in use along a communication 

relationship and at which points authentications are done, is too 

detailed and fine-grained. Nevertheless, this information is of 

particular value for CySeMoL which, as mentioned above, focuses 

on security aspects and compared to ArchiMate goes deeper into 

details in this area.  

Exception: Security 

aspects regarding 

CySeMoL 

Monitoring 

Capabilities 

In order to find faults and to monitor the performance current 

ESB systems usually provide administration as well as 

monitoring functions [19]. As ArchiMate focuses on a snapshot 

rather than on analysing, the dynamics in behaviour information 

provided by monitoring activities are not of importance at first 

sight. Nevertheless, the information can be used to validate the 

data models for instance regarding which data are out of date 

and not used in practice. Moreover, in the case of content based 

routing, conclusions about the communication relationships can 

be drawn which would not be possible otherwise. 

Validation of data, 

communication 

relationships 

(interface 

invocation) 

TABLE 4: EA INFORMATION CONTENT OF THE BEHAVIORAL ASPECTS OF AN ESB 

To sum up, an ESB system according to the definitions by Chappell [12] and Kischel [62] can be 

constituted to be an essential source of information regarding EA. Thereby the main focus lies on the 

application architecture which includes, e.g. statements about the interaction between interfaces, the data 
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exchanged and first indications of the functionality provided. Unfortunately as the applications are 

encapsulated by endpoints and thus not known to the bus no information about the components 

providing/using the services is derivable.  

In contrast, with respect to the structural as well as behavioural aspects analysed only very few 

statements about the technology and the business architecture can be drawn. As the applications involved 

in the communications are not known to the system, consequently the associated computer systems as 

well as system software such as operating systems – except for the devices used by the ESB itself - and 

their characteristics are invisible. Also, the determination of business elements is questionable and highly 

depends on the functionality of the ESB, the handling of the system by the company and whether it is 

considered from a business or an IT perspective (e.g. naming conventions). This aspect will be 

investigated more clearly in Section 4.3.  

Finally, it is worth noting that only structural and behavioural aspects were considered which are 

generally accepted in literature. As is yet shown later in practice not each ESB system is restricted to the 

structure as well as functionality mentioned before. For instance SAP PI comes with considerably more 

functionality and thus offers more guides for the determination of EA information. 

4.2 INFORMATION CONTENT OF SAP PI 

An essential basis for the comparison of the information content of an SAP PI system with the Information 

demanded by an EA information model is a formal description of the data provided by SAP PI. In the 

following, the information content will therefore be analysed in detail and based on this an accurate meta 

model or better an accurate data model will be developed (Subsection 4.2.1). Due to the importance of the 

underlying data quality for the EA data models generated in the next step the quality of the SAP PI data 

will be investigated in terms of several dimensions (Subsection 4.2.2). 

4.2.1 ANALYSIS AND FORMAL DESCRIPTION OF THE INFORMATION PROVIDED BY SAP PI 
SAP PI is composed of several components shown in Figure 14 and categorized according to the phase the 

component is used in (design, configuration and runtime). In order to reduce the effort of this thesis the 

focus lies on static aspects, which means on the artifacts created in the design as well as configuration 

phase. Nevertheless, the process proposed can be easily expanded by additional information such as 

dynamic data. 
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FIGURE 14: ARCHITECTURE OF SAP NETWEAVER PROCESS INTEGRATION ACCORDING TO [20] 

As already mentioned, in order to formally describe the information stored in a SAP PI system a data 

model is created which corresponds to the intermediate model in the process proposed in the Chapter 3. 

Thereby against the model several requirements are defined:  

1. The aggregation of data shall be avoided in order to ensure flexibility regarding the EA 

information model as different models can require varied granularity level, e.g. see the discussion 

of the differences between CySeMoL and ArchiMate in Section 2.2. 

2. In order to ensure actuality the requirement for a time stamp as well as expiry date has been 

defined in Section 3.3.2. Accordingly, both times are added as attributes to the entities. 

3. As already mentioned, Ecore is the language of choice to describe the meta models (information 

models and data models). 

4. In order to limit the scope of the work the focus has lies only on the static information of the SAP 

PI system including the components used within the design and configurations phase. Dynamic 

information which means information at run time for instance the messages exchanged between 

two applications within a day provided by the central monitoring application remains unused. As 

most of the information models proposed are only restricted to static aspects this simplification is 

justifiable. 

In the following, the components will be successively investigated more clearly and simultaneously the 

data model (Figure 15) will be described in detail.  

Enterprise 
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FIGURE 15: SAP PI DATA MODEL 
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System Landscape Directory (SLD) 

The System Landscape Directory is the central source of information about the system landscape such as 

computer systems, system software as well as software components installed on [20]. With respect to the 

applications SLD distinguishes between software products and software components. While according to 

the official specification a software product is a unit that can be delivered, is visible to the customer and 

that is installable and renewable, a software component represents the reusable components of a 

product[67] which cannot be installed directly. In both cases the concept of a version is introduced 

describing a particular version of a software product/software component, whereby the elements software 

component and software product represent a collection of all versions, software component versions and 

software product versions respectively. The relationship between software products as well as software 

components is established via software features describing a specific feature of the product function and 

realized by one or more software component versions. 

In addition, systems the products are installed on are also registered at the System Landscape Directory, 

whereby a distinction is made between technical systems representing application systems and business 

systems which are logical elements functioning as senders and/or receivers. Thereby a business system is 

associated with exactly one technical system and can be seen as the logical view on it which is used within 

the design processes so that changes to the technical infrastructure do not affect the design elements but 

only the relationship between both types of systems [20]. Subclasses of the technical system are Web 

Application Server ABAP, Web Application Server Java, Standalone Java which can either represent Java 

applications installed on a computer system or an operating system, Third Party Systems describing 

software containing third party components, PI Components such as the Integration Server and finally 

Computer Systems. With the exception of the last element which is hardware technical systems can be seen 

as software providing an environment for software products. In order to model the installations the 

elements Installed Software Product Version and its components Installed Software Component Version are 

introduced. The reason is the possibility offered by SAP PI to individually update the Software Component 

Versions using Support Packages. 

Elements: Software Component, Software Component Version, Product, Product Version, Software Feature, 

Installed Software Product, Installed Software Component Version, Technical System, Business System, 

Support Package 

Enterprise Service Builder 

The Enterprise Service Builder is a design time tool in which the interaction between the applications as 

well as the information exchanged are designed[20]. This includes the description of Service Interfaces 

representing a platform and language independent design time representation of a service, whereby 

depending on whether the service is provided to or expected from the environment a distinction is made 

between Inbound Interfaces (receiving messages) as well as Outbound Interfaces (sending messages). A 

Service Interface is composed of one or more Operations. The structure of an Operation is described by a 

Message Type representing the message exchanged as well as Fault Message Types, which allows the 

receiver to send fault messages either to the sender or to the monitoring component in cases of errors. In 

both cases Data Types which include the elements and attribute the messages consist of are linked. As the 

application can use different Data Types for the same message mapping objects are necessary mapping the 

source message to the receiver message. In contrast, by using Operation Mappings Outbound Service 

Interface Operations can be related to Inbound Service Interface Operations, whereby the detailed 

transformation of the associated messages is defined by Message Mappings [68]. 

While the simple message processing is stateless, the Enterprise Service Builder also allows the definition 

of Integration Processes representing related process steps and being able to use the knowledge of 
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messages which have already been preceded. Thereby an Integration Process can be considered as a 

communication component, sending and receiving messages. 

Elements: Service Interfaces, Message Type, Operation, Data Type, Message Mapping, Operation Mapping, 

Integration Process 

Integration Builder 

Information in the Integration Builder specifies the configuration of communication relationships at run 

time whereby the elements of the Enterprise Service Builder are mapped to the actual execution 

environment [20]. The technical details for inbound as well as outbound processing of messages are 

defined by Sender Agreements or Receiver Agreements for a specific Communication Component which 

represents a sender or receiver of messages and is specialized to Integration Processes, Business Systems 

and Business Components. The last term is mentioned here for the first time and describes an abstract unit 

which is usually used in business to business communication relationships in order to hide details of the 

system landscape.  

In addition, sender as well as receiver agreements contain a reference to Communication Channels 

specifying the configuration of an adapter for a specific communication relation. Routing rules are 

determined by Receiver Determinations defining which receivers a message is sent to as well as Interface 

Determinations providing information about which interfaces a message is sent to. In both cases the 

source interface and source communication component are taken into account for the identification of the 

target elements.  

As cross-company integration is an essential aspect, the concept of a Party is introduced, representing a 

larger unit, which is involved in a collaborative process [69]. This allows for company specific 

configuration. 

Elements: Service Sender Agreement, Receiver Agreement, Communication Channel, Receiver Determination, 

Interface Determination, Party 

 

4.2.2 DISCUSSION OF DATA QUALITY 
An essential argument for the introduction of Enterprise Architectures in companies is the support as well 

as the hedging decisions. For instance according to Steen et al. [70] EAs are an important starting point for 

analysis, design and decision processes. For this to work, the EA models have to provide an accurate, 

timely and relevant image of the world around them [8]. This implies that the efficient and effective use 

does not only depend on the information content of SAP PI but also on its quality which determines the 

goodness of the EA products finally generated. As a consequence, it is necessary not only to investigate the 

information content but also to have a closer look at the quality of extracted information.  

An examination of the literature reveals that several definitions of quality have been defined [71] [72][73]. 

Brenda et al. [74] give four definitions of quality: quality as excellence, quality as value, quality as 

conformance to specifications and quality as meeting or exceeding customer expectations. The first two 

views may seem problematic as the assessment of excellence involves a high degree of subjectivity and the 

determination of a value is highly influenced by a monetary perspective while other criteria are neglected 

[71]. In contrast, ISO 9000 defines quality as the “totality of features and characteristics of a product or 

service that bear on its ability to satisfy stated or implied needs“ [75]. Quality respectively means the 

fulfilment of characteristics required while in this context such characteristics are called quality 

attributes.  
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In order to establish the link to the first definition, the views quality as conformance to specifications as 

well as quality as meeting or exceeding expectations can be dissembled into several quality attributes, such 

as accuracy, completeness and free-of-error which have to be fulfilled. Depending on the research area 

different frameworks consisting of several quality dimensions have been developed in an attempt to 

assess the quality of a specific unit such as: software quality ([72] [73]), data quality ([76]), information 

quality ([71]) and even Enterprise Architecture quality ([77]). All these frameworks are the basis for the 

selection of the quality dimensions, whereby the focus lies on the data stored in the components rather 

than on the underlying data model and its usability. For instance, aspects like simplicity, relevance of the 

data, perception from the user’s perspective, interpretability and so on are neglected as they cannot be 

influenced but are considered to be given.  

The goal is to assess the quality of the data stored in SAP PI concerning the objective of this work to 

develop an automated process. Of particular importance in this connection is not only the goodness of the 

data but also their usability for an automated processing.  

In the following it is proceeded as follows: First the quality dimensions and their formal definition will be 

presented and based on them the results of the data quality assessment of SAP PI will be reported. 

Quality dimensions 

Within the scope of the work several frameworks from various research areas were investigated and in 

this context the quality dimensions proposed were collected, assessed and finally selected regarding the 

requirements mentioned before [71] [72] [73] [77]. A list of the quality dimensions chosen can be found in 

Table 5 in which each attribute captures a specific aspect under the general umbrella of data quality. 

Restrictively it has to be mentioned that the selection is far from complete. Nevertheless, it offers a 

starting point especially due to the widely accepted quality frameworks which served as a basis. 

Quality dimensions Sources 

Completeness Kahn et al.[71], Wang et al.[76] 

Free-of-Error Kahn et al.[71], Wang et al.[76] 

Timelineness Kahn et al.[71], Stephen [73] 

Formal and consistent Representation Kahn et al.[71], Wang et al.[76] 
TABLE 5: SET OF QUALITY DIMENSIONS BY MEAN OF WHICH THE SAP PI DATA ARE ASSESSED 

Completeness 

In the present case, completeness is defined as the extent to which no data are missing according to the 

SAP PI specifications. The reason for taking this attribute into account is that missing data yield to 

incomplete EA models, which in turn can result in inappropriate decision regarding under the given 

circumstances. From the perspective of an automated processing incomplete data can be determined and 

highlighted to the user in warning messages. The precondition is the presence of indications for the 

existence of the elements for instance if a technical system is defined, not specified attributes can be 

figured out and marked. 

Free-of-Error 

Data can be complete but inaccurate, for instance details of the adapters regarding message as well as 

transport protocols can be complete but do not work. Incorrect data lead to EA symbolic models which are 

inaccurate and thus only suitable to a limited extent for the support of decision-making. Accordingly, the 

dimension “Free-of-Error” is defined as to which the data are correct and reflect the real world. In contrast 

to completeness it is difficult to identify incorrect data and only possible under certain circumstances, e.g. 

syntactical rules are defined which can be examined with regard to breaches. 
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Actuality: 

For a robust decision making it is necessary that data providers deliver data which are adequately up-to-

date [78]. Thereby the timeliness highly depends on the customer expectations. According to Farwick et 

al. [54] the optimal actuality that is demanded in practice lies between one week and one month. From the 

perspective of an automated process it is difficult to determine whether the data are out-of-date. Only 

some hints can be given to the user. For instance, after a specific time since the last update it the users are 

recommended to examine the data thoroughly. 

Formal and consistent representation 

For the data to be useful it is not only important that they are complete and accurate but also the extent to 

which they are formally described with regard to an automated processing is of significance. For instance, 

text fields capturing knowledge in a non-structured form are not entirely suitable even though they may 

contain all the relevant information. 

Assessment of SAP PI regarding the quality dimensions defined 

Form today’s perspective no studies could be identified that actually assess the quality of ESB systems. 

Therefore, thee consultants were interviewed and a survey was conducted as an online pool pursuing the 

aim to evaluate the quality of SAP PI data in practice in terms of completeness, correctness and actuality. 

In order to contact the target group recruitment of participants was done by way of email and posts in 

communities focused on SAP and especially SAP PI as well as the former version SAP XI. Within 45 days 

the survey was opened 45 persons started it, 27 completed it partly, 17 completed it and 2 only answered 

the first two questions whereby the last ones are neglected. As some questions of the second part ask for 

details which either are not known by everyone working with the system or should not be answered due 

to confidence aspects the high proportion of incomplete surveys is understandable and they will be 

incorporated in the analysis. Unfortunately, it is not possible to determine how representative the 

participants are. However, due to the target of this work not to develop a fixed but a flexible approach 

which can be adopted to different circumstances, it was found to be more important to identify the range 

of problem cases than to make representative statements. Therefore, in the following quantitative 

statement have to be treated with caution.  

During the data quality assessment it has turned out that quality is considerably influenced by one 

criterion: The necessity of the data regarding the core task of SAP PI, the realization of the communication 

between mutually interacting applications. While the Enterprise Service Builder as well as the Integration 

Builder are intended for this purpose, the task of the System Landscape Directory is defined in a much 

broader way. According to the official specification it can be seen as the central source for information 

about the system landscape in order to support, e.g. the management of the software life cycle[21]. 

Accordingly, the data are subdivided into the following categories: 

1. Mandatory fields: This category comprises data which are important for the working of the 

system and thus have to be specified correctly. This includes nearly all elements stored in the 

Enterprise Service Builder and Integration Builder, except some attributes (e.g. descriptions of 

the elements), integration scenarios and actions. As the last two elements are only used to model 

message exchanges between applications and their information is included in other design as well 

as configuration objects for this purpose this presents no problem. In addition, with respect to 

SLD, this category includes all elements with exception of several attributes for instance operating 

system (computer system), version (software product), supplier (software product), etc. . 

 

2. Mandatory-Optional fields: Data which are important for the working of the system but can also 

be specified in some other way and thus are optional in a specific case. Thereby only attributes 
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belong to this category for instance receiver partner as an attribute of the element receiver 

agreement whereby this information can also be specified in the message header. 

 

3. Optional fields: Data which are not important for the core task of SAP PI and as a consequence do 

not have to be specified correctly. This applies to attributes especially of elements stored within 

the System Landscape Directory, whereby in particular the provision of the operating system is of 

significance for the present objective. Moreover, at this point it shall be mentioned that even the 

mandatory field of SLD can belong to this category as in contrast to the other SAP PI components 

the data of the SLD are not only used for the communication processes. 

A detailed overview about the classification of the fields can be found in Appendix D. 

Formal representation 

As SAP PI is an operative system in which the data provided are processed automatically they are 

captured in structured format. This applies to all components including the optional fields so that the data 

can be unambiguously interpreted and automatically processed.  

Completeness 

The consultants stated that companies endeavor to continuously keep the mandatory as well as the 

mandatory-optional fields complete as incompletion lead to an immediate erroneous behaviour of the 

system. This applies especially for most of the data stored in the Enterprise Service Builder as well as 

Integration Builder. However, is has to be highlighted that both components only comprise data necessary 

for the communication processes over the SAP PI system. For instance, unused interfaces provided by 

applications are not considered and thus missing. 

These aspects are also valid for nearly all the components of the SLD which have to be provided but 

mostly are limited to collaborative processes specified in SAP PI. Nevertheless, SAP PI also contains 

optional fields, as already mentioned several attributes, whereby especially the provision of operating 

systems is of relevance for the purpose of this work. However, this problematic is limited as the data 

regarding the computer system and especially the operating system are automatically inserted and kept 

up-to-date in the case of the SAP Web Application Server ABAP ( Web AS ABAP) as well as the Web 

Application Server Java (Web AS Java)[20]. Moreover, the interviews have shown that companies are 

endeavored to specify such information, whereby in the case of systems located at other companies these 

information can be missing or only default values are provided. However, such incidents are characterized 

as isolated cases by the consultants interviewed. This is confirmed by the survey, in which for each data 

type stored in the SLD more than 74% of the respondents agreed to “elements are complete” or “elements 

are complete with some exceptions”. Regarding the SAP products this value even achieves 100%. 

Moreover, although the SLD is expected to contain data about the entire system landscape the 

interviewees highlighted that only information necessary for the communication relations are considered 

anyway which is underpinned by the survey (see Figure 16). Most respondents (at least 76 %) stated that 

all data types except the SAP technical systems as well as the SAP products are only considered in the SLD 

system insofar as they are of importance for the collaborative process with some exceptions. The SAP 

products and systems are an exception whereby probably the reason is the fact that these components are 

automatically inserted and updated in an available SLD system. 
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FIGURE 16: ELEMENTS STORED WITHIN THE SYSTEM LANDSCAPE DIRECTORY 

Free-of-Error 

As already mentioned data can be complete but not accurate. In the context of the interviews it has been 

shown that the data of the Enterprise Service Builder as well as the Integration Builder are nearly error-

free due to the mandatory characteristic and the consequences in the case of errors. With respect to the 

second aspect of the definition “reflect the real world” also orphaned data and their treatment by 

companies were analysed. Out-of-date data pose another problem. In particular, this includes elements 

which are still saved in the SAP PI system but not used in practice anymore. However, they are considered 

during a transformation and thus yield to a faulty reflection of the world. For all components the 

companies have been asked when the organization is likely to delete the objects which are out-of-date. 

Concerning the System Landscape Directory, 76% claimed that old data are deleted within one year and 

shorter and only 24% stated a time interval longer than one year. Within a survey conducted by Farwick 

et al. [8] the respondents reported that an actuality within weeks (48%) or up to six months (31%) is 

appropriate. While in 76% of all cases the delete interval is equal or even shorter than 6 months, no 

participant stated an interval shorter than one month. In contrast, for the Enterprise Service Repository 

only 15% claimed an interval shorter than six months while 56% reported that the data in the Integration 

Builder are deleted within six months, 21% agreed even to “0-1 month”.  

In contrast, the possibility exists that the optional fields of SAP PI contain faulty values, whereby in the 

present case the focus lies on third party systems and operating systems. With respect to the software 

catalogue, official software components and software products are updated automatically so that they can 

be seen as nearly free-of-error. Third party elements have to be specified manually and the accuracy 

depends on the company. However, within the survey all data types were evaluated as either accurate or 

accurate with some exceptions by more than 78% of the participants (Figure 17), in the case of SAP 
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products the proportion even reaches 100% and thus underpin the aforementioned considerations. 

Nevertheless, in order to use the process within a company it makes sense to analyse the third Party 

software products as well as third party Technical systems as in both cases 22% reported that that 

information is commonly faulty. 

 

FIGURE 17: CORRECTNESS OF DATA IN THE SYSTEM LANDSCAPE DIRECTORY 

Actuality 

The actuality of data is relative and highly depends on the expectation of the company and its decision-

making processes. In this context three aspects are of particular interest: 

· When are changes to the system as well as application landscape taken into account? 

· When are decaying data deleted? 

· Which events play an important role regarding the first two questions? 

The interviews have shown that nearly all elements are inserted when they become necessary. This 

applies in particular to the Enterprise Service Builder as well as Integration Builder. Even though the SLD 

system is considered as the central information source about the system landscape most respondents of 

the survey stated that all data types except the SAP technical system as well as the SAP Products are only 

considered in the SLD system when they are important for the collaborative process with some 

exceptions.  
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Summarization 

To sum up, the SAP PI data have a high quality level regarding the dimensions investigated. However, 

commonly they are restricted to elements involved in the collaborative processes. Moreover, elements 

such as operating systems and third party systems have to be investigated individually as their quality is 

dependent on the company. 

4.3 COMPARISON OF SAP PI AND ENTERPRISE ARCHITECTURE MODELLING 

LANGUAGES 

Based on the formal description of the SAP PI data (see Section 4.2) and the findings from the EA 

information coverage of a general enterprise service system according to selected, widely accepted 

definitions, (see Section 2.1) in the following a detailed comparison between the EA information demand 

and the information provided by SAP PI will be done.  

To this purpose in the first stage requirements regarding the comparison will be defined (Subsection 

4.3.1). Which information is required within an Enterprise Architecture is specified by the information 

model given, whereby an examination of literature reveals that an enormous number has been developed 

in an attempt to reliably describe the EA[25], [32], [26]. In order to reduce the effort three of them 

considered to be representative have been chosen and linked with the SAP PI information provided. This 

includes ArchiMate [25] (Subsection 4.3.2) as a general EA framework, CySeMoL [26] (Subsection 4.3.3) 

as a specific EA framework focused on IT security as well as the underlying information model of 

planningIT [79](Subsection 4.3.4) as an EA Tool which is widely used in practice. 

4.3.1 REQUIREMENTS FOR THE COMPARISON 
A successful generation of EA data models based on SAP PI data is determined by two aspects: the 

information coverage as well as the information quality. The first one specifies which information can be 

reconstructed, while the second one makes statements on their usefulness from a company’s perspective. 

Consequently, the comparison will be focused on both aspects, whereby in the following they will be 

discussed in greater detail and corresponding dimensions are identified. 

Information coverage  

In the present case information coverage is understood as the extent to which the EA information 

demanded can be determined based on an “ideal” SAP PI, which means that qualitative dimensions such 

as completeness (regarding the data inserted) and erroneous are considered satisfied and therefore 

neglected. Thereby two “directions” can be distinguished: information coverage in depth (To what extent 

can a specific EA element instance be reconstructed) and in broad (Which instances of an element type 

can be reconstructed?). 

With respect to one unit of the SAP PI as well as an EA information model given several cases can be 

distinguished which are shown in simplified and schematically terms in Figure 18 (depth): 

1. Completely uncovered, demanded EA information: This includes all the elements and 

relationships of the EA information model which are required but not covered by the data 

provided by the SAP PI system.  

 

2. Unused SAP PI information: As the SAP PI data are saved in great detail in order to achieve 

flexibility not all information faces an EA information demand or meets the requirements due to 

an inappropriate granularity. However, this information plays a subsidiary role as the focus of 

this work lies on a unidirectional transformation, which means only the creation of EA data 
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models is considered while the reverse is abstracted. Special importance is only awarded to this 

topic as some SAP PI information has to be reflected in the EA information model instances. For 

instance, in case of use of an SAP PI system business systems are an essential component for the 

understanding of the IT structure within the company, which has been confirmed by the 

interviewees. Consequently, they have to emerge from the models. 

 

3. Information coverage: The last category includes all the EA information units which can be 

determined based on the SAP PI data. Thereby different stages for which an EA element can be 

reconstructed are distinguished. This can range from a complete determination over only some 

hints for the existence until no information (case 1) regarding the EA unit.  

Case 1 and 3 show that from the perspective of one EA information unit (entity as well as relationship) 

different stages of reconstruction can be distinguished: (1) no information available, (2) hints but not 

enough for a complete reconstruction and (3) complete reconstruction. In the following this dimension 

shall be referred to as conformance, whereby it is not viewed as to be discrete but continuous as the 

definition of categories is difficult due to the broad range of possibilities. 

While previously the information coverage was discussed from a depth perspective a second question 

arises: Which instances of an EA element can be determined? For example, all the information for an EA 

application might be derivable from the SAP PI data but only applications taking part in the 

communication processes are registered at the ESB. This last aspect which considers information 

coverage in broad instead of depth shall be called completeness.  

 

FIGURE 18: AREAS OF INVESTIGATION WITH REGARD TO INFORMATION COVERAGE 

Transformation Quality 

The usefulness of EA models regarding supporting decision-making processes on enterprise wide issues 

highly depends on their quality [4]. Accordingly, the quality of the EA information derived based on the 

SAP PI data has to be investigated clearly. A first analysis has already been done in Subsection 4.2.2, which 

is the basis for the following detailed examination and the answer to the question of the effects of the 

underlying data’s quality on the EA models created. Thereby the focus lies on the same set of attributes 

with the exception of formal representation playing no role for the following considerations: 

Completeness 

In contrast to information coverage considering completeness as the extent to which an ideal SAP PI 

system can provide EA information, with respect to quality this dimension is concerned with the effect of 

incomplete SAP PI data on the EA models created.  
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Free-of-Error 

In the present case accuracy is defined as the extent to which the EA models are free of errors and 

inconsistencies. 

Actuality: 

For a robust decision-making it is necessary that data providers deliver data which are adequately up-to-

date under the given circumstances [78]. Thereby the timeliness highly depends on the customer 

expectations. As already mentioned, according to Farwick et al. [54] the optimal actuality that is 

demanded in practice lies between one month and half a year.  

4.3.2 ARCHIMATE 
ArchiMate is an open and independent modelling language supporting the description, analysis and 

visualization of Enterprise Architectures within and between business domains in a unique way. In 2009 it 

was officially launched as the standard of the Open Group. In contrast to other modelling languages such 

as UML 2.0 [80], the focus lies on a holistic view on the organization, whereby details are abstracted. In 

this connection the first main difference become clear regarding the objective of the tool SAP PI which 

tries to describe the communication relations in detail for an automated execution and the concept 

Enterprise Architecture neglecting implementation details and focusing on a high abstraction level. This 

gap regarding the granularity of data has to be appropriately addressed within the comparison and 

transformation.  

The core of ArchiMate contains only concepts and relationships necessary for general architecture 

modelling [25]. Accordingly, elements have only one attribute, their name. With respect to the 

transformation this means that for each EA element only two aspects have to be determined based on the 

SAP PI data: 

- The existence 

- An appropriate name 

Consequently, the name is therefore crucial as it has to reflect the element’s peculiarity and individuality 

in an appropriate way. As a result the existence as well as the observation of data naming conventions 

comprising rules for choosing a sequence of letters is a key success factor for the usefulness of the models 

created. 84% of the participants within the survey declared that data naming conventions exist and are 

followed either willingly or by enforce. In this thesis the official best practice [81] defining naming 

conventions for objects in the system is taken into account as the process has not been developed for a 

specific organization.  

In addition, ArchiMate has the aim to be a lightweight and scalable language in several aspects not focused 

on one industry branch but achieving generally accepted status in practice as demonstrated by the fact 

that the definitions are rather general than specific [4]. In contrast, in order to assess the information 

coverage between SAP PI and its information model the demand for a specific description of the 

information needed at all lay in the nature of the subject matter itself. Therefore in some cases clear 

statements about the conformance aspect cannot be made and highly depend on the circumstances and 

interpretation of the organization. This highlights the requirement on a flexible process to allow for easy 

adaptions. 

Within the scope of ArchiMate the architecture of an organization is placed into three main layers: 

business layer, application layer and technology layer containing the same concepts and relations which 

are only distinguished in terms of granularity and level of details [82]. In the following the comparison 

will be done separately for the layers and different concepts. The analysis in Section 4.2 has shown that in 
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particular application aspects are provided by SAP PI so that the application layer will be investigated 

first. Afterwards the technology layer will be considered and finally the business layer will be analysed.  

4.3.2.1 APPLICATION LAYER 

The application layer contains all elements in the area of software applications and their interrelations. An 

overview of the elements, their relationships and above all their classification according to the three main 

concepts can be found in Figure 19.  

 

FIGURE 19: ARCHIMATE – APPLICATION LAYER INFORMATION MODEL 

Structural Concepts 

The core element of the application layer is the application component which is specified as a “modular, 

deployable and replaceable part of a system that encapsulates its contents and exposes its functionality 

through a set of interfaces“[66]. According to the definition the component is characterized by three 

attributes: modular, deployable as well as replaceable. Regarding SAP PI corresponding information about 

the software components installed in the system landscape can be found in the System Landscape 

Directory whereby as already mentioned a distinction is made between software products (SP) and its 

atomic parts software component versions (SCV) leading to the question which one fits the characteristics 

of an application component most. According to SAP both components can be seen as modular and 

replicable, while software components versions are interchangeable in the context of software products. 

However, SCVs are not deployable. This requirement is only placed on the software product. Nevertheless, 

the online specification also highlights that application components are associated with interfaces, services 

and data objects exchanged [66]. Within the scope of SAP PI this assignment is done for software 

component versions which can be viewed as the central element for the message exchange logic. For this 

reason, installed software component versions instead of installed software products shall be mapped 

onto application components while the name is adopted. As the quality assessment has shown that the 
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SCVs can be seen as truthfulness this also applies to the corresponding EA elements which however are 

restricted to application components taking part in collaboration processes managed by the SAP PI system. 

Apart from one application component ArchiMate also introduces the concept of application collaborations, 

a temporary configuration of two or more components in order to perform a higher functionality [66]. In 

the context of SAP PI several elements exist, which can be viewed as the interaction of software 

component versions. One of them is the integration process describing the coordinated message exchange 

between several applications in order to perform functionality. Consequently, the applications concerned 

within an integration process together form one application collaboration, whereby the naming after the 

integration process is questionable and depends on the naming conventions. According to the best 

practice the name of the integration process expresses the behavioural aspects which are suitable for 

application interactions representing the behaviour of an application collaboration but not for the 

structural element. Nevertheless, at this point the problem shall only be highlighted and due to the 

missing alternative the name is adopted.  

Moreover, business systems are also comprised of software products, whereby this can be seen rather as 

an aggregation of application than as an interaction. According to the official specification business 

systems represent logical units sending as well as receiving messages. The main idea behind is the 

abstraction of underlying technical details so that the collection of software products is directed by 

technical and not by functional aspects as requested. This is underpinned by the choice of names proposed 

by the best practice:” <Location | Organizational Area>_<Stage> “ [81] considering 

locational/organizational instead of functional characteristics. Nevertheless, the expert interviews have 

shown the central significance of business systems to the company’s understanding of the application 

landscape. Consequently, they have to be taken into account in ArchiMate EA data models why the 

drawback is taken into purchase so that each business system is mapped onto one application 

collaboration element having the same name.  

The last structural element is the application interface specifying the access to the underlying service, 

whereby in a broader sense an Interface defines the behaviour provided by the component [66]. The SAP 

PI counterpart is the enterprise service interface which according to the official documentation defines a 

set of operations (functionality) of a service in a platform independent language [83]. Therefore each 

enterprise service interface is mapped on one application interface, taking the same name. The elements 

created can be viewed as reliable and useful as the underlying enterprise service interfaces are mandatory 

fields. The application interface is linked with the application component via two associations. While the 

relationship between application components and its application interfaces is equal to the one between the 

software component versions and the corresponding enterprise service interfaces, the determination of 

which application component invokes which Interface or which software component version invokes 

which enterprise service interface is implicit in the routing information: receiver determination as well as 

interface determination. While the former specifies the possible target communication components based 

on the source, the later details the target by providing the interface. This evaluation has to take place in 

the context of the transformation. 

Behavioural Concepts 

The behavioural concept makes a distinction between internal and external visible functionality. An 

application functionality belongs to the former and is defined as a coherent unit of functionality of an 

application [66]. From the perspective of an ESB in general and SAP PI in particular only information 

about the external provided services are available in the form of interfaces so that no statements about the 

internal processes or the way the services are realized within the application concerned in the 

communication processes can be made.  
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In contrast, application service models the external visible functionality provided by an application 

component. As SAP PI is an operative system and accordingly the data are used for processing instead of 

modelling and describing, the focus lies on structural aspects such as interfaces and components. Therefore 

no specific elements describing the behavioural aspects are stored but are available rather indirectly in 

the interfaces and their description of operations which can be used as indicators for the functionality 

provided. Even though the operations include all the information of the service, it is questionable whether 

the operations can be aggregated to specify the service which can be seen as the description of 

functionality on a higher level. Moreover, as already mentioned the service is only described by the name 

which from an automated point of view cannot be determined without context information. 

Another clue is the name of the application interface which according to the best practices [81] is 

structured like: <Business Object><Interaction Activity>_ <Direction> such as PurchaseOrderProcessing_ 

Out. As under this assumption the name describes the functionality provided it can be used for the 

creation of a service element. However, this approach is accompanied by the disadvantage as each 

interface is associated with exact one service, but in practice a service is exposed to the environment by 

several interfaces. Consequently, a service cannot be determined unambiguously and thus although 

information regarding this element are available this possibility of utilization shall be refrained. 

Unlike the beforehand element describing functionality for one component an application interaction 

models the functionality performed by an application collaboration, which means a (temporary) 

configuration of at least two SAP PI components. Previously, two elements have been figured out to be 

mapped onto application collaborations: business systems as well as integration processes. Thereby, the 

former is mostly only a collection of applications from a technical perspective and thus does not have a 

behavioural unit in accordance with ArchiMate. In contrast, the latter describes the interaction of 

applications in order to perform functionality and thus meets the application interaction characteristics. 

After the existence aspect has been clarified an appropriate name has to be found describing the 

functionality in a suitable way which is of particular importance as ArchiMate abstracts from details like 

the Business Process Execution Language (BPEL) description. If the best practice [81] is followed, an 

integration process is named like: <Business Object><General Action> representing the functional aspects. 

Informational Concepts 

The informational concept consists only of one element, the data object defined as “a coherent, self-

contained piece of information suitable for automated processing” [66]. A division of this definition into its 

components shows three requirements: coherent, self-contained and automatically evaluated. All of them 

are met by SAP PI data types which are formally defined by XML to be used within an automated 

processes (automatically evaluated), complete in itself (self-contained) and coherent from the developer 

perspective. ArchiMate goes on to say that a data object has to be meaningful and clear from a business 

perspective which is highly dependent on the name chosen. According to the best practice [81] data 

objects shall be named after the corresponding business object. Although the interviews have shown up 

that companies try to follow this policy it has to be validated in each individual case.  

4.3.2.2 TECHNOLOGY LAYER 

The technology layer comprises the aspects of the underlying infrastructure including computer- as well 

as communication-hardware providing services for the application layer. An overview of the elements, 

their relationships and in particular a classification according to the three main concepts is shown 

inFigure 20. 
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FIGURE 20: ARCHIMATE TECHNOLOGY LAYER INFORMATION MODEL 

Structural Concepts 

At the core of the Technology layer there is the node, a computational resource upon which artefacts can 

be deployed for execution [84], whereby two special cases are distinguished: a device modelling a physical 

computational resource as well as a system software, describing the behaviour of the device and thus is 

investigated more clearly in the next paragraph.  

The corresponding element to the device on the SAP PI data model is the computer system which can be 

mapped one-to-one onto one device element. Unfortunately, this brings some disadvantages. On the one 

hand, SAP PI allows to define virtual hosts [85] so that the corresponding physical computer system may 

appears multiple time in the ArchiMate EA data model instance, under different names . On the other 

hand, although computer systems have to be specified in each case, their data can be faulty due to the 

minor importance for the communication process. In particular, this applies to the provision of external 

third party systems as Web AS Java and Web AS ABAP automatically insert the data of their underlying 

computer system and keep them up-to-date if they are connected to the SLD. Nevertheless, in the present 

case only the name is of significance and the interviews turned out faulty and senseless values seem to be 

an exception.  

Analogous to the application layer the infrastructure components provide services, whereby 

corresponding interfaces describe the point of access to the functionality available for other nodes as well 

as application components. This includes for instance clients such as Oracle Client allowing to connect to an 

Oracle Database. From the perspective of the SAP PI system such information concerning the access to the 

functionality are not available for the software component versions and system software like databases as 

well as operating systems but only for the special case, the SAP PI system itself. For instance, whether a 

database can be accessed by a Webservice, JDBC or only a specific client does not appear from the 

available data. 

The relationships between nodes are modelled by communication paths and networks. While the former 

describes a logical relationship between two elements information can be exchanged over, the latter 

defines the physical communicational medium. With respect to the SAP PI System the integration server is 

the central point receiving, processing and sending messages to the target system. Accordingly, each 

invocation of a service comprises two communication paths, one between the service client and the 

integration server and the other one between integration server and service provider. As this type of 

information is crucial for the functioning of the SAP PI system it is classified as actual, accurate and 

complete accordingly. In contrast, the underlying physical mediums implementing the communication 

paths are abstracted in SAP PI so that no statement can be made regarding this topic. 
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Behavioural Concepts 

In contrast to the application layer, internal behaviour is abstracted here and only external visible 

functionality is described in the form of infrastructure services. Analogous to the infrastructure interfaces, 

services of the underlying computer as well as communication hardware are neglected within the scope of 

SAP PI. For instance, the functionalities provided by Windows 7 are known by the application installed on 

them but are not of relevance for the functioning of SAP PI. 

As a special feature of ArchiMate system software belongs to the behavioural concepts but not to the 

structural concepts. Thereby it is defined as a software environment for specific types of components and 

objects that are deployed on it in form of artefacts [84]. A subset of system software installed in the system 

landscapes is registered at the System Landscape Directory, whereby the following elements can be 

identified: 

- Operating Systems: As the operating system belongs to the optional fields, whose specification is 

not mandatory, the information provided can be faulty, out-of date or missing. Nevertheless, this 

only applies to third party systems as Web AS Java and Web AS ABAP automatically insert the 

information of their underlying OS and keep the data actual. More over the interviews have 

shown that the companies try to keep this information regarding their own system up-to-date and 

accurate. Only in the case of external third party systems such information cannot be provided or 

default values are used due to missing knowledge. 

- Database Systems: In addition, information about database systems installed in the application 

landscape can also be gained based on the SAP PI data. While Web AS ABAP and Web AS Java 

automatically insert their database systems in the SLD and keep them up-to-date and accurate, in 

the case of third party systems this is done in the case of use. Accordingly, the data can be 

classified as trustworthiness regarding the quality dimensions specified.  

- Technical Systems: According to the SAP PI system technical systems provide an environment of 

software products and thus can be seen as system software (with the exception of computer 

systems which are hardware and standalone java applications). As the elements belong to the 

mandatory fields and only the name is of relevance regarding ArchiMate the quality of the EA 

elements generated can be classified as high considering the dimensions defined.  

Informational Concepts 

On the technology layer the information concepts comprise only one element, the artefact, defined as “a 

physical piece of information that is used or produced in a software development process, or by deployment 

and operation of a system” [84]. Commonly, this includes source files, executables, scripts, database tables, 

messages, documents, specifications, and model files. The official documentation goes on to say that “an 

instance (copy) of an artefact can be deployed on a node” [84]. Accordingly, an artefact can be seen as a self-

contained independent piece of information being deployable. This applies to all files imported by the SAP 

PI components such as WSDL files for interfaces, BPEL files and XML files. However information about 

artefacts the application components are realized by is not available. 

4.3.2.3 BUSINESS LAYER 

The business layer captures organizational aspects such as products and services offered to external 

customers as well as elements referring to internal business functionality like business processes. In 

Figure 21 the elements and relationships are shown classified according to the main concepts of 

ArchiMate: structural concepts, behavioural concepts and informational concepts. 



Relating SAP PI with Information Models 

59 
 

 
FIGURE 21: ARCHIMATE - BUSINESS LAYER INFORMATION MODEL 

The issue to determine business aspects using an ESB has already been raised during the general 

assessment in Section 4.1 which is also true of SAP PI as is yet shown later. The main reason for this is the 

fact that SAP PI is an operative system acting on application layer. However, considering SAP PI as the 

implantation of business aspects emphasizes the idea that business information is implicitly contained in 

the SAP PI data and the question, whereby its reconstruction is open. 

Informational Concept 

According to the official specification the purpose of the informational concepts is to link the operational 

side, on the one hand, with business goals and, on the other hand, with products supplied by the company 

[65]. The main idea behind is that the concept information is related to communication and serves a 

specific communication goal. Consequently, the elements can be divided into three groups: information 

carrier (business object, product and contract), representation of the information carrier (representation) 

as well as elements describing their communicative goals for instance by expressing their informative 

value (meaning and value). 

The central information carrier is the business object, which is understood as “a unit of information 

relevant from a business perspective“ [65]. With respect to the granularity ArchiMate mentions that this 

includes the most important “informational“ or “conceptual” aspects the organization thinks about a 

domain. As already mentioned, the best practices data naming conventions make the data types used to be 

an important indicator for the identification. Although also message types and fault types are available 

they are only used as a root elements for the xml specification and thus do not contain additional 

information commonly [86]. For instance, according to the best practices the name of a message type is a 

combination of the business object represented and the sending direction (request, response). The data 

type in itself is too fine-granular to be seen as a business object. However, as already mentioned data types 

shall be named after the corresponding business object they implement. Unfortunately, organizations often 

use combinations between business objects and attributes such as FlightID, whereby from an automated 

perspective it is difficult to derive the business object based on this name.  
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A product describes a “coherent collection of services, accompanied by a contract/set of agreements, which is 

offered as a whole to customers” [65]. Thereby, a service can be either an application service or a business 

service. As both concepts are not clearly determinable (the latter is shown later) and additionally an 

automated aggregation of services going together into products is not possible without context information 

products cannot be identified based on the SAP PI data. The same is valid for contracts, which means 

agreement covering the rights as well as obligations associated with products. 

The perceivable form of a business object is represented by representation elements (e.g. messages or 

documents). Under the assumption that data types are considered as the implementation of business 

objects on the application layer statements regarding the representation within the scope of the 

communication processes can be made based on the adapters and the transport protocols used. This 

includes for instance E-Mail, IDOC, etc. For new adapters context information on the exchange format has 

to be provided as it cannot be determined automatically. 

The last category is made up of two elements meaning and value, whereby meaning can be viewed as the 

informative value. Thereby both elements describe the perceived value by stakeholders of business 

objects (meaning) and products (value) by what both elements cannot be determined based on the SAP PI 

data. 

Structural Concept 

The structural concepts deal with the static structure of organization and their composition of entities, 

while a distinction is made between passive and active entities. The latter includes subjects performing 

behaviour within the company, while the former comprises entries affected by such behaviour such as 

business processes and business functions.  

Among the active elements defined by ArchiMate there are business actors and business roles associated. A 

business actor in this context means an organizational unit, person or department which is able to perform 

behaviour. With regard to the SAP PI data model only one corresponding element exists, a party, 

representing a larger unit, which is involved in a collaborative process. Commonly, organizations are 

modelled, which according to ArchiMate’s specification seems to be too coarse granular. Nevertheless, this 

information is of particular significance as for instance the effects of changes to the application as well as 

system landscape on customers or suppliers are essential for decision making. Consequently, the 

definition is interpreted much broader and a party is mapped onto one business actor. Information about 

business roles nonetheless cannot be gained, which is also true of business collaborations, temporary 

configurations of two or more business roles.  

The access to the functionality provided by business roles is modelled by business interfaces which for 

instance include E-Mails, Web-Form, etc. The author assumes that especially in cases of cross-company 

relations information about business interfaces are implicitly included in service interfaces and adapters, 

for instance the access to functionality by sending an E-Mail. However, as already mentioned SAP PI 

includes predominantly IT information, whereby its linkage to the corresponding business aspects is 

problematic especially when this should happen automatically. For instance the following questions 

cannot be answered without additional context-information: 

1. Which application interface is directly connected to a business service and thus can be seen as a 

business interface, too? 

2. Which application interface corresponds to exactly one business interface?  

3. If a business interface is represented by several application interfaces, first how can they be 

determined and second how can they be aggregated in order to gain the underlying business 

interface? 
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At this point it is shall be highlighted that the information is basically available, but from a technical 

perspective and this on a lower granularity level which makes it unusable in the present case. 

Behavioural Concept 

Analogous to the application layer on the business layer a distinction between external visible (business 

services) and internal visible functionality (e.g. business process and business function) is made. 

At the core of the modelling of external visible functionality there are business services, "a coherent piece of 

functionality that offers added value to the environment and is realized by business behaviour (business 

process, business function, or business interaction) “ [65]. Similar to application services such information 

are not directly saved in SAP PI but can be viewed as implicitly available in the enterprise service 

interfaces defined. Consequently, the question arises in which cases an enterprise service interface 

represents a channel of access regarding a business service.  

According to ArchiMate’s specification an enterprise service interface is definitely an application interface 

(see the discussion concerning the application layer) whereby it is mentioned that a business service can 

also be exposed by an application interface especially in the case when business processes are fully 

automated [87]. However, it is unclear how to distinguish between interfaces describing the access to an 

application service and interfaces which additionally expose a business service. Moreover, the identification 

of the underlying business service itself and the derivation of an appropriate description/name also are 

open and pose problems. Consequently, although information about business services is included in 

application interfaces their automatic identification/determination is not possible without additional 

information. 

To model internal behaviour a wide range of elements is provided, whereby it is distinguished between a 

process (business process) and a functional view (business function). Thereby a business process is 

understood as “a unit of internal behaviour or collection of causally-related units of internal behaviour 

intended to produce a defined set of products and services” [65]. In the sections before the integration 

process and its characteristics have already been mentioned more than once and in particular the fact 

highlighted that in literature it is often related to the concept of business processes [12], which leads to the 

question whether an integration process represents a business process rather than an application 

interaction. Of course, integration processes are involved in the creation of products and services but this 

also applies to application interactions. The main aspect for discrimination between both concepts and 

classification lies in the view on integration processes and the fact whether thereby a technical or business 

focus is followed. According to SAP PI they are cross-system processes for processing messages, whereby 

all process steps that are to be executed and the parameters relevant for controlling the process are 

specified using BPEL [88]. The definition has a clear technical focus and neglects the aspects to follow an 

overall goal. Due to the last point integration processes can range from complex sequences to simple 

activities not directly related to the products and service offered to the customers. As this distinction 

cannot be made properly without context information in present process business processes are not 

created. 

In contrast to business processes business functions group related behaviour units according to selected 

characteristics such as required skills, knowledge, resources, etc. [66]. Ultimately, business processes as 

well as business functions can be seen as a collection of activities according to different rules. A 

corresponding differentiation is not possible based on the SAP PI data.  

Behaviour performed by more than one business role is represented by business interactions. As business 

roles as well as their collaboration cannot be determined based on the SAP PI data, accordingly this is also 

valid for the behavioural aspects, business interactions. 
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4.3.2.4 SUMMARY 

The prior comparison has shown that the quality of SAP PI regarding the derivation of an ArchiMate EA 

data model has to be assessed differentially. While several of the elements on the application as well as on 

the technology layer can be reconstructed only very few business aspects are determinable.  

Due to the characteristic of SAP PI to be an operative system and thus to store predominantly data for an 

automated processing (with the exception of some pure modelling elements such as business scenarios) 

accordingly especially structural aspects such as interfaces, devices and software applications can be 

derived. Nevertheless, it has become clear that although behavioural aspects are not directly specified 

their information is implicitly contained in the structural elements and their naming. Thereby, this highly 

depends on the data naming conventions specified and the extent to which they are followed. However, 

internal information of atomic components such as applications and devices are invisible from the SAP PI 

perspective.  

With regard to the business layer SAP PI only offers a reliable determination for business objects. Even 

though SAP PI can be considered as the implementation of the business layer and business aspects are 

reflected within the data especially regarding the naming (assuming the best practice is used), it only hints 

to the existence of elements which, however, cannot be reconstructed faultlessly.  

The high quality of the underlying data is also reflected in the quality of the corresponding EA information, 

whereby only completeness regarding information coverage can be seen as problematic as only elements 

are registered at SAP PI involved in the collaborative processes. Furthermore apart from the quality 

dimension the data naming conventions are a crucial factor for the usefulness of the EA data models 

created based on the SAP PI data as the core concept of ArchiMate only considers one attribute, the name, 

which has to describe the elements’ peculiarity and individuality. A study, conducted by Figaf, shows that 

60 per cent of the participants attach high importance to naming convention whereas only 10 per cent 

tend to look at them from a negative point view as data naming conventions could possibly slow down 

development [89].  

In Figure 22 a summarization of the results can be found, whereby the coloured classification is done 

according to the dimension: conformance. Depending on the markedness the elements are divided into 

three categories: 

- Green: Elements/Relationships which can be completely or almost completely reconstructed 

- Yellow: Elements/Relationships whereby first hints on them can be determined based on SAP PI 

but a complete reconstruction is not possible, e.g. as the data are too fine-grained, or highly 

depends on the organization, e.g. data naming conventions 

- Red: Elements/Relationships no information provided about 

However, it shall be highlighted that the element being able to be reconstructed are restricted to the 

elements involved in the collaborative processes (completeness). 
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FIGURE 22: ARCHIMATE INFORMATION MODEL CLASSIFIED ACCORDING TO THE DIMENSION CONFORMANCE 
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4.3.3 CYSEMOL 

In contrast to ArchiMate comprising only aggregated information on a high abstraction level within and 

across the layers of the enterprise which is conform with the general view on the EA information content 

[34], CySeMoL is focused on the specific goal to support decision makers in the area of IT security [26]. 

Therefore an abstract Probabilistic Relational Model is proposed which, on the one hand, includes a set of 

abstract classes, attributes and interrelations and, on the other hand, a Bayesian network describing the 

probabilistic relations between the attributes [26]. Due to the abstract definition of the meta model the 

elements are not intended for a direct instantiation but a specialization is needed. With regard to the 

objective of the thesis, the focus lies on the information demand of CySeMoL and thus on the information 

model defined. As the abstract meta model, on the one hand, is to too broadly defined and, on the other 

hand, concrete model instances shall be created the concrete information model proposed in [26] (see 

Figure 23)is used as it includes more tangible concepts like intrusion detection system, firewall, data flows, 

etc. 
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FIGURE 23: CYSEMOL – CONCRETE INFORMATION MODEL 

In the following the information demand of CySeMoL elements as well as their relationships will be 

compared with information provided by SAP PI. Thereby the elements will be regarded separately 

according to the classes they are directly inherited of. 

4.3.3.1 ASSET 

Assets are components of an organization threat agents aim at. The added value of SAP PI clearly lies in the 

possibility to determine such information, e.g. software installations, protocols used as well as network 

information. Thereby within this work the assets are divided into three categories according to the aspects 

they model: network components, network elements and organizational elements. 
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Network Components-Storage mediums 

Data stores are understood as places where data can be saved e.g. relational databases, file service or a 

real time database. Within the scope of SAP PI database systems are also specified especially in the case 

when there is a need to store data within communication processes. Consequently, the provision of 

database systems can be seen as accurate and complete, which is underpinned by the fact that Web AS 

Java and Web AS ABAP automatically insert this information into the System Landscape Directory. With 

respect to the actuality dimension it has to be mentioned that the data are usually specified in SAP PI not 

until they are needed within the communication processes. 

Network Components-Software 

At the core of CySeMoL’s software concept is the software product which is used to install software and 

thus can be seen as software in its original state without updates and patches. Regarding the SAP PI data 

model this characteristic applies to software products representing software applications which can be 

installed in the system landscape. However, as with application components in ArchiMate (see Subsection 

4.3.2) the question arises whether in the present case software component versions or software products 

are more suitable. Due to the focus on the installation aspects and the fact that SAP PI specifies the 

software products to be deployable in contrast to ArchiMate, CySeMoL’s software products are created 

based on the software products listed in the System Landscape Directory.  

An installation of a CySeMoL software product is modelled as a software installation which can be altered 

and updated with patches. An appropriate element describing the installation of a SAP PI software 

product on a system is also found in the SAP PI data model, software product Installation. A problem is 

thereby the determination of alteration and patches/updates which directly influence the security aspects 

and their quantification. While official support packages can automatically be updated in the Software 

Catalogue and their installation is also noted in the System Landscape Directory, updates beyond and in 

particular patches regarding third party systems cannot be gained based on the SAP PI data.  

A subclass of software installation is operating system, which corresponds to the element operating system 

of the SAP PI data model. As already mentioned this attribute is not a mandatory field but optional and 

consequently not necessary for the communication processes. Nevertheless, in the case of Web AS Java 

and Web AS ABAP the information about the underlying OS is inserted automatically in the System 

Landscape Directory and is kept up to date if a connection between both systems is established. Moreover, 

the interviews have shown that organizations endeavoured to specify this information. 

Apart from operating systems according to the behaviour two further specializations of software 

installation exist: application clients using services and services providing services. A corresponding 

decision regarding SAP PI can be made based on the types of interfaces, inbound and/or outbound. 

Thereby an outbound interface which describes the functionality an application requires from its 

environment indicates an application client whereas an inbound interface representing the functionality 

provided to the environment can be interpreted as indicator for a service. An open question emerges 

regarding components having both, inbound as well as outbound interfaces. In this case two CySeMoL 

instances are created for one software product, one for the service part and a second for the client aspect. 

Network Components - Security 

An access control point (ACP) is understood as a place where the access to software installations is 

controlled including the evaluation of users’ credentials and privileges as well as granting or denying 

access [26]. In this context it has to be highlighted that ACPs manage the access of humans and not virtual 

users for instance representing a computer system. As such information is not necessary for the tasks of 

SAP PI and thus neglected only a specific control point controlling the access to the SAP PI itself is visible. 
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By and large, ACPs cannot be derived based on the SAP PI without contextual information. This is also 

valid for the authentication mechanisms binded.  

Network 

The category network includes all elements of CySeMoL around the topic interrelations between the 

network components.  

A collection of hosts directly interconnected by communication channels is represented by a network zone. 

As within the scope of SAP PI only communication relations over the integration server are known subsets 

of hosts which are directly linked to each other cannot be identified without context information. 

This is also valid for network interfaces which are defined as network gateways controlling the access to 

the network and implemented through a firewall. Since on the hand firewalls are invisible for the SAP PI 

system as they control the communication between the components but are not registered at the ESB and, 

on the other hand, networks cannot be identified, such information is not derivable from the SAP PI data.  

The communication relationships within the networks are modelled by data flows. As within the ESB all 

the data are exchanged over the Integration Server this component can play different roles with differing 

impact regarding the CySeMoL EA data model created:  

1. The Integration Server can be considered as a software installation causing the data flows to run 

over the server so that end-to-end relationships are not visible. 

2. Alternatively, it can be viewed as a communication medium analogous to a switch or a router 

which are not taken into the modelling of the data flows. 

The former role is of advantage as possible targets of attacks become clear. In particular, the Integration 

Server can serve as a starting point for several attacks such as replay messages and man in the middle 

attack. The second one is especially useful when the effects of attacks shall be investigated, which means 

for instance in the case of a man in the middle attack which services and clients are affected. As the focus 

of CySeMoL lies on the prediction and estimation of cyber security level instead on the consequences of 

attacks in the present case the Integration Server is modelled as a Software Installation.  

The communication between applications is determined by protocols, a set of rules specifying the way 

information is exchanged. This can range from transport protocols (HTTP) over message protocols (ICMP) 

to security protocols (HTTPS) whereby a protocol can also accomplish multiple tasks. With respect to SAP 

PI a corresponding starting point for their identification is the adapter converting the external transport 

and message protocols into the PI format. Thereby, concrete information about the security level achieved 

must be supplied externally for instance the characteristics of HTTPS. 

Apart from virtual aspects CySeMoL also addresses the necessity of considering physical aspects within 

the scope of analysing the security level of companies, whereby only one element is introduced 

representing this topic on a high level, physical zone. Nevertheless, SAP PI conceals underlying physical 

aspects. 

Organization 

The final category is made up of organizational elements such as people and management processes. 

Due to the high importance of people regarding security aspects CySeMoL introduces the element person 

having accounts, whereby it must be stressed that humans and not virtual users are meant by that. In 

contrast, SAP PI distinguishes between two types of users regarding authentication and authorization:  
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- Dialog Users represent human users of SAP PI which have authorizations for multiple 

components of SAP PI itself. 

- Service users are used to enable secure communication between PI components as well as 

between SAP PI and external applications. In contrast to Dialog Users they do not represent 

humans. 

Consequently, according to CySeMoL only people using the SAP PI components can be determined. Users 

of other systems and especially their accounts and rights are hidden so that generally speaking SAP PI 

provides no indications for the identification of persons at all. Accordingly, this also applies to accounts. 

Processes describing the handling of network zones are modelled by zone management processes. Actually, 

this represents organizational aspects which are only implicitly included in the data. For instance, zone 

management processes involves activities such as disabling ports, disabling unused or dangerous service 

etc. whereby the symptoms are probably reflected in the SAP PI data such as avoiding ports and unsecure 

protocols. Whether this can happen automatically is an open question and has to be answered by taking 

an overview of the situation within the organization. 

4.3.3.2 COUNTERMEASURE 

In the present case countermeasures are structural or behavioural aspects which are able to prevent or at 

least mitigate the effects of threats to IT components. The abstract class is specialized into five sub 

elements: PrventiveCountermeasure (e.g. Firewall), DetectiveCountermeasure (e.g. Intrusion detection 

system), ReactiveCountermeasure (e.g. incident handling), ContingencyCountermeasure (e.g. backups) and 

AccountabilityCountermeasure (e.g. logging). Regarding the information model countermeasures appear in 

two forms: separate elements (“pure” countermeasures, e.g. intrusion detection system, firewall and deep 

packet inspection firewall) and characteristics of elements, for instance, operating system’s features such 

as non-executable memory preventing an application attacking from executing code as well as static ARP 

Tables reducing the incidence of performing ARP poising.  

Intrusion detection systems pursue the task to discover and identify attack and intrusion of computer 

systems and –networks [90], whereby two types are distinguished: network intrusion detection systems 

and host based intrusion detection systems. Thereby, a host based system is –according to its name – 

installed on the host, it protects, and gains information by analysing the OS, applications, audit logs, etc. 

and compares them with rules established in advance [91]. In contrast, network intrusion detection 

systems are technical devices connected with network components, analysing the packages exchanged and 

trying to find patterns known as dangerous. According to their tasks both types of detection systems work 

in the background and are not officially registered at the SAP PI system, for instance, as a service provider 

or as a service user. Rather, they are in between switched and consequently invisible from the perspective 

of an ESB system. 

The same is valid for firewalls, protecting networks by monitoring the communication between the 

components. Thereby, from the perspective of SAP PI they do not appear as an explicit communication 

partner. Nevertheless, several cases exist which indicates the presence of a firewall with a high 

probability. For instance, it can be assumed that firewalls are involved in cross-company communication 

relationships. However, as the existence of firewalls is not clearly determinable, additional information is 

needed. Deep packet inspection firewalls are a specialization, performing stateful inspection services [92]. 

Regarding the identification based on SAP PI data the same conclusion can be derived as in the general 

case.  

Statements about countermeasure characteristics of applications concerned cannot be made based on the 

SAP PI data. For instance, regarding the software products it is obvious that facts like the usage of only 
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safe libraries are invisible from the perspective of SAP PI as they are not necessary for the communication 

processes. Therefore additional context information has to be provided.  

4.3.3.3 ATTACK STEP 

Information about possible attack steps within a company’s IT infrastructure does not emerge from the 

SAP PI system directly, for instance, whether a man in the middle attack or a replay attack can be 

performed.  

4.3.3.4 THREAT 

A threat regarding the company is not directly connected with the assets but indirectly over attack steps 

the thereat consists of. However, analogous to the concept of attack steps such information about possible 

threats and especially their probability to be succeeded cannot be determined based on the SAP PI data. 

Nevertheless, the possibility arises to store information about known threats regarding components and 

structures of the IT network in databases and to use them within the automatic process similar to 

vulnerability scanner. Thereby the known patterns can be either based on the SAP PI data model or on the 

EA information mode instance. Moreover, the usage of existing databases e.g. the information provided by 

network assessment tools such as neteXpose [93] have to be investigated clearly. Such a strategy can also 

be pursued in the case of attack steps as well as countermeasure characteristics of elements. 

4.3.3.5 THREAT AGENT 

A threat agent represents a person wanting to abuse and or damage assets. Information about people 

posing risks, their skills and especially the resources available to them is not included in the SAP PI data. 

In order to provide such information additional context information has to be supplied analogous to the 

case of threats. 

4.3.3.6 SUMMARY 

 

In Figure 24 each of the elements is characterized according to the conformance dimension: 

- Green: Elements/Relationships which can be completely or almost completely reconstructed 

- Yellow: Elements/Relationships whereby first hints on them can be determined based on SAP PI but a 

complete reconstruction is not possible, e.g. as the data are too fine-grained, or highly depends on the 

organization, e.g. data naming conventions 
- Red: Elements/Relationships no information provided about 
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FIGURE 24: CYSEMOL META MODEL CATEGORIZED ACCORDING TO THE DIMENSION CONFORMANCE 

The comparison has shown that especially statements about software products, software installations and 

their interrelations in the form of data flows can be made. However, information about the security 

characteristics such as countermeasures, attack steps as well as threats are obsolete to a large extent. 

Therefore additional information or further information sources are needed, e.g. a vulnerability scanner 

assessing the system and application landscape for weaknesses. Moreover, organizational aspects 

including people as well as policies for their behaviour cannot be derived either. Nevertheless, using SAP 

PI a first detailed overview of the IT landscape can be gained which in order to achieve a complete EA data 

model has to be supplemented by additional information.  
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In contrast to ArchiMate, CySeMoL has the advantage that business aspects are only indirectly considered 

in the attribute “Expected Loss” representing the expected loss, for instance in case of an attack. 

Consequently, the strong technical focus of SAP PI is of slight disadvantage.  

Due to the high quality of the underlying data the EA data model can be classified as trustfulness which, of 

course, has to be investigated in each case. The drawback, the use of SAP PI brings, is the completeness of 

the data regarding information coverage. Commonly, only information about components involved in the 

collaborative processes are available and aspects beyond are neglected. 

4.3.4 PLANNINGIT 
PlanningIT is an integrated software suite with the aim at supporting the different tasks of Business IT 

management provided by alfabet [49]and meanwhile released in version 7.1. Thereby a process oriented 

approach is followed supporting all typical EA management tasks[47]. At the core of the tool there is a 

repository being the basis for several functionalities offered to the users and organized in modules. This 

includes for instance  

- the Business Demand Management module in order to align the demands defined by the business 

with the architecture 

- Application Architecture Management module supporting the analysis of as-is and target 

architectures, the preparation of migration plans, etc. 

- Program Portfolio Management Module dealing with projects, their prioritization, risks, resources and 

budget 

Within this work the focus lies on the information model whereby the complete one consists of more than 

500 different objects. While at the first glance the high number of classes in the planningIT information-

model might be a bit surprising, it can be viewed on reflection just as a measure of the high-level of 

maturity attained. The reason why the scope of ArchiMate as well as of CySeMoL is lower is mainly due to 

the fact that both frameworks merely outlines a starting point and require a concretization. While 

ArchiMate defines the entities as generally as possible CySeMoL proposes only an abstract information 

model expecting the definition of a concrete one in order to be usable. In contrast planningIT is a tool 

where an expansion of the underlying information model is only possible to a limited extent so that it has 

to cover various numbers of situations/requirements/demands in order to be suitable for the greatest 

possible number of companies.  
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FIGURE 25: SECTION CUT-OUT FROM THE PLANNINGIT INFORMATION MODEL 

Figure 25 hows a part of the information model whereby all elements serving as containers remain 

unconsidered. Four layers are distinguished whereby three of them (Business Layer, Application Layer, 

Physical Layer) of them are very similar to the ones defined by ArchiMate. The fourth layer includes 

aspects which permeate all level from business to the underlying infrastructure. For space reasons they 

are compiled into logical blocks. The exact definition of the elements can be found in the glossary. 

4.3.4.1 BUSINESS LAYER 

According to the official planningIT specification business processes are defined as a sequence of activities 

performed for the achievement of business objectives [79]. In Subsection 4.3.2 the discussion of business 

processes' determination based on SAP PI has already taken place whereby especially the integration 

processes have been identified as a possible information source. However, according to the definition such 

processes are technical focused and neglect from aspects to follow an overall business goal so that the 

conclusion can be drawn that additional contextual information are needed. The same is valid for 

elements, which stem from their existence such as information flows modelling the exchange of 

information between business processes as well as process models describing their hierarchy within the 

company.  
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According to planningIT the organization's objective is the production and delivery of physical products 

and/or services modelled as market products[79]. While physical artefacts are not considered within SAP 

PI at all the question arises – similar to the discussion concerning ArchiMate (see Subsection 4.3.2) – 

whether a service provided to the environment as well as used from it can be reconstructed based on the 

SAP PI data. Therefore, enterprise service interfaces can be seen as a first indicator for the underlying 

services. As on the hand an interface is a concept in the application layer and thus are only conditionally 

linked to the business (only the name can be seen as a starting point according to the official data naming 

conventions[81]) as well as on the other hand a distinction between an application service provided via 

the interface and a market product is not possible without context information it can be concluded that 

market products are not determinable from SAP PI. 

An organization is composed of functional and administrative units modelled by the entity organization. 

Subsection 4.3.2 has already made clear that SAP PI only includes information on a corporate level (party) 

and commonly does not consider fine-grained units such as departments, offices, etc. Accordingly, ICT 

objects which means a group of applications owned by a specific organization are also invisible. 

Business processes exchange business objects with each other, whereby a business object is understood as a 

unit which is important for the business domains [79] e.g. customer, invoice or an order. The analyses 

carried out so far have shown that when the best practices data naming conventions are followed the 

name of data types gives an indicator for the business objects in use. Nevertheless this approach comes 

with problems if the naming conventions are not followed for instance by naming the elements on a 

technical basis e.g. FlightID. 

Furthermore, planningIT offers the possibility to describe the strategy as well as objectives pursued on 

each level of the organizational hierarchy. However, such aspects go far beyond the information content of 

an SAP PI system. 

4.3.4.2 APPLICATION LAYER 

At the core of the application layer there is the application, a fully functional and deployable IT product 

that provides functionality to an application and/or end user [79]. While the first attribute applies to 

product as well as software components on the SAP PI side the second one is only valid for products as by 

definition software component versions do not have to be deliverable. Consequently, an application is 

mapped on a SAP PI product. As the existence and the name of products are mandatory it can be taken for 

granted that the created EA information is trustworthy. 

According to the information model an application runs on a platform which is a technical architecture 

regarding the structure of the components organized in layers as well as in tiers. Thereby a component 

represents a reusable functionality building-block which is either implemented by hardware or software. 

Based on the provided data no relations across technical systems can be determined but the underlying 

software and hardware elements of SAP PI products can be viewed as a concrete platform. The basis layer 

is the computer system, which – as shown later – corresponds to the device element. Operating systems 

form the next layer and finally the third layer consists of the technical system. Moreover, applications are 

composed of components which in the context of SAP PI products are software component versions 

representing the reusable modules of a product. 

Business data are the concrete instances of business objects and analogous to the situation with business 

processes they are exchanged between components and applications. Within SAP PI data types describe the 

data structures of messages and thus specify the data exchanged. Consequently, a data type is mapped 

one-to-one on a business data entity whereby the name is adopted. The exchange itself is modelled by the 

entity information flow. As already mentioned in Subsection 4.3.2 information about the communication 

relationships are implicitly included in the routing rules. 
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An external system can be seen as a special application which is located outside of the company and 

managed by a business partner. This is the case, for instance, with SAP PI products whose party is an 

extern corporation.  

A link between the business layer and the application layer is established by two elements – business 

support as well as business function. A business support object describes the usage of an application by an 

organization in order to support a business process and/or a market product. The missing capability to 

identify organizations as well as business processes makes such information invisible from the perspective 

of the SAP PI system. In contrast, business functions represent the smallest, irreducible business 

capabilities. The special feature of the entity is that it standardizes the requirements of the business 

processes on the underlying IT (business service request) and at the same time establishes the connection 

between the requests and the business services describing the offer of the IT side. A similar element 

concept does not exist on the SAP PI side. Instead, statements about the business services which mean IT 

services offered by the applications can be made. As already mentioned in Subsection 4.3.2 interfaces give 

a first indicator whose name – when the best practices data naming convention is followed – describes the 

underlying behaviour provided to the environment. This can be interpreted as an IT Service. However the 

problems must be remembered as a service can be accessed via different interfaces and a grouping as well 

as an aggregation of the information cannot be done automatically. Furthermore as business functions 

cannot be determined, grouping of business functions, so called functional modules, are not discoverable 

either.  

Finally, the party product is a good or service provided to the company by a party. As one attribute of the 

SAP PI products includes the supplier, these entities can be reconstructed. Unfortunately, as this attribute 

is an optional field it is possible that no value is entered.  

A party product is a good or a service which is provided to the company by a party. It can be assigned to 

one or more technical components. 

4.3.4.3 PHYSICAL LAYER 

In the centre there is the device which is defined as a medium the components as well as applications are 

installed on. Thereby a distinction is made between a physical and a logical device. The latter is made up of 

the former and represents a logical cluster. The corresponding element for the physical device is the 

computer system on the SAP PI side while existing clusters are invisible from the SAP PI perspective. 

Devices are installed at locations whereby SAP PI does not provide any geographical information. 

4.3.4.4 OTHERS 

Apart from the elements considered before planningIT introduces aspects lying orthogonal to the other 

three layers and organized in blocks in order to maintain the clarity. 

Cost Management  

PlanningIT allows the definition of costs and the allocation to elements. The costs can be categorized using 

cost types as well as cost centres. However, such information is not taken into account within the SAP PI 

system. 

Risk Management 

More over the possibility exist to define risks, to relate them to elements and to have them evaluated by 

specifying questions which have to be answered by experts. For instance a risk object intends to describe 

the risk potential for a concrete element which has to be assessed concerning the probability as well as the 

possible associated damage. Similar to the cost management block such information is not covered by SAP 
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PI but perhaps can be determined based on run time data giving for instance an insight into downtimes, 

failures and responsible applications. 

Project Management  

Due to the high relevance of an appropriate project management planningIT supports the description of 

projects, their logical structuring using project groups, the definition of measures for project monitoring 

as well as the architecture elements influenced. In order to determine such aspects other tools/systems 

are necessary. 

Compliance 

Compliance means conforming to a rule for instance specified by a policy, standard or law[79]. 

Organizations aspire to in their efforts to ensure that the IT as well as business is conform with to overall 

regulations. In order to support this, planningIT provides several entities in order to take these aspects 

into account. This ranges from the assessment of a specific element concerning the adhering to a standard 

such as COBIT or SOX. The laws in existence are specified within a compliance catalog consisting of 

elements regarding the architecture elements. Finally, statements about the existing standards, laws and 

regulations as well as about the elements' compliance with them cannot be made based on the SAP PI 

data. 

4.3.4.5 SUMMARY 

 

The comparison showed a similar picture as in ArchiMate’s case, whereby analogous to the sections 

before the elements are categorized into three groups (see Figure 26).  

- Green: Elements/Relationships which can be completely or almost completely reconstructed 

- Yellow: Elements/Relationships whereby first hints on them can be determined based on SAP PI but a 

complete reconstruction is not possible, e.g. as the data are too fine-grained, or highly depends on the 

organization, e.g. data naming conventions 
- Red: Elements/Relationships no information provided about 

While aspects of the application- as well as technology-architecture are covered well gaps remain in the 

business architecture. With the exception of business objects as well as first indications of market 

products and business processes no entities can be reconstructed. Nevertheless, the usage of SAP PI can 

be seen as a starting point saving work. However, in order to achieve a complete picture additional 

sources are needed. 
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FIGURE 26: PLANNINGIT META MODEL CATEGORIZED ACCORDING TO THE DIMENSION CONFORMANCE 

4.4 FORMAL TRANSFORMATION OF SAP PI TO EA INFORMATION MODELS 

Having developed a data model describing the data of SAP PI in a formal format and related it to selected 

EA information models in terms of semantically similarities and differences, the next step is to formalize 

the mapping between both using transformation rules. In the following section at first possible 

transformation technologies will be discussed with regard to the defined requirements and ATL 

(Subsection 4.3.1), which meets the requirements best, will be selected. Based on this in Subsection 4.4.2 

the realization of transformation using ATL will be presented separately for the EA information models. 

4.4.1 COMPARISON OF TRANSFORMATION TECHNOLOGIES AND SELECTION 

An examination of literature reveals that several transformation languages have been developed 

associated with different inherent advantages as well as disadvantages [94]. Thereby a transformation 

language specifies how a source model is mapped onto a target model. In addition to languages for a 

specific purpose languages for any models, considering the meta models involved, exist. In [94] a general 

taxonomy for the classification is discussed. The automated generation of EA information model instances 

based on SAP PI data implies a series of requirements regarding, on the one hand, the circumstances and, 

on the other hand, the automated process described in Section 3.3: 

#Ref 1 - Support of both declarative and imperative constructs 
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Transformation languages define the operations processed on the source model, whereby two approaches 

for specifying the effect of operations can be distinguished: declarative constructs as well as imperative 

constructs. While the imperative approach is characterized by the specification of the concrete set of 

structural events, in a declarative one an operation can be seen as a contract defining the pre- and post-

constructions whereby the underlying process to solve the problem is abstracted [94]. Due to the demand 

for a reusable transformation logic abstracting from implementation details the declarative approach is 

preferable as it allows to define the effect of an operation in a more abstract concise way and conceals 

from realization issues. Nevertheless, sometimes it is difficult to provide a complete declarative solution 

especially for complex transformation scenarios. As the creation of a model to model transformation from 

the SAP PI data model to the EA information model also involves complex problems, e.g. the evaluation of 

routing information in order to determine cross-application relationships the requirement of a hybrid 

approach is established comprising declarative as well as imperative constructs.  

#Ref 2-Processing of models compliant with EMOF 

As already mentioned Ecore was chosen for the meta model notation to express the information models of 

ArchiMate, CySeMoL and planningIT as well as of the data model of the intermediate model. In order to 

avoid extra effort emerging out of the need to convert the model into a new format, transformation 

technologies are preferable which are able to process models compliant with EMOF without any 

additional changes. 

#Ref 3-Sufficient and accurate documentation 

Moreover it was considered as crucial to have a sufficient and accurate documentation as well as several 

tutorials, which, on the one hand, reduce the training effort necessary and, on the other hand, can be 

interpreted as an indicator for a high maturity of the transformation language. 

#Ref4-Support of reuse 

As the process proposed in this work is not restricted to one information model but shall offer the 

possibility to be adapted to other information models as well as to changes, the design of transformations 

that facilitates the use and reuse of code are of particular importance. For this purpose the extent to which 

implementation details are concealed is a crucial aspect making the code more intuitively understandable 

and thus easier to adapt it to changing circumstances. Consequently, languages on a low abstraction level 

such as Java are neglected and instead the designated model transformation languages such as ATL, QVT 

and XSTL which perform considerably better regarding these aspects are taken into account. 

#Ref 5-Appropriate tool-support 

As the overall target is a fully automated EA documentation process a corresponding tool-support is 

required whereby several requirements are placed: 

#Ref 5.1-Freely available tools 

For reasons of costs at least one freely available tool must exist. 

#Ref 5.2 - Debugging 

In order to find bugs and errors in the transformation logic the provision of a debugger is desirable. 

Summary 

To sum up, the following requirements for the analysis as well as assessment of transformation languages 

are taken in account: 
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1. Support of both declarative and imperative constructs 

2. Processing of models compliant with EMOF 

3. A sufficient and accurate documentation 

4. Support of reuse 

5. Appropriate tool-support 

1. Freely available tools 

2. Debugging 

In the text below a selection of transformation languages which are widely accepted in research will be 

analysed with respect to the set of requirements defined before. This includes Query View Transformation 

(QVT) [95], Atlas Transformation Language (ATL) [96], and Extensible Stylesheet Language Transformation 

(XSTL) [97].  

ATL – Atlas Transformation Language 

ATL is a model transformation language developed by INRIA/University of Nantes as open source under 

the Eclipse M2M Project [98]. As a hybrid language it combines both declarative as well as imperative 

constructs to be used for the description of transformation rules, whereby the declarative style of 

specifying transformations is encouraged by the ATLAS Group [99]. In order to ease the development of 

ATL code several development tools are provided based on the Eclipse platform available in open source. 

This includes for instance debugger and syntax highlighting [95]. Consequently ATL fulfils all the criteria 

defined before. Deficits exist only regarding the sparse documentation [96] which is compensated by the 

enormous amount of code samples [100].  

QVT – Query View Transformation 

QVT is a family of languages for the specification of transformations in the context of Model Driven 

Architecture (MDA) developed by the Open Management Group [95]. This includes, on the one hand, two 

declarative languages QVT Relational well as QVT Core and, on the other hand, an imperative one called 

OVT Operational. While QVT Relational can be regarded as the main language allowing to design both 

unidirectional and bidirectional model transformations QVT Core is intended to be a simplification [101]. 

In contrast, QVT Operational offers the possibility to define rules using an imperative approach. As 

currently no tool supports the usage of a mixture between QVT Relational and QVT Operational QVT does 

not satisfy the requirement of a hybrid approach. 

All of the model languages operate on models compliant with MOF 2.0, whereby not only MOF models but 

also models in the Ecore format can be processed [101]. Apart from the textual definition QVT also 

provides a graphical syntax allowing to describe operations by using a graphical notion. Nevertheless, no 

tools supporting graphical QVT diagrams could be identified yet. 

Currently several freeware tools for QVT Relational exist such as SamrtQVT [102], medini QVT [103] and 

ModelMorf [104], whereby only SmatQVT can be considered as complete and mature [105]. The 

corresponding documentation is more detailed and more comprehensive compared to ATL. Nevertheless, 

only a few code examples could be found. 

XSTL - Extensible Stylesheet Language Transformation 

XSTL (Extensible Stylesheet Language Transformation) is a declarative, flexible and expressive language 

for the specification of transformations on XML documents which for this purpose is officially 

recommended by W3C[106]. The main goal is the conversion of XML documents in other forms, not only 

XML but also other file formats such as HTML by a transformation process. Therefore a Stylesheet 

document is specified containing the transformation rules (alias template rules).  



Relating SAP PI with Information Models 

79 
 

With respect to the criteria defined XSTL is a widely accepted transformation language and thus have an 

excellent tool support even in the area of the Eclipse Development Platform such as OrangevoltXSLT [107] 

including a wide range of examples and an extensive description. In contrast to ATL as well as QVT XSTL is 

a pure declarative approach not allowing to use imperative constructs which especially regarding complex 

transformations scenarios can be seen as problematic. Another drawback shows up as XSTL is not a 

general transformation language but focused on XML and thus the application in the present case can be 

viewed as misappropriation. In addition, the last point makes a processing of the models in an xml format 

necessary yielding to extra effort as the transformation rules do not base on the information models but 

on the underlying XMI structure. Moreover, additional implementation aspects have to be considered 

resulting, on the one hand, in a higher complexity and thus, on the other hand, worsening the reuse. 

Summary 

Based on the considerations made above it has been shown that compared to other transformation 

languages analysed ATL meets the requirements best und consequently is the language of choice. 

4.4.2 FORMAL TRANSFORMATION USING ATL 
The implementation is based on the previous comparisons between SAP PI and different information 

models, which can be seen as transformation rules expressed by using natural language. Accordingly, they 

have to be formally described in order to be analysed automatically whereby according to the 

requirements ATL is best placed. The instance of the intermediate model comprising the SAP PI data is the 

source model (see Figure 27). In order to be flexible regarding the variety of information models which 

require different levels of details the granularity of SAP PI is maintained within the exporting routines.  

The target model is an EA data model, whereby within this work ATL scripts have been developed for 

CySeMoL, planningIT as well as ArchiMate. ATL scripts themselves are also models and consequently 

conform to a meta model, the ATL Meta Model. Ecore is the basis for all three parts, the source model, the 

transformation as well as the target models. 
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FIGURE 27: OVERVIEW OF THE TRANSFORMATION PROCESSES 

According to the restrictions an almost complete declarative solution is provided, whereby in very few 

exceptional cases iterative blocks were needed. In essence, a rule is characterized by the input as well as 

the resulting output. In Figure 28 this is illustrated by the example of ArchiMate. While on the left side 

some entities of the intermediate model (source) are displayed the resulting entities are on the right side. 

The circles connected with the lines as well as arrows represent rules mapping source entities to target 

entities. For instance, a data base system is mapped one-to-one on a system software element.  
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FIGURE 28: EXEMPLARY MAPPING OF SAP PI ENTIES ONTO THE CORRESPONDING ARCHIMMATE ENTITIES 

In the case of technical systems it becomes a little bit more complex. Within the scope of SAP PI 7.2 

technical systems are defined as application systems that are installed in system landscapes [85] 

providing an environment for the software products. With the exception of computer systems which are 

hardware and standalone java applications which can be viewed as application components system 

software elements are generated whereby the name is adopted. Accordingly, from a computer system a 

computer device is created and a standalone java application yields to an application component as 

output.  

Frequently, an input element can lead to more than one output element like in the case of data types 

which are mapped both to a data object as well as to a business object. While the first aspect is clear the 

second part might be seen as questionable whereby in Subsection 4.3.2 the problems were discussed in 

detail. Nevertheless, as in the present case the usage of the SAP data naming conventions shall be assumed 

which means a data object is named like after the business objects associated [81]: <Business Object> a 

business object can be derived from the name of a data object. Thereby, for each business object name 

only one element is created in order to ensure uniqueness. At the end it has to be highlighted that the 

preconditions for the second aspect have to be revalidated in each case as it highly depends on the 

circumstances. 

In Section 4.3.2 the question has already arisen whether integration processes can be referred as 

application interactions or as business processes. The discussion has shown up that from the today’s view 

the collaboration of applications is a more likely concept even though the integration processes are named 

from a business perspective. Additionally, an application interaction element is created representing the 

behavioural aspects of the integration process taken in input. Aside, the application interfaces associated 

are also created based on the enterprise service interfaces of the software component versions the 

integration process is composed of. 

A similar picture emerges for the ATL scripts in the case of planningIT as well as CySeMoL.  
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5. DEVELOPMENT OF A VISUALIZATION 

CONCEPT 

With the growing complexity of information technologies and the increasing requirements on flexible and 

agile IT as well as business activities there is a corresponding, growing necessity for a comfort and clear 

overview about IT aspects such as application and system landscapes, business aspects such as business 

processes and actors as well as especially about their alignment in order to make appropriate decisions. 

This drives the need for appropriate visualizations assisting in analysis and decision-making-processes. 

Consequently, in order to deliver the benefits of Enterprise Architecture, which are widely lauded in 

literature [3], [4], the data collected within the data-gathering-processes have to be transformed to 

models regarding the needs of the stakeholders.  

The information content as well as the visual design (symbols, visualization rules, etc.) are determined by 

the supporting problems. As the information demand of ArchiMate’s information model is only partly met 

(see Subsection 4.3.2) as well as this thesis is independent from a specific organization, first it is of 

interest to investigate which problems can in principle be supported using the SAP PI data und as well as 

which requirements the visual presentations have to fulfil (see Section 5.1). Based on the problems 

identified in the second step viewpoints are proposed considering several informative as well as visual 

requirements (see Section 5.2). Finally, they will be implemented using the visualization tool SyCa (see 

Section 5.3). 

5.1 REQUIREMENTS ON A VISUALIZATION CONCEPT 

Requirements on viewpoints come to fore in relation on the one hand to information content and, on the 

other hand, to visualization. Thereby the former specifies which information has to be included in the 

models. According to the IEEE 1471 standard this is determined by the problems as well as concerns 

which shall be supported (see Subsection 5.1.1). In contrast, visual requirements are concerned with the 

visualization of the information involving among other things symbols, positioning and colour design (see 

Subsection 5.1.2). 

5.1.1 REQUIREMENT ON THE INFORMATION CONTENT - PROBLEMS AND CONCERNS 
Generally speaking, Enterprise Architecture is pure knowledge necessitating the use of appropriate 

visualizations which are unambiguous, semantically rich and contain information which is needed from 
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the perspective of the stakeholders. The last aspect is determined by the problems faced by the companies 

and the areas of interest (concerns) which are of value in this context. As already mentioned, the 

information demand required by ArchiMate is only partly covered by the SAP PI data, which leads to the 

general question: Which problems can be addressed by the ArchiMate EA data models created based on 

the ATL scripts developed in the last Chapter. 

With respect to IEEE 1471 the problems addressed by the viewpoints are reflected in the concerns 

covered. Thereby, a concern can be viewed as an “area of interest pertaining to developmental, 

technological, business, operational, organizational, political, regulatory, social, or other influences 

important to one or more of its stakeholders” [108]. Consequently, a discussion of supportable problems 

can be reduced to an examination of concerns the companies are interested in. Nevertheless, an analysis of 

literature reveals the huge amount of concerns which are of importance in practice and vary from 

company to company[3], [4]. Within the scope of a study conducted by the sebis (Software Engineering for 

Business Information Systems) chair at Technische Universität München the best practice concerns have 

been determined, analysed and their information demand has been identified in cooperation with 

numerous, well-known companies such as AXA Service, BMW, Deutsche Post UB Brief, T-Com and others 

[108]. In Figure 29 they are positioned within ArchiMate’s information model (cf. Section 4.3) and 

assessed in terms of constructability. Implicitly, this results in a comparison of information demand and 

information supply. In the following, not all concerns will be commented but only those who are covered 

by the SAP PI system, at least in part. For detailed information, it is referred to [108] . 

 

FIGURE 29: POSITIONING OF THE CONCERNS WITHIN ARCHIMATE’S INFORMATION MODEL 
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The first aspect which can be noted is the division of concerns which are covered by ArchiMate and 

concerns, which are placed outside. Moreover, the distribution of concerns within and between layers as 

well as across the layers becomes obvious. Considering the findings made in Chapter 4 concerning the 

information required by ArchiMate which is covered by SAP PI, it becomes clear that especially concerns 

located on the application as well as on the technology layer are covered. In contrast, business aspects are 

neglected to a large extent. Consequently, these findings give rise to three groups under which the 

concerns are classified: 

Concerns whose information demand is completely covered 

This group includes all concerns whose information demand is completely covered by the SAP PI data and 

thus is of particular value for this thesis. According to the findings already made it is not surprising at all 

that the focus lies on the application architecture: 

- Overview of the applications 

- Information flows exchanged business objects 

- Interfaces provided by applications which are used in information flows 

- Information flows between applications 

- Infrastructure used by applications 

Due to the characteristics of SAP PI as an Enterprise Service Bus it is especially suitable for determining 

information flows between applications, required and provided interfaces as well as for identifying the 

data exchanged. In addition, information about the infrastructure and its use by the applications is also 

provided. 

Concerns whose information demand is partly covered 

The second category is made up of concerns whose information demand is only partly covered, which 

means that at least one element or relationship cannot be gained based on SAP PI or is only conditionally 

provided depending on the company (see the discussion concerning data naming conventions in Section 

4.3). This is valid for: 

- Business Object Modelling: Although the data types in SAP PI can be used as basis for identifying 

the business objects and its composition, a prerequisite for this is the existence of data naming 

approaches as well as the compliance with these guidelines. 

- Sequence of Business Process: On condition that an integration process can be considered as a 

business process whereby in Section 4.3 the problems have been shown in depth, it is in principle 

possible to determine the business processes and the information exchanges as well as even the 

sequence by analysing the BPEL processes.  

- Simple Process support: Analogous to the concern “Sequence of Business Process” in order to 

provide the information on how the business processes are supported by applications, integration 

processes have to be considered as business processes or rules have to be available in order to 

distinguish between an application process and a business process. If this were possible, the 

interaction between integration processes as well as applications could be interpreted as a 

support-relationship.  

Concerns whose information demand is uncovered 

The last category is made up of concerns whose information pieces are completely uncovered. This 

includes for instance standardization aspects which are not included in SAP PI so that statements on the 

standards defined, their composition as well as their observance cannot be made. Moreover companies 

are interested in the organization structure including the departments and their functions, whereby SAP 

PI gives only access to actors on the corporate level. Similar considerations apply to the project concept 
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and the concerns associated, for instance project lifecycles, the elements affected by a specific project as 

well as projects introduced in the past. In addition, information about Service Level Agreements is not 

available. Even though ArchiMate foresees a similar concept, the contract, as shown in Chapter 4, these 

elements are not included in the ESB. 

Questions 

Lankes et al. [40] define questions for the concerns in order to concretize them and define the concrete 

information content. In the present case, the areas of interest which are completely supported are adapted 

to the underlying ArchiMate information model and the concrete issues specified needed to be answered 

from the companies’ perspective: 

Concern Question Description 

Business Applications 

communicate via 

Information Flows 

Which applications communicate to 

each other? 

It has to become clear between which 

applications information is exchanged 

and thus a direct dependence exists. 

This helps to identify the components 

influenced by a change to a specific 

application as well as an application 

crash. 

 

Which application collaborations 

communicate to each other?  

 

The application collaborations are of 

particular interest as they implicitly 

represent the Business Systems of SAP 

PI which can be seen as the central 

elements for planning of the 

communication. 

Business Applications 

provide Interfaces used 

in Information Flows 

Which interfaces to receive and send 

messages are provided by an 

application? 

 

For the user, it needs to be 

recognizable which interfaces are 

provided to the environment by an 

application and which interfaces are 

required from the environment. 

Accordingly, the results of changes as 

well as follow-up changes are 

manifest. 

Which interfaces to receive and send 

messages are provided by an 

application collaboration?  

 

Due to the particular importance of 

application collaborations as central 

communication elements within SAP 

PI the interfaces provided and 

required have to be presented. Based 

on the information flows running 

between the application 

collaborations the dependencies 

become clear which is which is 

advantageous with regard to the 

assessment of the availability as well 

as maintainability. 

Information Flows Which data/business objects are Information about the data exchanged 
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exchange Business 

Objects 

exchanged between two applications? helps on the one hand to identify 

redundant data flows and, on the 

other hand, to recognize the 

consequences of crashes. 

Business application 

using infrastructure 

Which application is running on which 

computer system? 

Information about the support of 

software by hardware plays an 

important role regarding the 

assessment of performance and 

scalability as the physical world is 

related to the logical world. 

Business application 

components 

What is the application collaboration 

composed of? 

 

The application collaboration is 

formed by a set of applications 

whereby it must be clear from the 

viewpoint which applications 

collaboration is composed of. 

 

The 

Usability/Liableness of 

the data provided 

How up-to-date is the presented 

information? 

The actuality of the data is a critical 

factor regarding the usability of the 

EA symbolic models. Out-of-date data 

have to be highlighted and thus need 

to be checked before decisions are 

made.  

TABLE 6: QUESTIONS AND CORRESPONDING CONCERNS 

5.1.2 REQUIREMENTS ON A VISUALIZATION 
In order that the visualized information is useful and understandable from the perspective of the 

stakeholders it has to be visualized appropriately yielding to several requirements of the visualization.  

Due to the large amount of data resulting from the gathering processes the presented information, on the 

one hand, has to be restricted to a subset not overloading the viewer and, on the other hand, appropriate 

mechanisms have to be provided in order to adapt the information content to the user’s desires. A case 

where this problem becomes clear is the visualization of interfaces as well as information flows whereby 

an example is shown in Figure 30 [109]. Even though all the interfaces are visualized and thus all the 

information is included, due to the high number of associations individual relationships are difficult to 

detect. 
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FIGURE 30: EXEMPLARY DOMAIN MODEL AND IT COMPONENTS OF A BANK [105] 

Another essential precondition for the understanding is readability. Any transformation of the data into 

images will leave out information in text form which can be read by the users. According to Hake et al. 

[110] the readability is influenced by two parameters: size as well as the design principles. The minimum 

size of characters depends on the visual human capacity, whereby based on a normal capacity the size-

ratios in Figure 31 should be respected as well as on the display medium.  

 

 

FIGURE 31: MINIMUM SIZE ACCORDING TO  HASCHKE ET AL. [106] 

With respect to the recognition of texts as well as forms in general several gestalt laws of grouping exist 

which should be taken into consideration in visualizing data. One of the fundamental laws of gestalt 

perception is the law of prägnanz which says that “we perceive organized patterns instead of isolated 

elements, and we actively organize these patterns to make them good” [111]. Accordingly, the viewer 

prefers forms that are as regular, simple, and symmetric as possible. In order to better assess the law of 

prägnanz attempts have been made to refined it in the form of laws. This includes [111]: 

- Law of Proximity: Elements which are close together will be perceived as a coherent element. 

Accordingly, the density of the elements should not be too high. 

- Law of Similarity: Elements looking similar will be perceived as a part of the same overall element. 

- Law of Closure: Humans tend to complement contours even if gaps exist. 

- Law of Continuity: Humans tend to group units that continue a pattern or direction 
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- Law of common fate: Elements moving in the same direction will be perceived as a coherent element 

- Law of symmetry: Symmetrical elements will be perceived as a coherent element  

The comprehensibility of the reports is also promoted by using consistent layouts, i.e. the same 

information is always represented equally in terms of elements, colours and other design aspects so that 

the users’ expectations are met. Thereby the users‘ habits and expectations have to be identified and taken 

into consideration [110]. 

5.2 SPECIFICATION OF VIEWPOINTS 

According to IEEE 1471-2000 a viewpoint is defined as “a specification of the conventions for constructing 

and using a view. A pattern or template from which to develop individual views by establishing the purposes 

and audience for a view and the techniques for its creation and analysis”[27]. Applied to the area of 

Enterprise Architecture, a viewpoint is a collection of conventions for describing and using symbolic 

models representing parts of the Enterprise Architecture each aimed at a particular type of stakeholder 

and addressing a particular set of concerns [112].  

Within the scope of the official specification of ArchiMate several viewpoints are already proposed. 

Though the objectives, the stakeholders as well as the information content are specified, no statements 

about the following aspects are made: 

- The placement of the elements 

- The symbols 

- The dealing with the high information volume 

Moreover the comparison of the information model and the SAP PI data model has shown that several 

aspects such as business systems have to be reflected in the information model instances and thus some 

entities are taking on special importance, e.g. application collaborations representing business systems.  

As a result, a new set of viewpoints will be proposed in the following in order to meet the requirements. 

Thereby, the concepts of software cartography are used to specify the notation which has been reviewed 

in Section 2.3. In Figure 32 an overview about the viewpoints is given which are classified according to the 

information content as well as the level of detail: 

- Application Communication Viewpoint: The Application Communication Viewpoint is intended to 

provide a comprehensive overview of the application landscape and therefore to abstract details such 

as interfaces and data objects exchanged as well as to neglect relationships to other layers. 

- Information Interface Viewpoint: The Information Interface Viewpoint focuses on the communication 

between applications in terms of data objects exchanged, interfaces used as well as transport 

protocols. In contrast to the Application Communication Viewpoint the focus lies on details for 

instance which communication protocols are in use, which data objects are exchanged as well as 

which interfaces are involved in the communication relationships. 

- Application Deployment Viewpoint: The Application Deployment Viewpoint pursues the objective to 

provide an overview of the technology architecture as well as of the link to the application layer. 

Due to the findings made in Chapter 4, the visualization of business aspects is neglected within the scope 

of the present thesis and the focus lies in the application layer as well as technology layer. Moreover, the 

aim was pursued to provide symbolic models on a high level as well as on a detailed level. Accordingly, the 

Application Communication Viewpoints highlight the superordinate relationships on the application layer 

and thereby neglect details such as interfaces as well as data objects exchanged which in contrast are 

taken into account within the Information Interface Viewpoint. As the layers specified in ArchiMate are 
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not independent but are by definition inter-related, the Application Deployment Viewpoint is introduced 

representing the link between the physical world on the technology layer and the logical world on the 

application layer.  

Thereby it becomes obvious that the viewpoints proposed should not be considered in isolation but are 

interrelated and sometimes a combination of views together with their underlying inter-dependency 

relationships the best way to describe and communicate a piece of architecture. 

 

 

FIGURE 32: VIEWPOINTS CLASSIFIED ACCORDING TO THE INFORMATION CONTENT AS WELL AS THE LEVEL OF DETAIL 

 

5.2.1 APPLICATION COMMUNICATION VIEWPOINT 
The Application Communication Viewpoint is intended to provide a comprehensive overview of the 

application landscape and therefore to abstract details such as interfaces and data objects exchanged as 

well as to neglect relationships to other layers. The focus is on applications, corresponding application 

collaborations as well as their relationships. The information model is indicated in Figure 33 whereby 

application interfaces are only considered in order to determine the relationship between application 

components. Moreover, the membership of elements to companies shall be accessible to the users so that 

cross-companies information flows and thus cross-company dependencies become clear.  
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FIGURE 33: VIEW MODEL - APPLICATION COMMUNICATION VIEWPOINT 

Concerns and Questions 

Based on these considerations the objective of the viewpoint is to answer the following questions: 

- How up-to-date is the presented information? 

- Which application group is affected by a change of an application? 

- Which application component is affected by a change of an application? 

- Which application is running on which application collaboration?  

- Which applications communicate to each other? 

- Which company is affected by a change of an application? 

Visualization 

Figure 34 is an example of the viewpoint. In order to visualize the composition of companies, applications 

and application groups, the related elements are nested within one another. Relationships between 

applications and application collaborations as well as cross-company associations are displayed as lines. 

Figure 30 has already illustrated that the number of associations and interfaces can soon become very 

unwieldy especially for big companies this is experienced as a problem.   
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FIGURE 34: APPLICATION COMMUNICATION VIEWPOINT EXAMPLE 

Therefore, due to the number of associations and the complexity involved a grouping mechanism was 

developed and used to ensure legibility. The information flows between two elements are grouped into 

one line e.g. the associations between BS 1 and BS 4. Thereby the thickness is a measure for the number of 

associations grouped. In order to distinguish between groups and fine lines, the latter is displayed as a 

dotted line. 
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Nevertheless, in order to recognize the endpoints a concept developed by BMW is used [113]. Based on 

UML the associations run between ports displayed as rounding squares and named after the opposite end 

point. Moreover, the fine lines are annotated with the name of the concrete application located on the 

other side. Consequently, it is easy to determine which application groups and applications communicate 

to each other and thus which elements are affected by changes, system failures and downtimes. In 

particular, with regard to comprehensive software maps, where the user is only able to focus on a small 

piece, this approach is of advantage as even on a small part the communication endpoints become clear. 

At first sight, the rough relationships in particular cross-application-group- and cross-company-

associations become discernible. Nevertheless, in accordance to the concerns and questions defined the 

specific relationships are also visible, whereby interfaces are abstracted. This follows the idea that first 

one gets an overview of the application landscape and second if interested in a specific application, 

detailed information is provided. The consequence of this is naturally the increased effort to figure out the 

concrete application associations because this becomes only discernible at second glance. Nevertheless, if 

all information is presented immediately, it would be too complex to understand from the user´s 

perspective. 

Regarding the positioning of the application group it has to be highlighted that no layout such as a cluster 

map or an interval map is used. Instead, graph drawing algorithms are applied as the interrelation 

between application groups can be viewed as graphs. An examination of literature reveals a huge number 

of algorithms with the aim of an optimal drawing of graphs considering several aesthetics aspects[114]. A 

rough distinction can be made between three approaches [114]:  

- Layer-based approaches: Within the scope of a layer based algorithm the nodes are assigned to 

parallel layers. A famous method is presented by Sugiyama et al. [115]. Thereby the nodes are 

permuted in order to minimize the number of edge crossing and to avoid associations among the 

nodes of the same layers. However, a disadvantage of the method is the display of graphs with a 

high density so that the layers consist of only very few nodes, the resulting graph includes long 

edges and thus the overall clarity is affected.  

- Orthogonal graphs: The orthogonal layout is characterized by edges consisting only of horizontal 

and vertical parts parallel to the coordinate axes. Typically they consist of several phases 

whereby in the first step the underlying graph is planarized [114]. One widely known approach is 

the Topology-Shape-Metrics-Algorithm (TSM) [116] which was enhanced by Fößmeier et al. [117] 

in order to support any type of graphs. 

- Force-Directed-Methods: The purpose of the Force Directed Methods is to place the nodes so that 

the edges are of equal length as well as the number of edge crossing is minimized. Therefore, the 

concept of mechanical forces, which repel and attract, is applied to the diagram yielding to a 

layout that minimized the energy. orthogonal drawing of graphs 

Within the scope of the thesis an algorithm for the visualization of application groups and the 

relationships among them is searched for which can be seen as a unidirectional graph. The orthogonal 

algorithms seem to be inappropriate. On the one hand, a variety of approaches for orthogonal drawing is 

restricted to a degree of 4 (number of associations a node has). Approaches who allow higher degrees 

represent nodes by boxes, line segments or cycles whereby commonly a lot of space is wasted[114]. More 

over a planar graph is often a precondition whereby in the present case this cannot be guaranteed and 

planarization algorithms have to be used. Thereby at the beginning nodes are added and removed at the 

end of the process. However, as the additional node are considered within the calculations this can yield to 

unwanted visualizations especially in graphs having a high density and accordingly requiring many 

additional nodes. 

In addition, the spring embedded approach is also classified as inappropriate, as the algorithm highlights 

patterns and relation which does exist in reality. For instance, cluster would lie close to each other 
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although perhaps no semantic relation exists between the elements. Consequently, the decision was made 

in favour of the Sugiyama approach. 

Colour and form design 

With regard to the nodes three different types exist: companies, application collaborations as well as 

applications which are different-collared in order to distinguish them at first glance. While companies are 

white, application groups are dark blue and applications are collared light blue. Using the same basic 

colour is justified in order to highlight the cohesion of the elements as both represent structural entities in 

the application layer. Due to the requirement on a uniform design, the colouring is also applied to the 

other viewpoints. Regarding the form all nodes are displayed as rectangles. In contrast, ports having no 

counterpart in practice differ from the other elements as a rounded square.  

An essential aspect for the usability of EA symbolic models is the actuality of the data displayed restricting 

the quality of the decisions made. As already mentioned, it is not necessarily easy to determine outdated 

data. In case of an update from the SAP PI system the old data are replaced by the new ones in the 

repository and are finally used for the creation of the EA symbolic models. At this point it appears to be 

problematic that if no update is done, obsolete data are not possible to identify without additional context 

information. Nevertheless, to support the awareness of actuality data are highlighted which have not been 

changed for a certain amount of time so that the user is informed about the reasonability of an update or 

respectively a revision of the current data. This happens through a red ball, placed on the elements e.g. AS 

41 in Figure 34. Optimal benchmarks for such expiry dates are still outstanding. 

The software map can be used both to create a high-level design of application groups and companies as 

well as to provide the application architects with insights into the detailed dependencies of a specific 

application. While currently the application groups are preliminarily used to represent business systems 

defined by SAP PI, it is conceivable to expand on this concept by defining more levels of hierarchy, which 

allows visualizing information on different levels of abstraction. Moreover, by visualizing the integration 

processes preliminary information regarding orchestration is also provided. 

5.2.2 Information Interface Viewpoint 
The Information Interface Viewpoint focuses on the communication between applications in terms of data 

objects exchanged, interfaces used as well as transport protocols. In contrast to the Application 

Communication Viewpoint the focus lies on details, whereby, due to the huge amount of information, it 

does not make sense to visualize all elements placed on the application layer. Instead, a reference element 

has to be chosen which is focused on in depth in the software map. In Figure 35 the information model is 

shown.  
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FIGURE 35: VIEW MODEL - INFORMATION INTERFACE VIEWPOINT  

Concerns & Questions 

The target is to cover the following concerns and questions: 

- Which specific application is running on which business system?  

- Which interfaces to receive and send messages are provided by an application? 

- Which applications communicate with each other and which application interfaces and technologies 

are used? 

- Which applications depend on a specific interface? 

- Which interfaces depend on a specific interface? 

- Which applications depend on a specific application? 

- Which data/business objects are exchanged between two applications? 

- Which synergy effects regarding interfaces and data types used exist?  

- Where is a specific communication technology in use? 
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Visualization 

In contrast to the other two viewpoints, no graph drawing algorithms but a card ground is used, a cluster 

map. Thereby with regard to the information displayed five different layers are distinguished (see Figure 

36). The two outer layers include the application groups as well as applications associated interacting 

among each other. Layer 2 as well as 4 compromise the accompanying interfaces in which a distinction is 

made between required from and provided to the environment, whereby the lollipop presentation [80] 

according to UML is used to display both. A special feature provided by SAP PI is information about the 

transport protocols as well as message protocols existing. In order to represent them and preserve clarity 

interfaces are grouped by the transport protocols used. In particular, with regard to homogenization and 

standardization outliers as well as related elements can be recognized quickly. The last layer covers the 

data objects exchanged between two interfaces whereby this is not restricted to one element but can also 

involve several objects. 

 

FIGURE 36: INTERFACE INFORMATION VIEWPOINT - EXAMPLE 

Based on this structure from the perspective of one application it becomes clear which interfaces depend 

on which interfaces and accordingly which interfaces are influenced by changes. In addition, the viewpoint 

indicates the data types exchanged as well as the transportation protocols and their distribution. 
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As already mentioned, due to information amount it does not make sense to present all elements but a 

selected subset. To get an overview the Application Communication Viewpoint is more appropriate. 

Instead, a reference has to be selected, whereby only information related to this element is displayed. 

Thereby according to the type of the reference object three scenarios can be distinguished: 

- Application: The selected application and its application group are placed in layer 1, whereby the 

associated interfaces are included in layer 2. Layer 3 comprised the sent as well as received data 

objects, while in layers 4 and 5 the applications and their interfaces interacting with the reference 

applications are placed. An example has already been illustrated in Figure 36. 

- Data Object: On the other hand, in case of a data object chosen all interfaces and corresponding 

applications exchanging the reference object are visualized. Thereby, an open question is the 

placement of the associated applications in other words, which applications are included in layer 1 

and which applications are located at layer 5 instead. If the applications as well as the associations 

form an acyclic graph, they can be grouped into two sets without edges within one layer. In case of 

circles a disjunctive separation is not possible. In order to solve this problem the corresponding 

elements are considered twice. 

- Transport Protocol: The last possibility is the selection of a transport protocol as the reference object, 

whereby all interfaces and corresponding applications using this communication technology to 

exchange data are represented. Thereby, the placement of the elements is done analogously to data 

objects. 

Colour and form design 

In order to ensure a uniform design, the application groups as well as applications are collared in the same 

shapes of blue as for Application Communication Viewpoint. In contrast, data objects are displayed as green 

squares while interfaces are white. A special feature is the reference object which is shown in orange and 

thus is clearly identifiable as the central element. Moreover, elements where a need to update exists are 

marked by a red circle. Due to the central importance of the communication technologies regarding, on the 

one hand, to establish an interaction between two applications and, on the other hand, to homogenize as 

well as standardize the application landscape the interfaces are grouped by the communication protocols 

used. Consequently, the following aspects are easy to recognize: 

1. The distribution of the communication technologies 

2. The communication technology used by a specific interface 

The relationships between associated elements which means between interfaces and the exchanged data 

objects are displayed as lines. 

In accordance with these notes the viewpoint is selective in this approach and by no means aims for 

exhaustiveness. In order to obtain an overview the other viewpoints are more suitable. 

5.2.3 Application Deployment Viewpoint 
The Application Deployment Viewpoint pursues the objective of providing an overview of the technology 

architecture as well as of the link to the application layer, for instance which hardware supports which 

applications. This is necessary, e.g. to support the reduction of interruption times caused by system 

failures (availability), to maintain as well as to change the system landscape considering the underlying 

software (maintainability) and to ensure the integrity and confidentiality by providing information about 

possible attacks such as “man in the middle attack“, etc. 

The information model is shown in Figure 37. In order to reduce the complexity, applications and detailed 

associations are abstracted and instead application groups are used. The reason is that the main focus lies 

on the connection between technology layer and application layer and to provide the application architect 
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as well as the infrastructure architect with preliminary information about the impact of crashes, changes 

or bugs on the other layer. To answer the question which applications belong to a specific application 

group and which applications are connected with each other the second viewpoint Application-

Communication Viewpoint is more suitable. 

  

FIGURE 37: VIEW MODEL - APPLICATION DEPLOYMENT VIEWPOINT 

Concerns & Questions: 

The target is to cover the following concerns and questions: 

- Which application group is running on which computer system? 

- Which application group is affected by a crash of a specific computer system? 

- Which system software runs on a specific computer system? 

- Which application group runs on which system software? 

- Which company is affected by a crash of a computer system? 

- Which high-level communication system is used for the exchange of data? 

Visualization 

The relationship between the software and the hardware it runs on is displayed by nesting the associated 

elements one in another: Hardware  System Software  Application Collaboration (see Figure 38). 
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Thereby, a system software can also include further system software elements for instance a WEB AS 

ABAP which is installed on an operating system (OS) such as Windows.  

Visualizing the associations an analogous concept as for the Application Communication Viewpoint is used 

in order to ensure, on the one hand, clarity and on the other hand usability. Thereby, the associations are 

grouped and run between ports having the name of the opposite endpoint so that even based on a small 

section of the EA symbolic model the relationships are visible from the user’s perspective. Moreover it 

becomes clear, which application groups depend on which communication partners and thus which 

elements are affected by updates of the technology infrastructure, changes as well as system failures. 

An open question is the handling of the SAP PI system and its representation. On the one hand, it can be 

modelled as system software which has the disadvantage that all associations run over the ESB and thus 

the corresponding end-to-end relationships are not recognizable for instance the effects of crashes, 

changes, etc. On the other hand an ESB can be viewed as a pure communication infrastructure similar to 

routers as well as switches and thus to abstract it. This is in contrast to the high relevance of the bus 

system for the infrastructure as it represents a central communication point and thus is necessary first to 

understand the big picture and second to assess effects of changes and crashes as well as the availability. 

Consequently, the first approach is preferred within the present thesis. 
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FIGURE 38: APPLICATION DEPLOYMENT VIEWPOINT - EXAMPLE 

Colour and form design  

In contrast to application collaborations as well as applications technical devices are collared in different 

shades of grey in order to clearly highlight the differences between the application and technology layer as 

well as especially their matching. As usual, elements which have not been updated for a certain amount of 

time are marked with a red circle. A special feature is the display of lines. In order to distinguish between 

grouping and fine lines, the latter is displayed as a dotted line. In contrast to other elements representing 

elements of the Enterprise Architecture ports are displayed by rounded squares. 

The viewpoint can be used both to create an overview of the underlying infrastructure and its connection 

to the application layer and to provide the reader with insight into the dependencies of an application 
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group in terms of companies and computer systems related. For instance, one may ascertain which 

computer systems, application groups and even organizations are affected by a system failure or a change.  

5.2.4 MECHANISMS FOR COMPLEXITY REDUCTION 
Figure 30 has already impressively shown that EA symbolic models can be very extensive in practice 

especially in large companies by what the overall aim of providing a means of communication and 

provision of knowledge in a clear form is only partially achieved. Accordingly, the demand for mechanisms 

to limit the information volume has been formulated. In principle, three approaches can be distinguished: 

1. Grouping: Visualized elements are combined to one unit so that the details are implicitly included 

in a superior element or relationship. An example is the grouping of association for the 

Application Communication Viewpoints as well as the Application Deployment Viewpoint. 

2. Leaving out element types: Specific elements and information types are not displayed. This 

approach has already been used in conjunction with the development of the viewpoints 

representing different subsets of the ArchiMate information model. 

3. Leaving out elements: A specific element type is displayed but the associated elements can be 

filtered, e.g. in terms of technology, exchanged data, number of interfaces, and so on. 

The points 1 and 3 have already been considered within the design of the viewpoints which represent 

different parts of the overall information model. In order to consider the second point the user shall have 

the possibility to filter the information content of the viewpoint in terms of several criteria. Table 7 

includes the selected, filtering criteria separated by viewpoints. 

The process is aimed at offering the possibility to compile specific information according to the user’s 

interests and working areas. Therefore the information displayed can be selected in accordance with 

several aspects such as communication technology used, data objects exchanged, etc. For example, it shall 

be possible to limit the associations visualized to those which use a specific transport protocol/message 

protocol, whereby other information is abstracted from. This makes it possible to better cope with the 

complexity.  

Viewpoint Filtering criteria 

Application Communication 

Viewpoint 

- Selection of application groups 

- Selection of applications 

- Selection of data objects 

- Selection of communication technologies used 

- Number of data exchange connections 

Interface Information Viewpoint - Choice of the element of interest : reference objects 

- Selection of applications 

- Selection of data objects 

- Selection of communication technologies used 

Deployment Application Viewpoint - Selection of computer systems 

- Selection of business systems 

- Selection of system software 

- Selection of communication technologies used 

- Selection of data objects 

- Number of data exchange connections 

TABLE 7: VIEWPOINTS- FILTERING CRITERIA   
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5.3 IMPLEMENTATION OF THE VIEWPOINTS 

For the transformation of the viewpoints developed a modified version of the transformation framework 

proposed by Achenbach [46] has been used which is based on a set of transformation components linked 

with one another via a net-like structure. The components are called Viewpoint Building Blocks and 

represent reusable, configurable visualization elements. They are connected via sources and sinks, 

whereby the former provides information to the environment while the later obtains information. In 

Figure 39 the graphical transformation graph for the Application Communication Viewpoint addressing 

the interaction between application components as well as application collaboration is shown. The 

symbols used for the source and sink concept are displayed in Figure 40 separated by the type of 

information. The VBBs are represented as rectangles. 
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FIGURE 39: GRAPHICAL TRANSFORMATIONG RAPH OF THE APPLICATION COMMUNICATION VIEWPOINT 

 

FIGURE 40: GRAPHICAL REPRESENTATION OF SINKS AND SOURCES SEPERATED BY THE INFORMATION TYPE [45] 

A source as well as a sink is located inside the VBB Application Communication Viewpoint describing the 

external input and output. In the present case, the root element of the information model instance is 

required as input and the root element of the generated symbolic map is returned. Besides, a grouping of 

sources as well as sinks is visible using a rectangle and representing a sub transformation. Thereby, 

baseMap serves to create the base map using the VBB CreateElement on which the nodes are positioned 

according to the Sugiyama algorithm. In order to create the corresponding graphical elements 

(nodeSymbol) the VBB Cluster is used to nest the application symbols (innerSymbol) inside the application 
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collaborations (outerSymbol). Outer2inner determines the relationship between both. It provides the 

external element and expects the corresponding internal elements whereby this takes place via the 

reference isComposedOfApplicationComponents. 

Which Application Collaborations are related is determined by the sub transformation relatedNodes. Such 

a relationship is present where the internal application components exchange data. The navigation is 

achieved through the references isComposedOfApplicationComponents, is 

ComposedOfApplicationInterfaces and assignedApplicationComponents. The edges are generated using 

the VBB CreatePolyLine expecting the start as well as the end information object as input and returning 

the graphical representation of a polyline between the corresponding nodes. Analogously, the white 

rectangle presenting a port is created by a CreateElement VBB. In contrast to before, not an information 

object is transferred but an object of another type as ports are independent elements having no pendant 

within the information model instance.  

The graphical transformation graph of the Application Deployment Viewpoint (see Figure 41) shows a 

similar design differing only by the information objects (e.g.), the attributes’ values (e.g.) and the fact that 

in addition a recursive cluster is used to generate visualization objects as the system software elements 

can be nested within one another. 

O
n

e
To

M
o

n
e

y

ClusterCluster

RootRoot

Application Deployment 
Viewpoint

Application Deployment 
Viewpoint

NodeSymbol

PortSymbol

ConnectionSymbol

relatedNodes

Create 
Symbol

Create 
Symbol

outerSymbol innerSymbol

outer2inner

OneToMoney

Reference: 
isComposedOfApplicationComponents

Create 
Symbol

Create 
Symbol

M
an

yT
o

M
o

n
e

y
M

an
yT

o
M

an
y

R
ef

er
en

ce
: 

is
C

o
m

p
o

se
d

O
fA

p
p

lic
at

io
n

In
te

rf
ac

es
R

ef
er

en
ce

: 
as

si
gn

ed
A

p
p

lic
at

io
n

C
o

m
p

o
n

en
t

CreatePolyLine

sink

source

startSource endSource

Create SymbolCreate Symbol

symbolClass : CompositePlanarMapSymbol

baseMap

RecursiveClusterRecursiveCluster

Create 
Symbol

Create 
Symbol

Create 
Symbol

Create 
Symbol

outer2inner

OneToMoney

Reference: assignedApplicationCollaborations

outer2outer

OneToMoney

Reference: isComposedOfSystemSoftware

R
ef

er
en

ce
: 

as
si

gn
ed

A
p

p
lic

at
io

n
C

o
lla

b
o

ra
ti

o
n

s

 

FIGURE 41: GRAPHICAL TRANSFORMATION GRAPH OF THE APPLICATION DEYPLOYMENT VIEWPOINT 

Figure 42 hows the last viewpoint, the Interface Information Viewpoint which is significantly different 

from the others as a layered structure is used. The VBB expects the root object of the information model 

and the reference object selected as input and returns the symbolic map (root object). For each layer (on 

the right side) a sub transformation exists offering the reference object as well as the information model 

and demanding the corresponding visualization object for the layer. In the second step, the layers are 

arranged on the base map (baseMap) and linked through polylines (ConnectionSymbol). The sub 

transformation under baseMap serve to determine the relationship between applications and interfaces, 

the data objects exchanged as well as the applications linked. 
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FIGURE 42: GRAPHICAL TRANSFORMATION GRAPH OF THE INTERFACE INFORMATION VIEWPOINT 

  

Interface-Information 
Viewpoint

Interface-Information 
Viewpoint

RefObject

ConnectionSymbol

baseMap LayerOneApplicationCluster

Reference Object

LayerTwoInterfaceCluster

Reference Object

DataObjectCluster

Reference Object

LayerFourInterfaceCluster

Reference Object

LayerFiveApplicationCluster

Reference Object

ApplicationComponent 2 
ApplicationInterfaces

ApplicationInterface 2 
DataObjects

ApplicationInterface 2 
Connected 

ApplicationComponents

ApplicationInterface 2 
ApplicationComponents



Practical Evaluation 

104 
 

 

6. PRACTICAL EVALUATION 

Within the following chapter two aims will be pursued, (1) the process proposed in the previous chapters 

will be applied to a practical example in order to show how it is used practically; (2) an evaluation 

concerning the aims sought as well as requirements inferred will be carried out. Therefore, first the 

requirements on the evaluation will be defined and the underlying practical example will be introduced in 

Section 6.1. Based on this, the data gathering (Section 0) and the visualization (Section 6.3) will be 

thoroughly investigated and work packages will be opened for further research. 

6.1 Requirements on the practical evaluation 

After the process for an automated EA documentation has been proposed conceptually in the Chapters 

before and the implementation has also been partly addressed, it is applied to a data excerpt of the SAP XI 

system of a textile manufacturer located in Germany. The usage of the former version instead of SAP PI 

which has been analysed in detail in the previous Chapters can be justified with that the information 

contents are nearly equal. The main difference is the introduction of the concept operation and the 

associated entity operation mapping by SAP PI while in SAP XI an interface is composed of data types 

[118].  

In addition, the data have not been extracted from the system itself but have been provided as an Excel 

sheet including a list of communication relationships, systems involved as well as technologies used. 

Restrictively, it has to be mentioned that the spread sheet has not comprised all SAP XI data. The missing 

entities comprise Integration Processes, Technical Systems, Computer Systems and System Software. For 

the discussion of the data collection process this means that the EA data model can only be created partly. 

Nevertheless, the data volume is sufficient to evaluate all essential aspects. In contrast, as no information 

on the technology layer is available the Application Deployment Viewpoint cannot be generated and thus be 

tested. 

The focus of the analysis lies on the following questions: 

1. Are the requirements defined in Section 3.3.2 met and if not, in which aspects is it departed from 

them and especially why (see Figure 43)? 

2. Does the process support an efficient and effective EA documentation? 

3. What further developments are necessary for a successful usage of the process in practice? 
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Based on the overall objective of this work, the development of an automated EA documentation process 

in order to meet current and future requirements such as increasing information volume, increasing 

requirements on the companies’ agility due to shorter product and market cycles as well as growing 

importance of EA as means of decision making, specific requirements have been inferred in Subsection 

3.3.2. Consequently, it is desirable to investigate which requirements are met by the process proposed and 

in particular to show which developments are necessary in order to overcome the current deficiencies so 

that the largely theoretic construct is usable by organizations in practice. Nevertheless, it is not only 

important that the process is applicable but also that it has benefits compared to manual approaches 

regarding an efficient and effective EA documentation. 

 

FIGURE 43: THE AUTOMATED PROCESS FROM A REQUIREMENTS’ PERSPECTIVE 

6.2 Discussion of the data collection process 

The data collection process represents the first part of the EA documentation process and covers the 

extraction of the data and the subsequent transformation into an Enterprise Architecture data model, 

whereby in the present case ArchiMate has been chosen. However, the considerations in Section 4.3 have 

shown that other information models are also possible. 

Figure 44 portrays a part of the underlying data and the associated EA data model (Figure 45), whereby, 

however, the data were not extracted from the SAP PI system as envisioned but from an excel sheet for 

which a specific extraction process had to be implemented. Nevertheless, this clearly reflects the 

advantage of the independence of the transformation process from the export processes by introducing an 

intermediate format – the SAP PI data model. Different export possibilities can be used without adapting 

the transformation rules. The example already gives a first idea of the mismatch between the information 

demand of ArchiMate and the possible information supply offered. For instance, business aspects such as 

business processes and business functions are largely absent. In contrast, the Application Layer can be 

considerably determined. Regarding the example data this includes the communication relationships 

between the applications SAP GPS and Manufacturer Integration, the interfaces involved as well as the 

underlying systems which are automatically gathered without manual work. Nevertheless, this example 

indicates that only a subset of concerns relevant for companies can be supported suing the SAP PI data. In 

order to achieve a more complete picture additional data sources are necessary, e.g. humans or other 

information systems. This aspect has already been addressed in connection with the requirements defined 

by demanding appropriate expanding mechanisms. In the following the requirements and their degree of 

fulfilment will be analysed separately from one another: 

ESB 
(SAP PI)

Data

Organizational Context

Data Source 
Requirements

Data Requirements

Process Requirements

Orgnizational Requirements

Visualization
Requirements

Visualizations

EA Model Instance
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GPS : Business System

SAP GPS : InstalledSoftwareProduct

SAP GPS : InstalledSoftwareComponentVersion

module

module

Molten : Business System

Manufacturer Integration : InstalledSoftwareProduct

Manufacturer Integration : InstalledSoftwareComponentVersion

module

module

SAP GPS : ProductVersion

Version

SAP GPS : SoftwareComponentVersion

Version

SAP GPS : ProductVersion

SAP GPS : SoftwareComponentVersion

Version

Version

101 : OutboundInterface

2104 : InboundInterface

Interface

Interface

101To2104 : ReceiverDetermination

101To2104 : InterfaceDetermination

Sender

Sender

Sender

Sender

Receiver

Receiver

 

FIGURE 44: SECTION CUT-OUT FROM THE EVALUATION DATA 

GPS : ApplicationCollaboration

Molten : ApplicationCollaboration

SAP GPS : ApplicationComponent

Manufacturer Integration : ApplicationComponent

Part

Part 2104 : ApplicationInterface

providedInterface

usedInterface

 

FIGURE 45: ARCHIMATE EA DATA MODEL BASED IN THE SECTION CUT OUT FROM THE EVALUATION DATA 

Ref1: The data have to be extracted from the SAP PI System directly, whereby changes to the 

system shall be avoided. 

Currently, a direct export of data from the SAP PI system is not implemented and consequently is one of 

the work packages for further work. Thereby, initial analysis pointed to problems as the components 

System Landscape Directory, Integration Builder and Enterprise Service Repository do not offer an API 

the data can be accessed via. An alternative is a file export, whereby System Landscape Directory is the 

only component offering a manual, complete export of the data as a formal and thus automatically 

analysable format – Common Information Model (CIM). 

CIM is a standardized object-oriented modelling approach for specifying the elements in an IT 

environment which was developed by the Distributed Management Task Force [119]. It defines a set of 

hierarchical core classes adapted by SAP by introducing new ones, whereby the altered meta model is not 

made available for the public. A possible solution which has already been started within the thesis is a 

bottom-up approach in order to reconstruct the underlying meta model based on concrete instances. In 

contrast, even though the Enterprise Service Repository as well as the Integration Builder allow the user 
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to export the whole data as a transport file in order to migrate between different systems or to create a 

backup, these files are not intended for an outside processing. Analysing them in detail shows a structure 

consisting of XML as well as binary parts, whereby initial investigations have concluded that the XML 

parts comprise all information needed. Alternatively, discussions with experts have revealed that an 

access to the data stored is also possible via ABAP scripts as both components are based on the 

programming language ABAP. However, this approach is associated with the necessity to adapt the system 

by adding ABAP code fragments which according to the relevance of an SAP PI system is largely avoided 

by organizations. 

The approach must provide expansion possibilities for adding new data sources. 

Chapter 4 has demonstrated the necessity for an expansion of the data collection process by new 

information sources as the Enterprise Architecture information models considered are only covered 

partly by the SAP PI system. According to Farwick et al. [8] and Fischer et al. [34] , what is of particular 

importance for the management of more than one source is a central point where the consolidation and 

synchronization of the different data flows takes place. Within the process proposed this task is assigned 

to a central repository implemented by Tricia. Tricia has the advantage of high flexibility. As an open 

source Java platform it offers the possibility to add complex new features and thus forms an optimum 

starting point for the outstanding issues: 

- Which data sources yield to an optimal completion? In order to cope with the complexity connected 

with the usage of additional sources the number should be as limited as possible. 

- How are the different data flows consolidated with one another? 

The approach has to consider static as well as dynamic data of the SAP PI system. 

In order to limit the scope of the work the focus has lied only on the static information of the SAP PI 

system including the components used within the design and configurations phase. Dynamic information 

which means information at run time for instance the messages exchanged between two applications 

within a day provided by the central monitoring application remains unused. As most of the information 

models proposed are only restricted to static aspects this simplification is justifiable. Nevertheless, 

information at run time offers valuable insights into 

- The evaluation of the static data: e.g. which communication relationships/interfaces/data objects are 

out of date and not used in practice? Which data objects are exchanged between two end points in 

practice? 

- Additional information: e.g. how often is a specific communication channel in use within a defined 

time interval? 

Consequently, concerning future research it would be useful first to analyse the available dynamic 

information, then to adapt the SAP PI data model appropriately and finally to develop the exporting 

processes needed. 

The approach must provide mechanisms to ensure actuality. 

In order to ensure the actuality of the data each entity is expanded by a time stamp attribute including the 

creating date. Using benchmarks concerning the average life span of the different data types it is also 

possible to determine first indications of out-of-date data (expiry data). 

The approach must provide mechanisms to adjust the granularity of data. 
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As the process proposed is not only restricted to one information model but tries to get a comprehensive 

view on Enterprise Architecture in general and the information models differ considerably in the degree 

of details flexible mechanisms for the adaption of the granularity can be seen as a key success factor. In 

order to meet the different requirements the underlying intermediate model stores the SAP PI data 

unfiltered. The change of the granularity level is implicitly performed during the transformation so that a 

flexible adjustment is ensured by adapting the transformation rules. An example making this clear is 

ArchiMate and CySeMoL. While the former abstracts from protocols used this is a crucial aspect from a 

security standpoint and thus relevant for the later. 

The system must provide mechanisms to easily adjust it to changes of the EA information model. 

As the process is not restricted to one information model but shall be adaptable to several ones 

appropriate mechanisms have to exist concerning changes and replacements. Analogous to the 

adjustment of the granularity this is carried out by the adaption of the transformation rules defining the 

mapping of the elements. This becomes clear in Chapter 4 taking the examples CySeMoL, ArchiMate as 

well as the underlying information model used by the EA tool planningIT. By defining different ATL Scripts 

each one can be used. 

An organization process must be in place that regulates the process. 

The specification of the surrounding organizational structure is not considered within this thesis and 

remains open to further research. This includes the provision of the roles, actors involved and the clear 

allocation of responsibilities.  

Summarization 

Under the assumption that a direct data export from the SAP PI system is available, e.g. by using ABAP or a 

file export the data collection process is fully automated and offers the possibility to reduce work effort. 

Moreover, the survey shows that the quality of SAP PI data reaches a high qualitative level in most 

organizations. All the participants state that their data quality is nearly perfect(80%) or even perfect 

(20%) which is partly attributable to the fact that the quality highly correlates with the functioning of the 

system. However, some limitations exist regarding the coverage of the Enterprise Architecture 

information demand. The comparison between three selected information models and the data provided 

by the SAP PI has revealed a mismatch between demand and supply which can be solved either by 

additional manual activities or the expansion by new data sources. Regarding the introduction of the 

process in organizations organizational aspects such as the actors involved, their responsibilities and 

tasks have to be resolved. 

6.3 Discussion of the data collection process 

<<OPEN>> 
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7. SUMMARIZATION, CRITICAL REFLECTION 

AND CONCLUSION 

Enterprise Architecture Management has attracted significant attention over the last years and according 

to current studies is one of the most important issues on the CEO and CIO level [3]. The objective is to 

support decision-makers by meeting their information demand using visualizations, symbolic maps. To 

ensure this, a suitable documentation process comprising the collection of the Enterprise Architecture 

Information as well as their visualization is necessary. Current approaches are characterized by a high 

degree of manuality. The growing information volume and the increasing requirement on the 

organizations’ agility make these manual activities time-intensive and cost-consuming. In order to 

counteract these problems, first attempts to achieve automation have taken place. However, this is at the 

very beginning.  At this point the present thesis sets in and answers the question, to what extent a tool-

aided automated process using an existing Enterprise Service Bus as an information source is possible. 

Due to their functionality ESBs are particularly suitable as they can be seen as the nervous system of a 

company supporting and coordinating the interaction and communication between software applications, 

whereby above all knowledge about application systems, their interfaces, the possible communication 

relations and the information exchanged is available in a central location and does not have to be collected 

together from different areas of the company. As a concrete system SAP PI provided by SAP is used. What 

is of particular importance for an information source to be appropriate is, on the hand, the coverage of the 

EA information demand by the data provided as well as, on the other hand, the data quality. 

Regarding the information coverage the investigations based on the information models ArchiMate, 

CySeMoL and the underlying information model of planningIT have revealed that in particular 

applicational  as well as technological aspects can be reconstructed using the data stored within SAP PI. In 

contrast, business aspects are neglected to a large extent, which is mainly attributed to its operative 

character. Furthermore, a survey conducted shows that the information content is limited to elements 

involved in the collaborative process and only in rare cases goes beyond.  

Moreover, the survey also makes clear that the quality of SAP PI data reaches a high qualitative level in 

terms of completeness and correctness in most organizations. All the participants state that their data 

quality is nearly perfect(80%) or even perfect (20%), which is partly attributable to the fact that the 

quality highly correlates with the functioning of the system. With regard to the actuality orphaned data 
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pose a problem. In average, the respondents claimed an interval of 10 months while Farwick et al. [8] 

shows that most of the organizations strive towards a desired actuality cycle of shorter than six months.  

In order to answer the central research question an automated process is proposed. Based on the overall 

objective to reduce the degree of manual activities as well as literature, requirements on such a process 

are inferred in the first step. The process consists of two steps (1) the data collection and (2) the 

visualization. The data collection process covers the extraction of the data and the subsequent 

transformation into an Enterprise Architecture data model. As a consequence of the three subcomponents 

of SAP PI demanding more than one export routine and providing different information which has to be 

consolidated the Enterprise Architecture data models are not directly created but an intermediate format 

is generated compromising the SAP PI information. To be flexible regarding new requirements the data’s 

granularity is not changed, which means that no filter as well as aggregation mechanisms are in use. While 

the extraction of the data from the SAP PI system is an open work package for the conversion of the 

intermediate model into the information model instance, a sub process using model to model 

transformation is proposed, whereby the dedicated modeling language ATL is used. Compared to basic 

programming language a higher abstraction level is achieved by that as within the realization of the 

transformation rules underlying implementation are abstracted.  

In the second step the collected data are automatically visualized by SyCaTool, a visualization tool using 

model to model transformations in order to convert the EA information model instances into visual 

presentations, so called symbolic maps. Thereby, the information content as well as the visual design 

(symbols, visualization rules, etc.) highly depend on the problems which shall be addressed. As the 

information demand of different EA information models is only partly met by the SAP PI data, the 

problems where the decision-makers can in principle be supported using the reconstructed EA 

information are identified first. Based on them three Viewpoints are developed meeting the informational 

as well as the visual requirements. They visualize different Enterprise Architecture information on various 

detail levels, whereby they should not be considered in isolation but are interrelated and sometimes a 

combination of views together with their underlying inter-dependency relationships are the best way to 

describe and communicate a piece of architecture. 

An evaluation of the process at the example of a subset of data of the SAP XI systems belonging to a textile 

manufacturer located in Germany shows that under the assumption that a direct data export from the 

system is available, e.g. by using ABAP or a file export, the process is fully automated and offers the 

possibility to reduce work effort. For instance, 5610 EA elements have been automatically determined 

which otherwise must be entered manually. Nevertheless, some deficiencies exist which had to be 

overcome so that the process can be used in practice. In this connection, the following topics are of 

interest: 

- Within the thesis the surrounding organizational structure is not considered and remains open. This 

includes, e.g. the provision of the actors involved, their roles and the clear allocation of 

responsibilities. 

- Dynamic information, i.e. information at run time, e.g. the messages exchanged are neglected and 

remain used. As most of the information models proposed are only restricted to static aspects this 

simplification is justifiable. Nevertheless, they offer valuable insights into the evaluation of static data, 

e.g. which communication relationships/interfaces/data objects are out of date and not used in 

practice. 

- The comparison of the information demanded by different EA information models and the data 

provided by SAP PI has shown a mismatch between both. Especially business aspects are absent to a 

large extent. A possibility to solve this problem is the expansion of the data collection process by new 

information sources. While a central point where the consolidation and synchronization of the 

different data flows take place already exists in the form of an EA tool, Tricia, two outstanding issues, 
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remain: (1) Which data sources yield to an optimal completion? (2) How are the different data flows 

consolidated with one another?  

As already mentioned, a direct export of data from the SAP PI system has not been implemented yet and, 

consequently, is one of the work packages for further work.  
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A. META MODELS 

 

CySeMoL – Information model 
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B. ATL SCRIPTS 
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C. CLASSIFICATION OF THE SAP PI DATA 

In the following the data stored within the three components System Landscape Directory, 

Enterprise Service Builder and Integration Builder are evaluated to what extent a correct 

provision is necessary for error-free functioning of the SAP PI system. Therefore three 

categories are distinguished:  

1. Mandatory fields (symbol: X): This category comprises data which are important for the working 

of the system and thus have to be specified correctly. This includes nearly all elements stored in 

the Enterprise Service Builder and Integration Builder, except some attributes (e.g. descriptions 

of the elements), integration scenarios and actions. As the last two elements are only used to 

model message exchanges between applications and their information is included in other design 

as well as configuration objects for this purpose this presents no problem. In addition, with 

respect to SLD, this category includes all elements with exception of several attributes for 

instance operating system (computer system), version (software product), supplier (software 

product), etc. . 

 

2. Mandatory-Optional fields (symbol: (X)): Data which are important for the working of the system 

but can also be specified in some other way and thus are optional in a specific case. Thereby only 

attributes belong to this category for instance receiver partner as an attribute of the element 

receiver agreement whereby this information can also be specified in the message header. 

 

3. Optional fields : Data which are not important for the core task of SAP PI and as a consequence do 

not have to be specified correctly. This applies to attributes especially of elements stored within 

the System Landscape Directory, whereby in particular the provision of the operating system is of 

significance for the present objective. Moreover, at this point it shall be mentioned that even the 

mandatory field of SLD can belong to this category as in contrast to the other SAP PI components 

the data of the SLD are not only used for the communication but also for other systems. 

 

System Landscape Directory 

 

Product Version Software Component Version

Vendor

Name X X

Version

Installed Systems X X

Support Packages

Software Products X

Software Components X
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Technical System - AS ABAP Technical System - AS Java Technical System - Thrid Party

Name X X X

Message Server - Name X

Message Server - Port X

Description

Administrator Contact

Central Application Server - 

Name X

Central Application Server - 

Instance Number X

Client List X

Installed Software X X X

Installation Number X X

Database Host X X

Installed Business System X X X

Host X X

Deployed Objects X

Jco Destination X

Business System - AS ABAP Business System - AS Java Business System - Third Party

Name X X X

Logical System Name X X X

System X X X

Client X X

Installed Software X X X

Role X X X

Description

Administrator Contact

Computer System

Name X

OS

Release

RAM

IP Address (X)

Description

Installed Systems X
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Enterprise Service Repository 

 

 

 

Integration Builder 

 

Message Type Fault Message Type Data Type

Name X X X

Namespace X X X

Software Component 

Version X X X

Description

Data Type Used X X

Namaespace of Data Type 

used X X

Additional Data Types used X

Namaspace of additional 

Data Types used X

Type Definition X

Message Mapping Operation Mapping

Name X X

Namespace X X

Software Component 

Version X X

Description X X

Mapping X x

Message Type Operation

Name X Name X

Namespace X Request X

Software Component 

Version X Response X

Description Fault X

Category X Operation Pattern X

Interface Pattern X Mode X

Sender Agreement Receiver Agreement

Sender Communication 

Party X X

Sender Communication 

Component X (X) Header Mapping

Outbound Interface X

Namespace of Outbound 

Interface X

Receiver Communication 

Party (X) Header Mapping

Reciver Communication 

Component X (X) Header Mapping

Receiver Description

Receiver Inbound 

Interface X

Namespace of Inbound 

Interface X
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Receiver Determination Interface Determination

Sender Communication 

Party X X

Sender Communication 

Component X X

Outbound Interfae X X

Receiver Communication 

Party X X

Reciver Communication 

Component X X

Receiver Description
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D. DATA QUALITY SURVEY EVALUATION 

What is of particular importance for the usability of EA models is not only the coverage of the EA 

information demand for instance to identify all the existing business processes and applications but also 

the quality of the underlying data. They restrict the quality of the EA information gained e.g., if the SAP PI 

elements are incomplete, missing or even incorrect these characteristics also apply to the EA elements 

determined within the transformation. Accordingly, a survey was conducted as an online pool pursuing 

the aim to evaluate the quality of SAP PI data in practice in terms of completeness, correctness and 

actuality. In order to contact the target group recruitment of participants was done by way of email and 

posts in communities focused on SAP and especially SAP PI as well as the former version SAP XI. 

The survey can be divided into two parts: The first one includes general questions regarding the 

participants’ background for instance country of operation as well as its role concerning SAP PI. In the 

second part concrete quality questions are asked separated by the components SLD, Enterprise Service 

Repository and Integration Builder as due to the differences of tasks and data stored varied quality 

aspects are of relevance.  

Within 40 days the survey was opened 45 persons started it, 27 completed it partly, 17 completed it and 2 

only answered the first two questions whereby the last ones are neglected. As some questions of the 

second part ask for details which either are not known by everyone working with the system or are not 

answered due to confidence aspects the high proportion of incomplete surveys is understandable and 

they will be incorporated in the analysis.  

Unfortunately, it is not possible to determine how representative the participants are. 

General Findings/Circumstances 

Which continent are you currently working in? 
 

 
FIGURE 46: THE CONTINENT DISTRIBUTION OF THE PARTICIPANTS 

30% 

50% 

10% 

10% 

Which continent are you currently working in? 

Asia

Australia

Africa

Europe

North America

South America
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50% of the respondents reside in Asia, 30% in Europe and the remainders are distributed equally over 

North and South America. 

Are you employed at a consulting company? 
 

 

FIGURE 47: PARTICIPANTS WORKING AS A CONSULTANT 

Out of all respondents 67% claimed to work for a consulting company. This circumstance favours the 

results of the survey as the answers do not include the experience about the situation in more than one 

organization. 

What version of SAP XI/PI is in use? Do you normally work with? 

 

FIGURE 48: RESULTS FOR THE QUESTION: “WHAT VERSION OF SAP XI/PI IS IN USE? DO YOU NORMALLY WORK WITH?” 
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Only 12% of the participants reported that they normally work with a SAP XI system while with respect to 

the majority a SAP PI system is used. Thereby, tendentiously the newer versions are more common among 

the participants. From the perspective of the quality and the information provided no appreciable 

differences between the systems exist [118].  

The role regarding the SAP PI context 

 

FIGURE 49: ROLE DISTRIBUTION OF PARTICIPANTS 

A large proportion of the participants are either senior developer or architect. According to the 

interviews, the know best about the system as a whole. 

Overall Quality 

How do you assess the overall data quality within your SAP PI system? 

8% 

33% 

8% 

25% 

13% 

13% 

Role distribution 

BPX

Architect

Team Leader

Senior Developer

Developer
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Basic Administrator of PI

Other
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FIGURE 50: OVERALL DATA QUALITY 

All the participants state that their data quality is nearly perfect(80%) or even perfect (20%) which is 

partly attributable to the fact that the quality highly correlates with the functioning of the system. If the 

data are incorrect or out-of-date this will lead to an unwanted behaviour of the system. 

System Landscape Directory  

Please specify which elements of the following categories are stored in the System Landscape Directory?  

22% 

78% 

Overall data quality 

Perfect

Pretty good, but a few problems

Some aspects are completely mess

Serious problems

I don't know
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FIGURE 51: ELEMENTS STORED WITHIN THE SYSTEM LANDSCAPE DIRECTORY 

According to the official documentation the System Landscape Directory is seen as the primary source for 

information about the system landscape. In contrast, most respondents (at least 81 %) stated that all data 

types except the SAP technical system as well as the SAP Products are only considered in the SLD system 

insofar as they are of importance for the collaborative processes with some exceptions. The SAP products 

and systems are an exception whereby probably the reason is the fact that these components are 

automatically inserted and updated in an available SLD system. 

The assessment of the completeness of the data 
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FIGURE 52: COMPLETENESS OF DATA IN THE SYSTEM LANDSCAPE DIRECTORY 

Regarding the completeness two aspects were distinguished in Chapter 4: completeness regarding the 

elements inserted (see before) and completeness of a specific element e.g. whether all attributes are 

valued. In all cases more than 74% of the respondents agreed to “elements are complete” or “elements are 

complete with some exceptions”. Regarding the SAP products this value even achieves 100%. 

Nevertheless, third party systems, databases as well as third party software products are partly stated as 

commonly incomplete. If the process is used in practice these types of data should be investigated clearly 

and if this applies to this company the main reasons have to be identified.  

The assessment of the correctness of the SAP PI data 
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FIGURE 53: CORRECTNESS OF DATA IN THE SYSTEM LANDSCAPE DIRECTORY 

Concerning all data types more than 78 % agreed that they are either accurate or accurate with some 

exceptions, in the case of SAP products the proportion even reaches 100% which probably can be seen as 

a result of the automated insertion and update of their data and thus mistakes due to manual activities are 

avoided. Nevertheless, in order to use the process within an organization it makes sense to analyse the 

third party software products as well as third party technical system as in both 22% of the participants 

reported that that information content is commonly faulty. 
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FIGURE 54: SYSTEM LADNSCAPE DIRECTORY – DELETION INTERVAL 

Out-of-date data pose another problem. In particular, this includes elements which are still saved in the 

SLD system but not used in practice anymore. However, they are considered during a transformation and 

thus yields to a faulty reflection of the world. Out of the respondents 76% claimed that old data are 

deleted within one year and shorter and only 24% stated a time interval longer than one year.  

Within a survey conducted by Farwick et al. [8] the respondents reported that an actuality within weeks 

(48%) or up to six months (31%) is appropriate. While 76% claimed a deletion interval which is equal or 

even shorter than 6 months, no participant stated an interval shorter than one month. 
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FIGURE 55: ENTERPRISE SERVICE REPOSITORY – DELETION INTERVAL 

Analogous to the SLD system the time to deletion is of relevance in order to assess the problem of out-of-

date data and the resulting errors. Unfortunately, only 15% of the respondents reported an interval 

shorter than six months.  
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FIGURE 56: INTEGRATION BUILDER – DELETION INTERVAL 
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In contrast to the average deletion time within the Enterprise Service Repository regarding the 

Integration Builder 56% reported a time interval shorter than 6 months. 21% even agreed to “0-1 month”. 

1.6 Data Naming Conventions 

What is your organization’s approach to Data Naming Conventions? 

 

FIGURE 57: EXISTENCE OF AND COMPLIANCE WITH DATA NAMING CONVENTIONS 

84% declared that data naming approaches exist and are followed either willingly or by enforce. However, 

almost 16% indicates that no conventions are followed. 
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GLOSSARY 

General 

<OPEN> 

SAP PI 

The elements‘ definition are cited from the official, online specification [120]: 

Entity Definition 

Enterprise Service Repository 

Service Interface A service interface is a platform and language independent 

definition of a set of operations, provided or used by an 

application. It is composed of one or more operations. 

Inbound Interface Inbound interfaces are service interfaces that give access to a 

service. 

Outbound Interface Outbound interfaces are service interfaces used to a call a 

service. 

Operation An operation is the smallest, irreducible, separately callable 

function. 

Message Type A message type describes the structure of a message by 

specifying a data type. The necessity arises from the fact that 

the message is specified in XML and accordingly a root element 

is needed. 

Fault Message Type The fault message type represents a message which is sent in 

case of errors.  

Data Type A data type defines a data structure. 

Message Mapping A message mapping is a formal representation of rules to 

convert the structure of a message type. 

Operation Mapping By using operation mappings outbound service interface 

operations can be related to inbound service interface 

operations, whereby the detailed transformation of the 

associated messages is defined by message mappings [68]. 

Integration Builder 

Party Within SAP PI a party represents a larger unit which is 

commonly an organization and is involved in a collaborative 

process. 

Communication Component A communication component represents a sender and/or 

receiver of messages.  

Business Component A business component is a communication component 

representing abstract business entities which receive and/or 

send messages. Especially with Business-to-Business processes 

business components are in use in order to hide details about 

the underlying system landscape. 

Integration Process An integration process is an executable cross-system process 

which is able to send and/or receive messages. 

Sender Communication Channel A sender communication channel defined the configuration of an 

Adapter for an Outbound Interface. 
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Receiver Communication Channel A receiver communication channel defines the configuration of 

an adapter for an inbound interface. 

Receiver Determination A receiver determination defines the receivers depending on the 

incoming message. 

Interface Determination An interface determination specifies which inbound interfaces a 

message is forwarded to. 

Sender Agreement A sender agreement defies how the message of a sender is to be 

transformed by specifying the sender communication channel. 

Receiver Agreement A Receiver Agreement defines how the message of a sender has 

to be transformed so that it can be processed by the receiver. 

Therefore a receiver communication channel is specified. 

Adapter An adapter transforms a communication protocol into the XI 

protocol and vice versa.  

System Landscape Directory 

Software Component Software components represent the reusable modules of a 

product. In contrast to products, a software component does not 

have to be deployable. 

Software Component Version A software component version represents a specific version of a 

software component. 

Product A product is a unit which can be delivered, is visible to the 

customer as well as is installable and renewable.  

Product Version A product version is a specific version of a product. 

Technical System Technical systems represent application systems within the 

system landscape. Thereby a distinction is made between five 

subclasses: Web Application Server ABAP, Web Application 

Server Java, Standalone Java which can either represent java 

applications installed on a computer system or an operating 

system, Third Party Systems describing software containing 

third party components, PI Components such as the integration 

server and finally computer systems. With the exception of the 

last element which is hardware technical systems can be seen 

as software providing an environment for software products. 

Business System A business system is a logical system functioning as senders 

and/or receivers. Thereby it is associated with exactly one 

technical system and can be seen as the logical view on it which 

is used within the design processes so that changes to the 

technical infrastructure do not affect the design elements but 

only the relationship between both types of systems [20] 

TABLE 8: SAP PI – DATA MODEL 

ArchiMate 

The elements‘ definition are cited from the official, online specification[25]: 

Business Layer: 

Entity Definition 

Structural Concepts 

Business Actor A business actor is defined as an organizational entity capable 
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of (actively) performing behaviour. 

Business Role A business role is defined as a named specific behaviour of a 

business actor participating in a particular context. 

Business Collaboration Business collaboration is defined as a (temporary) 

configuration of two or more business roles resulting in specific 

collective behaviour in a particular context. 

Business Interface A business interface declares how a business role can connect 

with its environment. 

Business Object A business object is defined as a unit of information that has 

relevance from a business perspective. 

Behavioural Concepts 

Business Process A business process is defined as a unit of internal behaviour or 

collection of causally-related units of internal behaviour 

intended to produce a defined set of products and services. 

Business Function A business function is defined as a unit of internal behaviour 

that groups behaviour according to, for example, required 

skills, knowledge, resources, etc., and is performed by a single 

role within the organization. 

Business Interaction Business interaction is defined as a unit of behaviour 

performed as a collaboration of two or more business roles. 

Business Event A business event is defined as something that happens 

(internally or externally) and influences behaviour (business 

process, business function, business interaction). 

Business Service A business service is defined as the externally visible (“logical”) 

functionality, which is meaningful to the environment and is 

realized by business behaviour (business process, business 

function, or business interaction). 

Informational Concepts 

Representation Representation is defined as the perceptible form of the 

information carried by a business object. 

Meaning Meaning is defined as the knowledge or expertise present in the 

representation of a business object, given a particular context. 

Value Value is defined as that which makes some party appreciate a 

service or product, possibly in relation to providing it, but more 

typically to acquiring it. 

Product A product is defined as a coherent collection of services, 

accompanied by a contract/set of agreements, which is offered 

as a whole to (internal or external) customers. 
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Contract A contract is defined as a formal or informal specification of an 

agreement that specifies the rights and obligations associated 

with a product. 

TABLE 9: ARCHIMATE – BUSINESS LAYER 

Application Layer 

Entity Definition 

Structural Concepts 

Application Component An application component is defined as a modular, deployable, 

and replaceable part of a system that encapsulates its contents 

and exposes its functionality through a set of interfaces. 

Application Collaboration Application collaboration is defined as a (temporary) 

configuration of two or more components that co-operate to 

jointly perform application interactions. 

Application Interface An application interface declares how a component can connect 

with its environment. 

Informational Concept 

Data Object A data object is defined as a coherent, self-contained piece of 

information suitable for automated processing. 

Behavioural Concepts 

Application Function An application function is defined as a representation of a 

coherent group of internal behaviour of an application 

component. 

Application Interaction Application interaction is defined as a unit of behaviour 

performed by a collaboration of two or more components. 

Application Service An application service is defined as an externally visible unit of 

functionality, provided by one or more components, exposed 

through well-defined interfaces, and meaningful to the 

environment. 

TABLE 10: ARCHIMATE – APPLICATION LAYER 

Technology Layer 

Entity Definition 

Structural Concepts 

Node A node is defined as a computational resource upon which 

artefacts may be deployed for execution. 

Device A device is defined as a physical computational resource upon 

which artefacts may be deployed for execution. 
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Infrastructure Interface An infrastructure interface is defined as a point of access where 

the functionality offered by a node can be accessed by other 

nodes and application components. 

Network A network is defined as a physical communication medium 

between two or more devices. 

Communication Path A communication path is defined as a link between two or more 

nodes, through which these nodes can exchange information. 

Behavioural Concepts 

Infrastructure Service An infrastructure service is defined as an externally visible unit 

of functionality, provided by one or more nodes, exposed 

through well-defined interfaces, and meaningful to the 

environment. 

System Software System software represents a software environment for specific 

types of components and objects that are deployed on it in the 

form of artefacts. 

Informational Concepts 

Artefact An artefact is defined as a physical piece of information that is 

used or produced in a software development process, or by 

deployment and operation of a system. 

TABLE 11: ARCHIMATE – TECHNOLOGY LAYER 

CySeMoL 

Entity Definition 

Owner An owner is a person or an organization entity interested in 

protecting assets. 

Asset Assets represent entities the owner can value. 

Attack Step An Attack Step represents a concrete action in order to tackle 

an Asset. 

Threat A threat consists of one or more Attack Steps describing a 

concrete action in order to tackle an Asset. 

Threat Agent A Threat Agent is used to model a single person or a group 

which is able to manifest a Threat. His objective is to abuse 

and/or damage Assets.  

IDS Sensor Intrusion Detection Systems pursue the task to discover and 

identify attack and intrusion of computer systems and –

networks [90], whereby two types are distinguished: network 

intrusion detection systems and host based intrusion detection 

systems. Thereby, a host based system is –according to its name 

– installed on the host, it protects, and gains information by 

analysing the OS, applications, audit logs, etc. and compares 

them with rules established in advance [91]. In contrast, 

network intrusion detection systems are technical devices 

connected with network components, analysing the packages 

exchanged and trying to find patterns known as dangerous. 
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Countermeasure Measures to reduce risks are expresses by countermeasures 

whereby five subclasses are defined: 

- PreventiveCountermeasure (e.g. firewall) 

- DetectiveCountermeasure (e.g. intrusion detection system),  

- ReactiveCountermeasure (e.g. incident handling),  

- ContingencyCountermeasure (e.g. backups)  

- AccountabilityCountermeasure (e.g. logging). 

Firewall A is a preventive countermeasure protecting networks by 

monitoring the communication between the components. 

Network Interface A Network Interface acts as a network gateway implemented 

through a firewall that “specifies a set if data flows that are 

allowed to go through the network perimeter.”[26] 

Network Zone A Network Zone is defined as “a set of hosts where all hosts 

reach each other over the network” [26]. 

Zone Management Process “This class represent a process for managing a network 

zone.”[26] 

Data Flow A data flow models the communication between the network 

components. 

Protocol A Protocol represents the protocols used within a Data flow. 

Data Store A place where data can be stored, for instance relational 

database, a file server 

Software Installation A Software Installation represents a concrete installation of a 

Software Product on an operating system. 

Physical Zone A Physical Zone represents a physical grouping of systems. 

Service Installed Software Products providing functionality to 

environment and responding to the clients’ requests belong to 

this class. 

Operating System Operating System represents Software Products acting as 

operating systems. 

Application Client This class comprises Installed Software Products used as 

clients. 

Software Product A Software Product “represents the source to build objects of 

class Software Instance” [26] which has not been altered or 

updated with patches. 

Access Control Point Access Control List represents a place where possibility exists 

to control access. 

Authentication Mechanism The class Authentication Mechanism represents “the module 

that inspects the supplied credentials and grant or deny 

access.”[26] 

Password Authentication 

Mechanism 

The Password Authentication Mechanism is a widely used 

variant of Authentication Mechanism using a password for 

authentication.  

Account An Account represents “a user account, or more specifically a 

row in an access control matrix.”[26] 

Password Account According to the name, a Password Account is defined as an 

“account that gives access to an Access Control Point that uses a 

Password Authentication Mechanism” [26]. 

Person A Person represents humans.  

Security Awareness Program Security Awareness Program represents awareness and 
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training programs for persons. 

TABLE 12: CYSEMOL – INFORMATION MODEL (ABSTRACT AND CONCRETE) 

planningIT 

The entities‘ definitions are taken from the official specification [79]: 

Business Layer: 

Entity Definition 

Business Process A business process represents a sequence of activities 

performed for the achievement of business objectives. They are 

mutually dependent. As required, a business process can have an 

unlimited number of sub-processes.  

Business Process Model A business process model describes the hierarchy of the business 

processes within a company.  

Business Process Information Flow A business process information flow represents the exchange of 

business objects between business processes which are linked to 

one another. 

Business Object A business object is defined as a unit which is important for a 

business domain of a company. They can be described based on 

a set of object attributes.  

Business Function A business function is a not divisible business capability which is 

typically performed within a business process. It is characterized 

by independence from the context of business processes and 

thus can be reused. The concept business function is a key 

element for the realization of a service-oriented architecture. 

They standardize the business service on the supply side and 

define the demand by describing the IT required by business.  

Business Service Request A business service request represents the actual need of a 

business process or market product regarding the support by IT 

in the form of business services. Based on that the requests can 

be assigned to actual business services provided by applications 

or components. 

Market Product A market product is a physical artefact or service produced and 

marketed by the company.  

Information and Communication 

Technology Object (ICT Object) 

An information and communication technology object is an 

abstract object which is either an architecture element 

regardless of its version or several architecture elements 

connected to one another due to financial or other business 

reasons. 

Virtual ICT Object A virtual ICT object is a visionary ICT object which is required 

for planning purposes.  
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Business Support A business support object describes the usage of a specific 

application by an organization in order to support a business 

process or a market product.  

Objective An objective is a guideline or a business/behaviour rule, which 

are followed by the organization and its composed.  

Management Objective A management objective is an objective which is defined by a 

parent organization and guides an organizational or strategic 

objective. 

Organizational Objective An organizational objective is an objective defined by an 

organization. It serves as a guideline or as a business/ 

behaviour rule which are followed by an organization and its 

composed.  

Strategic Objective A strategic objective is an objective defined in order to support 

the strategy of an organization. It serves as a guideline or as a 

business/ behaviour rule which are followed by an organization 

and its composed.  

Organization An organization describes an administrative and functional unit 

within a company. It can have an unlimited number of sub-

organizations but only one parent organization.  

Virtual Organization A virtual organization is either a temporary and or a permanent 

organization such as a decision-making body, a steering 

committee and other institutions existing outside of a formal 

organizational structure of an organization. 

Strategy A strategy represents a general guideline of an activity or a 

long-term action plan for an organization. In planningIT a 

strategy for an organization is defined on each level of the 

organization hierarchy. 

TABLE 13: PLANNINGIT – BUSINESS LAYER 

Application Layer 

Entity Definition 

Functional Module A functional module groups business functions in order to 

represent the business requirements which are typically 

fulfilled by an application. 

Business Service A business service is an IT service provided by an application (or 

a component) in order to support a specific business function. 

Applications as well as components can provide several business 

services for a business function.  

Information Flow By an information flow the exchange of business data between a 

source and a target application is described.  
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Application An application is a fully functional, integrated IT product, 

providing functionality to end users and/or other applications. 

It supports the organization in achieving its goals. Applications 

run on a platform. 

External System An external system is an element which is located outside of the 

core of the planningIT system. Typically, it is an application 

managed by a business partner. 

Platform A platform describes the technical architecture on which 

applications and components run.  

Layer A layer represents a collection of components and is one of the 

dimensions for structuring of platforms. Commonly, a layer 

depends on the underlying layers. 

Tier A tier is the second dimension for structuring of platforms and 

represents a collection of components with respect to the 

functionality provided. Commonly, a tier only communicates 

with adjacent tiers. 

Component A component is a reusable functional module which is either 

implemented by hardware or software. In planningIT it 

represents typically:  

- An interface for the data exchange 

- A shared element which provides business services for 

an application if installed 

- A sub-system of an application which is managed as a 

separate unit having an own, independent life cycle 

- An unfinished application e.g. an application which has 

to be configured in order to be usable 

Standard Component See Component 

Local Component A local component is a component which is defined within the 

scope of an application. IT has the same attributes as those of 

the standard components, but cannot be reused outside the 

application. 

Party Product A party product is a good or a service which is provided to the 

company by a party. It can be assigned to one or more technical 

components. 

Party A party produces party products whereby a specific party 

product can be marketed by more than one party. 

TABLE 14: PLANNINGIT – APPLICATION LAYER 

Infrastructure Layer 

Entity Definition 
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Location A location is a geographical place. 

Device A device represents any type of medium on which applications 

and components can be installed. It can be either a real or a 

virtual hardware. 

Logical Device A logical device is a device which serves as a logical cluster for 

physical devices.  

Physical Device A physical device is hardware on which the installed software 

runs. It can be connected with logical devices using clustering. A 

physical device can be part of several logical devices and a 

logical device can be comprised of more than one physical 

devices.  

TABLE 15: PLANNINGIT – INFRASTRUCTURE LAYER 
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