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Abstract 

Previously, business operations of most large companies 

were supported by a number of isolated software systems 

performing diverse specific tasks, from real-time process 
control to administrative functions. In order to better 

achieve business goals, these systems have in recent years 

been extended, and more importantly, integrated into a 

company-wide system in its own right, the enterprise 

software system. Due to its history, this system is 
composed of a considerable number of heterogeneous and 

poorly understood components interacting by means of 

equally diverse and confusing connectors. To enable 

informed decision-making, the Chief Information Officer 

(CIO), responsible for the overall evolution of the 

company’s enterprise software system, requires 
management tools. 

This paper proposes Enterprise Software System 

Architecture (ESSA) as a foundation for an approach for 

managing the company’s software system portfolio. In 

order to manage the overwhelming information amounts 

associated with the enterprise software system, this 
approach is based on two concepts. Firstly, the approach 

explicitly relates the utility of knowledge to the cost of its 

acquisition. The utility of knowledge is derived from the 

increased value of better-informed decision-making. The 

cost of knowledge acquisition is primarily related to the 

resources spent on information searching. Secondly, the 
approach focuses on ensuring the consistency of the 

architectural model.  

1. Introduction 

Today, most of the larger companies within various 

industrial domains such as power, telecommunications, 

pulp and paper, finance, etc., possess truly complex 

enterprise software systems; in large organizations several 

hundred software systems may be employed. The size of 

each single system may vary extensively from company-

wide enterprise resource planning systems to smaller 

custom-made niche products. Furthermore, the 

interconnections among the systems are numerous and 

heterogeneous [1][2][3]. An organizational role called the 

Chief Information Officer (CIO) has been proposed for 

the management of the enterprise software 

system [4][5][6][7][8]. This organizational role typically 

consists of a small group or an individual close to the 

senior management of the company [4][8][9][10]. Given 

the large quantity of information available about the 

enterprise software system, the CIO faces a significant 

problem. An approach that has been proposed to 

overcome these overwhelming amounts of information is 

Enterprise Software System Architecture (ESSA). This 

architecture is devised to reflect the technical aspects of 

the systems as well as the business context that they are 

intended to support. 

1.1 Related works 

Several frameworks have been proposed, that address 

the ESSA, such as TOGAF [11][12], C4ISR [11][13] and 

FEA [14]. Also, the CIO typically employs a number of 

different models for enterprise software system 

management, gathered from different disciplines such as 

software engineering, information systems, systems 

engineering, and business analysis [15][16][17][18] 

[19][20][21]. Although many of these frameworks and 

models are highly useful, this paper addresses two 

pertinent remaining problems. Firstly, these frameworks 

and models are oftentimes fairly ambitious in their 

approach. The resources needed for searching and 

gathering the information required for using them are 

quite extensive [11]. This means that the cost for 

employing the models and tools can become very high, 

which in turn easily leads to an unplanned and incomplete 

model of the enterprise software system situation. 

Secondly, ESSA models are typically managed in terms 

of different viewpoints
1
. However, in order to depict the 

whole ESSA model, several viewpoints have to be 

employed. Unfortunately, many of these do not have a 

defined relation to each other, leading to potentially 

1 Viewpoints is the definition of the language for describing views[22]. 
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inconsistent analyses. For instance, there may be 

inconsistencies between a viewpoint of how some 

software systems support the business processes and some 

other viewpoints of interactions between software 

systems.  

This paper proposes a utility-cost based approach, 

founded on a consistent ESSA meta-model
2
, for 

answering the questions of the CIO. The utility-cost based 

approach is addressing the first of the two problems 

discussed above. The focus on consistency is aiming at 

tackling the second problem. The proposed approach is 

based on relating the ESSA meta-model with the 

questions and answers of the CIO. In this sense, the ESSA 

model can be used as basis for providing answers to 

questions filtered by a utility-cost analysis.  

1.2 Outline 

The main proposal, the utility-cost based approach, 

founded on a consistent ESSA meta-model, for answering 

the questions of the CIO, is elaborated in Section 2. Due 

to the limited textual space, several issues that would 

benefit from deeper considerations can only be 

superficially considered. Sections 3 and 4 focus on two of 

the most central parts of the approach. Section 3 outlines 

concerns, or questions, relevant to the CIO, and Section 4 

presents a first draft of the ESSA meta-model. Finally, the 

paper is concluded in section 5. 

2. An Approach for ESSA Management 

CIOs usually have a model of their enterprise software 

system. However, this model is often fraught with 

problems. Typically, it consists of a large number of 

seemingly unrelated pieces of information in the form of 

natural language documents, structured databases, UML 

diagrams, source code, etc. It is however, as proposed in 

this paper, more beneficial to employ one consistent 

model for the most pertinent information.  

The proposed ESSA model is a high-level abstraction 

of the enterprise software system and its context. The 

ESSA meta-model defines the language in which the 

ESSA model is expressed (cf. Figure 1). For instance, the 

meta-model may prescribe that entities of the model be 

software components, business processes, data, etc. The 

meta-model further defines relations between the entities 

in the model; a software system for example may store

certain data. 

This paper argues that one of the main purposes of the 

model is to answer the questions that the CIO considers 

relevant. Depending on the questions asked, different 

parts within the model will be addressed. For instance, 

certain questions concerning the modifiability of an 

enterprise software system might depend on the coupling 

2 The ESSA meta-model is the definition of the language for describing 
the ESSA model. 

between software systems. The parts of the model that are 

addressed in this case may thus be the software 

components and their connectors.

It is important that the answers to the questions 

provide utility for the CIO. However, these answers do 

not come for free. Every answer is associated with a 

certain cost, foremost in terms of the effort to search for 

the needed information and introduce it into the ESSA 

model. This paper argues that it is of significant benefit to 

explicitly consider the utility of an answer in relation to 

its cost. To put it differently, some questions are worth 

answering, while others are not. 

The following four subsections elaborate on 1) the 

utility of answers, 2) the relation between the questions, 

answers and the ESSA meta-model, 3) the cost of 

information, and 4) utility-cost analyses of answers. In the 

fifth subsection, a method for ESSA management is 

proposed. The sixth subsection briefly discusses the use 

of viewpoints.  

2.1 Utility of Answers 

Before any model can be produced, the purpose of 

developing it must be identified. Since not all 

stakeholders have the same tasks and assignments, they 

are interested in different information. The designer of an 

application program is typically interested in matters such 

as functional division and data interchange, not data types 

and programming languages, which instead is the interest 

of the programmer. Consequently, the CIO must decide 

on what questions are useful in the context of the 

enterprise software system. Furthermore, the utility of the 

answers to these questions must be estimated. This utility 

comes in the form of better-informed decisions. The 

outcomes of these decisions may be valued, e.g. in terms 

of money, which in turn provides a base for assessing the 

value of the answers. 

However, estimating the utility of the specific concerns 

of all CIOs cannot be done once and for all. Some general 

methodological support may be provided, but the main 

assessment must be performed on an enterprise-specific 

basis.  

2.2 Relations Between Questions, Answers and 
the Meta-Model 

Providing an explicit description of how answers can 

be derived from the meta-model is vital. These relations 

can be expressed as analysis procedures linked to the 

meta-model; i.e., given a certain model (an instance of the 

meta-model), what answers can be elicited by applying 

the analysis procedures? The enterprise software system 

discipline is full of such rules and heuristics. These 

analysis procedures do not have to be at all complicated 

or convoluted, they can very well be trivial, claiming for 

instance that two software systems will be hard to 

integrate if they do not share at least one common 
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protocol. In general, analysis procedures will be 

indicative rather than conclusive on the (high) level of 

abstraction that the CIO is limited to; e.g., a simple 

protocol name matching analysis is an indicator for 

integrability, not a conclusive measure. The ESSA-

specific analysis procedures in turn influence the design 

of the ESSA meta-model. It is important to remember that 

the meta-model is developed for the purpose of answering 

some specific questions, and since the analysis procedures 

indicate what architectural information is required to 

answer these questions, the procedures influence the 

design of the ESSA meta-model. However, in practice 

these two steps are not performed serially; rather, the 

meta-model and the analysis procedures are elicited in 

several iterations.  

2.3  Cost of Information 

There is a cost associated with capturing the necessary 

information for the ESSA model in order to gain utility 

from the answers to the CIO’s questions. In order to 

determine whether it is rational to answer specific 

questions this cost need to be estimated. The cost is 

mainly related to the resources spent on searching for and 

acquiring the required information. It is often the case that 

relevant documentation or knowledgeable personnel are 

difficult to find. Imagine, for instance, information that 

has to be reverse engineered from source code; this 

information is very expensive.  

Thus, acquisition of information must be traded off 

against the utility gained. In order to do this, the search 

cost must be estimated in advance. This aspect is 

oftentimes underestimated in many related architectural 

initiatives in industry, and likewise in literature. There are 

several ways in which this search cost may be estimated. 

For instance, a statistical approach, assessing the average 

search cost of different architectural entities, is feasible. 

Another option may be the use of a dedicated 

architectural information view, considering the 

distribution of architectural information across the 

enterprise [24]. These methods will not be elaborated on 

in this paper. 

2.4 Utility-Cost Analyses of Answers 

An important activity is the utility-cost trade-off, 

relating the utility of answers to their costs. This activity 

may be employed to select the most relevant set of 

questions for the CIO. Briefly, every question is related to 

an answer with an expected utility and cost. The 

interesting questions are, of course, those associated with 

a higher utility than cost. However, since the cost of an 

answer is related to the architectural information required 

to perform the related analysis procedure, it is quite 

possible that answering one question will lower the cost 

of some other answer, since this second answer may be 

dependent on the same architectural information. In other 

words, information once collected may be reused. 

Therefore, costs of answers should not be assessed in 

isolation and the objective of the utility-cost analysis 

should be to find the set of questions that are associated 

with the highest joint net utility
3
.

2.5 A Method for ESSA Management 

Seen as a process for obtaining architecturally 

significant information by creating an ESSA model, not 

all of the above described activities must be done 

specifically for every company. Rather, there are several 

generic activities that could be packaged as tools for the 

CIO.  

3 Net utility being defined as utility minus cost. 

Figure 1. The (real-world) enterprise software system of a specific company is modeled using the language 
defined by the enterprise-specific ESSA meta-model. The meta-model may thus be viewed as glasses that 

project certain aspects of the real world into the resulting ESSA model. This enterprise-specific ESSA 
model is analyzed by different analysis procedures in order to answer the different questions of the CIO.
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In Figure 2, the above discussion is summarized as a 

method for the CIO. The figure presents the tools, the 

CIO activities required for every specific ESSA initiative, 

and the products generated by the CIO activities. The tool 

list, as well as the first three CIO activities, contain 

references to those sections and sub-sections in this paper 

that treat the concepts embodied in each tool. The purpose 

of the fourth CIO activity is to extract an enterprise-

specific ESSA meta-model from the general one, based 

on the enterprise-specific set of questions generated in the 

third CIO activity. This is something e.g. TOGAF 

[11][12] does not address. It rather implicitly states that 

all information should be gathered. The fifth, sixth and 

seventh CIO activities are standard architectural activities, 

collecting information, documenting it in the form of an 

enterprise-specific ESSA model, and employing the 

model for answering the questions.  

2.6 Viewpoints 

Even if the final meta-model contains all the 

information for answering the questions of the CIO, it is 

inconvenient to present this information all at once. The 

employment of viewpoints is a standard strategy for 

abstraction, used within the discipline of software 

architecture, information systems, and business modeling 

[12][13][23][18][21]. Viewpoints are adopted for 

abstracting concerns expected to be relevant for the CIO 

in some specific situation. For instance, at a given 

moment, the main concerns of the CIO may include 

business processes and software systems, but not 

interconnections between the systems. These 

interconnections might, however, very well be relevant at 

some other point in time. The amount of information that 

should be included in a view is mainly limited by the 

complexity as perceived by the observer [25].  

A viewpoint can thus answer a limited set of related 

questions. This means that only a certain part of the ESSA 

meta-model is depicted at a time. All the relations to the 

other entities of the model are still there, but they are not 

depicted in the specific viewpoint. Of course, if different 

analyses are made based on different views of the ESSA 

model, these analyses should not diverge. Meta-model 

consistency, discussed previously, is a prerequisite for 

sound analysis.  

2.7  Summary 

In this section, an approach for ESSA management for 

the CIO has been presented. The primary message of the 

section is the explicit consideration of the utility and cost 

of answers to the questions of the CIO. Furthermore, the 

importance of meta-model consistency has been 

emphasized. The approach presented in this section will 

serve as a guideline and the driving force for further 

development of the discussed ESSA management 

concerns. 

The remainder of the paper will be spent on outlining 

and describing the scope for two of the general tools, 

namely, a standard set of questions, or concerns, relevant 

for the CIO, as well as the ESSA meta-model. 

Furthermore, the relations between the questions and the 

meta-model will be highlighted. However, the model and 

questions presented here will be subject to change, since 

the development of the ESSA model and its support tools 

is a considerable task, an iterative process is adopted 

where new findings and revisions will be published as 

they become available. 

1. Estimate utility per answer (2.1)

2. Estimate search cost (2.3)

3. Select question set (2.4)

5. Collect relevant ESSA information

6. Generate ESSA model

7. Answer questions

Standard set of questions (3)

Utility per answer estimation method 
(2.1)

Relations between questions and 
meta-model / Analyses (2.2) (4)

General ESSA meta-model (4)

Information search cost estimation 
method (2.3)

Cost-benefit optimization method 
(2.4)

Enterprise-specific set of questions

Enterprise-specific ESSA model

Enterprise-specific ESSA meta-model

4. Generate enterprise-specific ESSA 
meta-model 

Tools CIO activities Products

Figure 2. ESSA method divided into general and specific work tasks. The tool list, as well as the first three 
CIO activities, contains references to the sections in the paper treating aspects of each tool and activity. 
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3. Concerns of the CIO 

The general concerns of the CIO are of great 

variety [4][7][8][10][11][26][27]. However, this paper is 

restricted to those concerns that are related to concrete 

ESSA issues, consequently excluding duties such as 

communicating with other functions within the company 

e.g. CEO and CFO, and detailed management of 

individual enterprise software system projects. To clarify 

the relation to the previous section, concerns may be 

viewed as sets, or groupings, of questions. As previously 

mentioned, the ESSA model constitutes a base for 

answering these questions. The main intention of this 

section is not completeness, but instead to indicate the 

variety and the scope of the questions within each set. The 

concerns considered below are alignment, maintenance,

quality, knowledge and cost.

3.1 Alignment 

Alignment between the business processes and the 

software systems of the enterprise is a topic of outmost 

importance to the CIO [7][8][10][11][26]. The alignment 

issue deals with how software systems, i.e., the 

components of the enterprise software system, can 

efficiently be exploited by the organization and how the 

two cooperate in a coordinated and harmonious 

manner [7][28]. Consequently, in order to achieve 

alignment, the CIO needs to maintain a correct 

description of what software systems are used and needed 

by what business processes, and the resources that are 

consumed and produced within the two. With such 

knowledge, the CIO can react on the needs of different 

parts of the organization.  

3.2 Maintenance 

The CIO has the overall responsibility for ensuring that 

the systems are functioning; therefore maintenance is a 

concern for the CIO [4][7][11]. System maintenance as a 

concern for the CIO is mainly related to keeping track of 

systems that need to be maintained and with what level of 

ambition, including lifetime assessments. For example, 

the CIO needs to know what support is available and if 

any outsourcing contracts are connected with the different 

software systems [5][29]. The procurement, development, 

and integration of new systems as well as the replacement 

and disposal of old systems can be seen as a part of the 

maintenance process for the whole enterprise wide 

software system [7]. In addition, the software systems 

must be upgraded according to new requirements, and old 

bugs must be fixed [7]. Furthermore, the CIO is 

responsible for making the prioritizations among the 

maintenance needs.  

3.3 Quality 

Determining quality attributes for different parts of the 

enterprise software system, such as reliability, 

modifiability, security, performance, etc, is a means for 

the CIO to assess the value and appropriateness of the 

systems [16][30][31][32][33][34][35][36]. Ensuring a 

certain level of quality of the ESSA is, of course, a basic 

concern [7][11]. Historically, performance has been a 

driving quality when developing software systems. As 

hardware has grown more powerful, and software larger, 

other attributes such as modifiability and security, have 

gained in importance. However, all different qualities 

cannot be achieved at the same time, which leads to an 

inevitable quality trade-off for the ESSA [33]. Quite 

common is the balance between performance and 

modifiability, where for instance, low-level, direct-access 

integration typically renders good performance and poor 

modifiability. Estimating and assessing quality attributes 

is a standard software system architectural activity. 

3.4 Knowledge  

Another area of interest for the CIO is the total amount 

of information and knowledge about ESSA-related issues 

kept within the company [4][27][37][38]. This could be 

knowledge kept by people as well as information stored in 

documents and databases. Key persons and central 

documentation hold information and knowledge about the 

enterprise software system that the company cannot 

afford to loose [27][38]. Consequently, the CIO is 

typically interested in at least a rough picture of how 

much and what kind of knowledge and information is 

available. Moreover, it is important to know where this 

knowledge and information is located within the 

organization and how it could be retrieved. Furthermore, 

the CIO cannot trust all information concerning the 

enterprise software system. Information stored within 

documents, as well as held among people, is frequently 

obsolete or otherwise incorrect [24]. As this is influencing 

the CIO’s understanding of the ESSA, information 

credibility is of significant importance. 

3.5 Cost 

The main reason for aligning the business processes 

and software systems, as described previously, is to 

improve the organizational efficiency, which in turn 

means increased profit or reduced costs [27]. It is evident 

that economic aspects are most important in all the above 

described CIO concerns [7][11]. But, of course, the 

systems are not only beneficial to the economy of the 

enterprise. Maintaining, as well as achieving qualities of 

the enterprise software system is expensive, both in terms 

of resources and money. Thus, in principle, this parameter 

could have been distributed all over the other concerns. 

However, since this aspect is so important, many CIO’s 

manage it as a separate concern [10][11].  
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4. An Enterprise Software System 
Architecture Meta-Model 

Given the concerns of the CIO outlined in the previous 

section, this section will elaborate on how a suitable 

ESSA meta-model can be constructed. Containing a 

vocabulary of entities and relationships, the meta-model is 

a language in which the ESSA model can be expressed. 

Entities and relationships may be specified on different 

levels of abstraction. For instance, we will subsequently 

propose data as an entity of the ESSA meta-model. But in 

order to describe the kind of data that is used in an 

architecture, a data taxonomy
4
 is required. In most 

companies such a taxonomy would contain concepts such 

as customer, price, contract, etc. However, these data 

entities could be further decomposed into fairly deep 

hierarchies. 

Turning to the specific context of the enterprise 

software system, there are a number of fundamental 

aspects that need to be modeled, such as software 

systems, business processes, and data within the 

company. These aspects, presented within the proposed 

ESSA meta-model as entities, are discussed in the first 

subsections below. The entities possess certain 

relationships to each other, which are considered in the 

penultimate subsection. In the last subsection some 

viewpoints are exemplified. 

4.1 Entities  

The entities that have been chosen for this ESSA meta-

model are software components, software connectors, 

users, data, functions, business processes, organizational 

units, and information carriers. The authors’ intention is 

not to be innovative or controversial in the choice of the 

entities and the description of them. Below, the entities 

are first described on a high abstraction level. Then the 

relations between the entities and the concerns of the CIO 

are considered.  

4.2 Software components 

Software components are probably the most central 

entities in the ESSA meta-model. These entities are what 

we naturally think of as the actual software and its 

execution, i.e. software components that execute 

functions and handle data. Traditional software 

architecture literature [15][16][39][40][41] speaks of 

software components as one of two (along with software 

connectors) fundamental entities that build up the 

software architecture.  

Software components address the CIO’s major 

concerns described earlier in Section 3. For example, this 

entity is needed in order to support the modeling of 

4 In this paper, taxonomy is used to represent a hierarchical classification 
system, relating entities to their sub-entities. 

system ownership and the relationships between systems 

and business processes in the context of business 

alignment [7][11]. The software components entities also 

need to be modeled when the CIO focuses on the 

maintenance [11] or any of the quality issues of the 

ESSA.  

4.3 Software connectors 

Software connectors are together with software 

components the major entities in traditional software 

system architecture and can be seen as links between 

components [15][16][39][40][41][42]. In this sense, 

software connectors are abstractions of communication 

mechanisms. These communication mechanisms may be 

simple, as protocols or communication standards, or 

complex ones, incorporating the workings of operating 

systems or middleware.  

Software connectors are related to several of the CIO’s 

concerns [38]. When a new software component is

deployed, the CIO needs to know how this software 

component communicates with other software 

components. The software connectors are also of interest 

when considering how the failure of some specific 

software component affects other parts of the enterprise 

software system. Furthermore, the software connectors 

are of interest when analyzing performance issues. This 

entity is also of interest in the context of modifiability 

analyses as well as for other quality attributes [7].  

4.4 Users 

The users in the enterprise software system, as the 

entity name implies, refer to the people interacting with 

the software components. Commonly, humans are 

regarded as the context to software components and 

connectors [15][16][17]. However, just as software, 

humans may execute and transfer functions and data 

between entities. For example, people perform trading 

services or read recommended production data from one 

software component and write it in another software 

component, or tell someone else to do it. These 

‘manually’ performed operations need to be depicted in 

the model, in order to give the CIO a comprehensive 

understanding of the enterprise software system.  

Human interaction is of importance for several 

analyses, such as the usage and knowledge of software 

components [7][11], the overall business performance and 

efficiency, and what business processes they take part in, 

which is of value when considering business 

alignment [21]. 

4.5 Data  

Keeping an up-to-date and consistent picture of the 

enterprise’s total amount of data is a resource-demanding 

activity for many companies, since the amount of data 

usually is quite significant. Data is typically stored within 
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databases and might, in the enterprise context, for 

instance represent customers, accounts, agreements, and 

production results [7]. Other aspects of data that may be 

modeled include how the data is structured and 

manipulated, relationships among data, how different data 

are associated and influencing each other, 

etc. [11][43][44]. The same data can be used in different 

business processes and software systems, which therefore 

become relevant to model. 

The data entity is needed in the context of business 

alignment, for instance when considering what data a 

certain business process needs and where that data is 

located [7]. From a business alignment perspective, it is 

also of interest to consider how data relates to each other 

and to software components. This is also of interest to the 

quality concern, for example for identifying redundant 

data. Furthermore, the CIO needs to model the reliability 

of the data, i.e. the probability that the functions get hold 

of a particular data. There are of course other questions 

concerned with quality attributes where the data entity is 

of interest.  

4.6 Functions 

Typically there is a substantial amount of functions in 

an enterprise software system. In general, functions 

operate on data according to business rules [43][44]. 

Examples of functions include high-level concepts, such 

as enterprise resource planning, as well as lower-level 

tasks, such as adding a customer record to a database. In 

analogy to data, functions may be classified by 

taxonomies. Furthermore, they may be associated with 

attributes, such as performance or reliability properties. 

The relation of the CIO’s concerns to functions is 

similar to the that of data. Besides issues related to 

business alignment, quality in the terms of functional 

redundancy are of interest [7][37][43]. Furthermore, the 

CIO might be interested in the performance of certain 

functions and the security, for instance in terms of 

preventing unauthorized access to certain functions 

[5][44].  

4.7 Business processes 

A business process is a goal and production-oriented 

activity of the enterprise that takes a certain input and 

creates output adhering to the process goal, e.g. customer 

attention, production of goods, or business support 

[21][27][28][45]. Business processes are in turn broken 

down into a number of steps or activities that are 

performed according to a set of rules [21].  

Traditionally, business process modeling has preceded 

the software system development, but recently the 

separation between the two domains has become more 

blurred. Today, for instance, software applications often 

shape the business processes rather than vice versa 

[27][28]. Consequently, managing the relationship 

between the two domains is becoming increasingly 

important. The business process entity is an obvious part 

in the analysis of the business alignment concerns, but 

also from a quality perspective.  

4.8 Organizational units 

In organizations, people are, with few exceptions, 

divided into different, typically hierarchically ordered, 

organizational units, such as divisions, departments, 

sections, etc [46]. These organizational units are related to 

various ESSA entities [7][21][46]. For example, they 

might be owners or users of software components, 

perform business processes, and, of course, users belong 

to them. The organizational units are therefore an 

important aspect for the CIO to consider [11].  

For the business alignment concern the question of 

what organizational units are using a software component 

is interesting [11][46]. Within the system maintenance 

concern the CIO might want to know what organizational 

Figure 3. A basic ESSA meta-model. (Information carriers are not included in the figure since they would 
only make the figure more complex and their relationship to the other entities are simple). 
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unit is responsible for maintaining which software 

component in order to make sure that no unauthorized 

modifications are made, to keep track of maintenance 

contractors etc. [7][11]. In connection to the competence 

of personnel the CIO might want to know to what 

organizational unit users and information carriers belong 

to and what organizational units have information about 

some parts of the enterprise software systems [27].  

4.9 Information carriers 

Apart from modeling the technical and business-

oriented aspects of the enterprise, the CIO is also 

interested in knowledge of the enterprise software system 

that is to be found in documents and people [11][27]. The 

information carrier is modeled as anything within the 

company that has information relevant to for the ESSA. 

Typically, there are plenty of documents within the 

company describing the above presented entities. One 

might suspect to find descriptions of software system 

functionality, business processes, data taxonomies, and so 

on. Furthermore, all this information is also residing 

within the heads of the personnel. This entity as a part of 

the ESSA meta-model is further elaborated in [24].  

Clearly, this entity relates to the knowledge concern of 

the CIO. However, keeping track and managing the 

company’s collected information resources is also of vital 

importance when deciding on maintenance initiatives 

[11][27][44]. Modelling information carriers can, for 

instance, support the CIO with identifying information 

inconsistencies, inefficient information flows, and 

incomplete architectural awareness, as well as identifying 

central persons, functions and documents.  

4.10 Relationships between entities 

A sound ESSA meta-model requires consistency 

among the entities; well-defined relationships are 

important for this objective. The entities and their primary 

relationships to each other are presented in Figure 3. An 

example of the relationships between entities illustrated in 

the meta-model is as follows: The users belong to one or 

many organizational units and they are allowed to 

manipulate and create data and can perform functions. As 

seen in Figure 3, information carriers are not included in 

the model. The reason for this is to keep the picture of the 

meta-model simple since information carriers have 

relationships to all of the other entities. The information 

carriers contain information about the other entities 

except for organizational units, which the carriers belong 

to.  

4.11 Viewpoints 

One single document presenting a complete ESSA 

model would surely be unmanageably complex. 

Therefore, viewpoints are used (cf. 2.6). Literature gives 

many examples of standard viewpoints [11][12][15][16] 

[17][18][21][23]. Two examples of traditional software 

architecture viewpoints are the “conceptual architecture 

view” [15] and the “component-and-connector 

viewtype” [37], which can be used for answering 

questions concerned with communication between and 

integration of software components within the enterprise 

software system, as well as some questions about 

functionality distribution. For organizational aspects, the 

“business process view” [21] can be employed. This 

viewpoint answers questions that have to do with how 

business processes are organized and how they 

communicate, as well as how software components and 

organizational units relate to the processes.  

These two viewpoints can be implemented in the 

presented ESSA meta-model. So could also several other 

possible viewpoints, such as the architectural information 

view focusing on the information carriers [24], or for 

instance an ownership view, highlighting organizational 

units’ relationships to software systems. By focusing on 

some of the entities of the model, while excluding others, 

is it possible to create a large number of views of the 

ESSA model. Thus, as argued previously in this paper, 

views are rather a matter of convenience than a means for 

defining an architectural model. 

5. Example 

In order to clarify how the suggested approach could 

serve the CIO with answers to important questions, a very 

brief and somewhat trivial example is described below. 

The example constitutes a small part of a case study 

conducted at a large North European energy company 

[24].

Suppose the CIO has estimated that there is good 

utility in the concern of architectural knowledge within 

the company (as suggested in chapter 3), then there are 

several aspects in which it becomes relevant to gain 

insight. One such issue is persistency of architecturally 

relevant information scattered throughout the enterprise. 

This aspect in turn could be indicated or estimated by 

answering concrete questions such as: “is a specific piece 

of information documented or not,” and “is the 

information stored redundantly?” In order to acquire 

answers to these questions an enterprise-specific ESSA 

model including information carrier meta-model entities 

is needed. Further, suppose that the “specific piece of 

information” happens to be how functionality and data is 

distributed over software systems, then also these three 

entities must be included in the ESSA model. So, a model 

depicting information carriers (in terms of humans and 

codified repositories such as documents or databases) and 

a relationship indicating whether they possess data and 

functionality information of a certain system can be used 

for answering these questions. If information is 

documented or not will be revealed by the trivial analysis 
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procedure connecting the information to what kind of 

carrier it is stored in; human or codified (thus assuming 

that codified information is persistent while human 

knowledge is not). Analogously, information redundancy 

is simply answered by counting how many carriers that 

store the same information. (Just for clarification, it is 

worth noting that the granularity of the information may 

vary with needs of the CIO: the model might only depict 

that certain information carriers stores data or 

functionality, or more ambitiously, the model might 

contain information about which functionality and data 

that is stored.) 

Incidentally, a slightly more elaborated model than the 

one presented in this example may be used as a support 

for estimating the search cost in obtaining the actual 

content of the architecturally significant information.  

6. Conclusions and Further Works 

This paper has proposed an approach for Enterprise 

Software System Architecture (ESSA) management, 

primarily intended for the CIO. Firstly, this approach 

argues for the importance of a utility-cost-based reasoning 

with respect to architectural knowledge. The utility of 

knowledge is derived from the increased value of better-

informed decision-making. The cost of knowledge 

acquisition is primarily related to the resources spent on 

searching for the information required by the ESSA 

model. In this respect, the paper addresses the problems 

related to the management of the sizeable amounts of 

architectural information distributed across the enterprise. 

Secondly, as opposed to defining architecture by their 

views, the approach places the meta-model in the center 

of the architectural effort, thus ensuring the consistency of 

the architectural model. 

Future publications will delve into the details of the 

proposed approach by elaborating on the individual tools 

and methods outlined herein. 
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