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Abstract:    Enterprise architecture (EA) efforts focus on business, technology, data, and application architecture, and their inte-
gration. However, less attention has been given to one of the most critical EA elements, i.e., users (EA audiences). As a result, 
existing EA management systems (EAMS) have become old, large, content-centric document-repositories that are unable to 
provide meaningful information of use to the enterprise users and aligned with their needs and functional scope. We argue that a 
semantic technology based mechanism focusing on enterprise information and user-centricity has the potential to solve this 
problem. In this context, we present a novel ontology-based strategy named the user-centric semantics-oriented EA (U-SEA) 
model. Based on this model, we have developed a user-centric semantics-oriented enterprise architecture management (U-SEAM) 
system. Our approach is generic enough to be used in a wide variety of user-centric EAM applications. The results obtained show 
computational feasibility to integrate and govern enterprise information and to reduce complexity with respect to interoperability 
between enterprise information and users. 
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1  Introduction 
 

Enterprise architecture (EA) is a discipline that 
attempts to integrate, govern and analyze enterprise 
elements. These elements, once properly aligned 
together, create synergy in achieving enterprise ob-
jectives. Consistent with this concept, The Open 
Group Architecture Framework (TOGAF) defined 
EA as follows: “EA is about understanding all of the 
different elements that go to make up enterprise and 
how these elements inter-relate” (Schekkerman, 
2004). This definition, further explicated by Aier and 
Marten (2006) and Ross et al. (2006), describes the 
important elements of EA including technology, 
process, business, and people. However, in the EA 
literature while the first three elements have been in 

the subject of many detailed studies (Schekkerman, 
2004; DoDAF, 2007a; FEA, 2007) the last element 
(i.e., people or ‘users’) has been the subject of only a 
few (e.g., Zachman, 1987). Therefore, this paper 
concentrates on the ‘user element’ of EA, which is 
referred to as the human capital of enterprise. We 
adopt the term ‘users’ based on the ISO 13407 model 
(ISO, 1999). The notion of ‘users’ includes enterprise 
planners, analysts, designers, constructors, informa-
tion asset owners, administrators, managers, custom-
ers, etc. (depending upon the enterprise stakeholders). 
We consider bringing the notation of ‘users’ into the 
delivery process of EA with respect to information 
interoperability as well as information governance, 
and their relationship with the enterprise users. The 
user-centricity based policy element of information 
governance is concerned with matters such as “Who 
owns information?” Blumenthal (2007) noted that 
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user-centric EA represents a new and improved way 
of practicing this discipline. We extend this notion 
and argue that user-centric semantic technology ori-
ented EA management (EAM) creates synergy that 
extends and expands the goal of actionable EA. It 
does this by providing useful information to the en-
terprise users through semantics-based interoperabil-
ity and governance that is beyond the traditional EA 
(the classical business-IT alignment story). Seman-
tics-based information interoperability and govern-
ance ensures that business missions are mapped ac-
curately to the information products and services 
developed and that they are useful for users and re-
usable for the enterprise. This requires a logical inte-
gration of IT and business processes mapped with the 
users’ needs (roles, domains, access rights, require-
ments, and preferences). In essence our aim is to 
promote collaboration among human actors and, en-
terprise and information assets, rather than only in-
teroperability among computers (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Through this approach, EA can be used to de-
crease the level of complexity to achieve interopera-
bility between IT systems, business processes, and 
users. It may also help to increase understanding 
among human actors.  

This paper is organized as follows. In Section 2, 
we discuss current issues. Section 3 highlights some 
of the limitations in existing EA management system 
(EAMS) approaches and sheds light on the limitations 
of conventional EA frameworks and current systems 
that follow these frameworks. Section 4 focuses on 
the capabilities of semantic technology. In Section 5, 
we describe the proposed model and developed ar-
chitecture. The implementation, including a case 
study, is presented in Section 6. In Section 7, we 

briefly compare our proposed approach with existing 
approaches. Finally, in Section 8, we highlight the 
potential benefits of our approach and suggest direc-
tions for further studies. 
 
 
2  Existing EAMS and current issues 
 

Existing well-known EAM systems, such as se-
lect component architect, casewise and adaptive sys-
tems, are content-centric (mashing up heterogeneous 
data sources) and thus become large repositories. 
Such approaches are also time-consuming because of 
the need to manually map information to ensure that it 
is provided to the correct user. Zachman (2005) con-
sidered that time consumption was one of the most 
important issues in EA. Several questions relating to 
‘user-centric’ focused information interoperability 
and information governance (ECU, 2008) have not 
been clearly answered in the existing EAM literature: 

• Governance perspective: How can certain top 
or middle managers (planners, designers, constructors, 
administrators, managers, etc.) be enabled to under-
stand the needs of enterprise users and the value 
(usefulness) of cross-functional information assets? 
How can the functional scope and responsibilities of 
enterprise users be defined, and classified? (Who is 
involved in what? Who owns what? And who wants 
what?) 

• Interoperability perspective: How would cer-
tain users (information consumers) experience in-
formation interoperability among enterprise systems 
to perform their tasks? 

• Interoperability and governance perspective: 
How can users’ needs and expectations about the 
information assets that an enterprise has to offer or 
may provide be matched for effective operation? How 
can information resources (products/services) be 
accessed by certain users (policies and access rights)? 
Have alternative information resources been consid-
ered for enterprise users across different domains? 

Existing EAMSs have limitations in answering 
these questions: 

• Most EAMS models are either too complex or 
too simple (lacking required features) to implement 
and do not focus on solving the enterprise users’ 
business problems on a runtime basis. 

• Existing EAM methods have an unclear vision 
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about information interoperability and governance 
with respect to the users; if nobody wants the specific 
resource, time should not be spent in developing it 
(Blumenthal, 2007). This highlights the need for  
semantics-based governance. 

• Most of the EAMSs are content-based document 
repositories which lack practical methods for seman-
tic interoperability at the user’s context level. For this 
reason, users do not have a clear understanding of EA. 

These issues are the logical outcome of frame-
works that are data- or net-centric such as DoDAF, 
TOGAF, and Gartner; these frameworks offer guide- 
lines only from a strategic IT point of view and hence 
only partially mention the notion of enterprise users.  
 
 
3  Limitations of EAM systems/applications 
 

A number of EAM systems partially adopt se-
mantic technologies but do not pay enough attention 
to user-centric needs. User-centricity and its effi-
ciency are not specific features of these systems (Ta-
ble 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4  Semantic technology capabilities—poten- 
tial toward EAMS 
 

Semantic technology uses ontologies. An on-
tology is a symbolic logical model of some part of the 
meanings of the notions used in a field, i.e., those 
things that are universally true or true by definition. 
The key relationship in an ontology is ‘subsumption’ 

or ‘kind-of’. Every instance of a ‘subkind’ must be an 
instance of the ‘kind’, without exception. Typically, 
ontologies are implemented in logic languages such 
as resource description framework (RDF) or Web 
ontology language (OWL) or in frame systems such 
as Protégé-Frames. 

Ontologies have been used for enterprise sys-
tems (Cui et al., 1999; Qiu, 2006). The required ca-
pabilities described in Sections 2 and 3 can be ob-
tained by semantically identifying users’ require-
ments and their relationship with the enterprise in-
formation assets and storing their metadata informa-
tion in the ontologies. An ontology-driven 
OWL/RDFS (OWL, 2008) semantic interoperability 
technique can be useful for achieving an enterprise’s 
objectives, such as gaining more customers, reducing 
operational costs, increasing agility, or improving its 
ability to measure the benefits generated for end-users. 
The goal of semantic interoperability is to be able to 
recognize and process semantically equivalent in-
formation homogeneously, even if instances are het-
erogeneously represented, i.e., if they are structured 
differently, or are using different terminology sys-
tems. This equivalence factor needs to be robustly 
computable and not just human readable, in order for 
guidelines, alerting and decision support components 
to function effectively across enterprise systems. To 
achieve this, the next section describes our proposed 
approach, called the user-centric semantics-oriented 
EA (U-SEA) model.  
 
 
5  The proposed U-SEA model 
 

Typically, there are two extreme approaches for 
creating and managing an EA using frameworks: 
top-down (e.g., Zachman, 1987) and bottom-up (e.g., 
DoDAF, 2007b). In a mature, medium-to-large or-
ganization, both these approaches could take consid-
erable time with little return on investment (ROI). 
The U-SEA model approach fosters horizontal inte-
gration and vertical adaptation in a process-oriented 
way. Our proposed model (Fig. 2) illustrates em-
ploying interoperability and governance as an enter-
prise process medium and also employing them at a 
technical level. Our U-SEA model (Fig. 2) focuses on 
user-centricity and, based on the vision presented in 
Fig. 1, has the following aims: 

Table 1  Limitations of existing EAM systems 
EA systems/ 
applications 

Languages, 
frameworks 

Features with 
user-centricity 

Adaptive EAM FEAF User-centricity N/A 
Enterprise re-
pository 

FEAF User interaction 

Modeling & vali- 
dation tool set 

DoDAF User-centricity N/A 

Corporate mod-
eler enterprise 
edition 

Casewise frame-
work, FEAF, 
eTOM, DoDAF 

Repository-based, 
Partial users control 

Samu Not specified Data-centric,  
User-centricity N/A 

Select component 
architect 

Zachman UML profile & com-
ponent-based 

N/A: not available 
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• To build and preserve knowledge, by providing 

different stakeholders with an environment for storing 
information objects that is secure, scalable, and easy 
to use. 

• To reuse users’ information in different projects 
and not to start analysis from scratch every time, 
wasting time and cost. 

• To reuse stored information about enterprise 
information assets for decision making. 

The proposed U-SEA model represents an in-
formation interoperability and governance mechanism 
with respect to enterprise users. The mechanism of 
information governance is illustrated in the top layer 
cell while the semantic core is shown in the bottom 
layer. Processing interoperability is shown in the 
middle layer. The processes in the middle layer are 
divided into three core capabilities: capability tax-
onomy and definition of vocabulary, capability 
granularization, and capability alignment (aimed at 
establishing the best practices). The first cell in the 
processing layer, capability taxonomy and definition, 
deals with the users and information assets vocabulary 
capturing, processing, and storage. The second 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cell, capability granularization, deals with preproc- 
essing of stored information in the context of users. 
The last cell, capability alignment, deals with the 
representation of mapped information to the users 
(see Section 6 for details). The proposed model 
packages together the business and IT processes that 
create a synergistic environment while collaborating 
with each other to benefit the enterprise users. Based 
on the U-SEA model, a logical architecture called 
U-SEAM has been developed. We propose that the 
eight cells (eight sub-component models) represent- 
ing a directed graph (with arrows), are a good starting 
place to create and manage a user-centric EAMS.  

5.1  U-SEAM  

Fig. 3 presents an architecture called user- 
centric semantics-oriented architecture management 
(U-SEAM). It shows the interoperability of enterprise 
information assets with the users through ontological 
knowledge and machine processable semantic de-
scriptions. The architecture is based on four ontolo- 
gies: users ontology, enterprise ontology, domain 
ontology, and enterprise assets ontology. 
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Fig. 2  Schematic of the user-centric semantics-oriented EA (U-SEA) model 
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As a first implementation step, we have devel-
oped a user model that deals with identifying and 
capturing metadata information of users (their types, 
roles, domains, preferences, expected needs, and 
access rights or policies) and storing this information 
in an ontology. 

5.1.1  User model 

To identify and capture the users’ needs, we 
considered the ISO 13407 model (ISO, 1999). This 
model (Fig. 4a) comprises five stages, four of which 
are implicitly joined in a loop. 

Although this process looks iterative, it need not 
be so. If required, it may be converted into a waterfall 
life-cycle model simply by going through only once 
(in which case, there is simply more focus on users’ 
needs and evaluation of users’ requirements than 
would normally be expected in a conventional system 
development). However, the true benefit of this 
model emerges when it is used to guide an iterative 
development process. In our approach, the information 
captured from users’ requirements is populated in an 
OWL/RDFS ontology which helps present a shared 
understanding of the concept ‘user’ in a common 
vocabulary format called user model ontology 
(UMO). The UMO includes user type (internal and 
external enterprise users), user description, access 
rights, responsibilities, preferences, and domains to 
which a certain type of user or set of users may belong. 
In UMO, the enterprise internal users can be catego-
rized into different sub-types such as top-, middle-, 
and operational-level management. Similarly, the ex-
ternal users can be categorized as customers, vendors 

and so on based on the enterprise needs. The UMO 
format helps in answering the questions such as “Who 
are the users? To which domain do they belong? What 
kind of information would different types of users 
expect to view from many different systems across 
the enterprise? What are the policies, workflows, and 
processes that a user needs to know in order to execute 
a business function? Who will be impacted if there is a 
technological change that may introduce new 
functions?” Fig. 4b shows a graphical representation 
of the user’s view in use-case fashion. 

After capturing the users’ metadata information 
and storing it in UMO, the next step is to capture 
metadata about enterprise information assets and to 
store it in enterprise assets knowledge (EAK). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1.2  Enterprise assets knowledge 

We propose the attribute-based approach for 
storing the available enterprise information assets in 
semantic form. The attribute-based approach empha- 
sizes the availability of metadata (attributes) about the 
enterprise information assets. This involves capturing 
information regarding products, services, resources, 
applications, software, hardware, projects artifacts 

Fig. 3  User-centric semantics-oriented EA management 
(U-SEAM) architecture 
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and so on. These assets should be provided with the 
metadata (attribute-based description of the asset) in a 
centralized knowledge base (U-AIR in our approach) 
resulting in the accurate description of resources. This 
knowledge base is further used to recommend enter-
prise resources to the users. The description depth of a 
resource can vary depending on its features. The 
metadata information can be described but the 
information is not restricted to the content of the asset 
(e.g., what is in the service package?). It may also 
include the domain, provenance (history up to the point 
of capture) and ownership of the asset, rights of access 
and many other features (depending on the set 
standards in the organization). Fig. 5 shows a 
conceptual sketch of the EAK. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The operational focus of the EAK is as follows: 
• To store information about enterprise digital 

assets in OWL/RDFS metadata format. This contrib-
utes to improving the enterprise user’s knowledge. 

• To provide support for the availability of cap-
tured information from several domains’ ontologies 
so as to relate them to the user’s needs.  

To create the structure for the EAK, we did not 
consider DOAP ontology (DOAP, 2007) or Dublin 
Core (DCMI, 1995) since DOAP is limited mainly to 
software projects while Dublin Core has limited ex-
pressiveness (Veltman, 2001). 

5.1.3  Filtering process 

The objective of a filtering strategy is to discover 
attributes of enterprise information assets (also referred 
to as items) that are defined in the EAK and appeal to 
the users, if defined in UMO. We used the similar 

direct-matching approach (Mena et al., 1996) with an 
extension of ontology-based semantic annotation (SA). 
An ontology-based SA is SA that associates a resource 
to the concepts of reference ontology (RO) shown in 
Fig. 6. The filtering phase selects nodes and properties, 
and maps them with the UMO. We do this using the 
UMO based SA technique, which is an extension to the 
technique proposed in LEKS (2008). An enterprise 
information asset (e.g., an article document related to a 
new marketing strategy) is relevant if it is semantically 
associated with at least one concept in the UMO of a 
user whose role is a marketing strategist.  

 
 
 
 
 
 
 
 
 
 
 
 
This mechanism works as a concept explorer, as 

it detects those concepts that are closely related to the 
user’s roles or expected needs by exploring the enti-
ties and semantic associations inferred using the fol-
lowing rule: Given a description of two concepts, we 
measure their semantic similarity by recursively 
comparing the existing relations among all the con-
cepts involved in the description. 

After this filtering phase, the information cap-
tured in UMO and EAK is mapped and stored in the 
U-AIR. Thus, U-AIR is the outcome of the filtering 
and mapping process. 

5.1.4  Users-assets information registry (U-AIR)  

U-AIR format is an OWL/RDFS based ‘classi-
fied knowledge repository’. U-AIR is the centralized 
source of record in the hierarchical form of metadata 
that describes records as portfolios. More precisely, 
each portfolio describes relevance between enterprise 
information assets and enterprise user types and their 
related domains. Representing the enterprise infor-
mation assets in a classified manner is a convenient 
way to structure and build the relationship repository, 
which improves processing efficiency.  
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Fig. 6  Semantic annotation 

Fig. 5  Enterprise assets knowledge (EAK) model
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U-AIR has four main columns. The first column 

‘portfolio code’ represents tuple ID which is an inte- 
grated form of the user type and information related to 
it in the next three columns. In this context, U-AIR 
can be regarded as a ‘centralized knowledge-base’ 
operating within a holistic integrated and governance 
model. It helps to produce aligned outputs providing 
enterprise information assets and their relationships to 
the users. The inferred knowledge is processed in the 
reasoning and inferring phase. 

5.1.5  Reasoning and inferring 

We deploy a reasoning and inferring mechanism 
using OWL language that supports the object’s 
properties with several relationship types such as 
inverse and transitive. This phase deals with the in-
formation assets’ access rules that help in recom-
mendations of information. It is based on the system 
processing automated suggestion algorithms. 

• To access information assets and integrate 
them with identified user types based on their rele-
vance. 

5.1.6  Semantics-oriented approach based recom- 
mender system 

In general, the recommender systems attempt to 
predict some resources (information products/ 
services) in which a user may be interested. As noted 
by Cornelis et al. (2007), various explicit and implicit 
data collection methods have been used. Examples of 
an explicit data collection method in online systems 
such as amazon.com include: asking a user to rate an 
item, asking a user to rank a collection of items, 

asking a user to choose the better of two items, and 
asking a user to create a list of items that he/she likes. 
The implicit data collection is achieved mainly by 
keeping sufficient purchase records and a profile of 
clickdata. To generate the recommendations, a set of 
algorithms is developed to analyze the data and gen-
erate a list of recommended items. Four main types of 
recommendation approaches have been identified 
from the research literature: content-based, CF-based, 
knowledge-based, and a hybrid approach. Details of 
each recommender system are beyond the scope of 
this paper. However, a semantics-based recommen-
dation mechanism has been developed that aligns user 
information in relation to the enterprise information 
resources (Fig. 8). 

 
 
 
 
 
 
 
 
 
 
 
 
 
The basic task of a recommendation process is to 

find all the records that are similar to single or mul-
tiple concepts, i.e., having the same attributes as those 
requested. An ‘exact’ mapping is the set of all the 
records that have exactly the same attributes re-
quested. A ‘similar’ mapping comprises sets of re-
cords having some variations between their attributes 
and those required. In the case of a search, for in-
stance, if the query requests year 2006, an exact 
match will be the set of all the records found having 
the year 2006. A ‘similar’ set will be all the records 
having 2005 or 2007 (one year distant, etc.). The 
mapping is done to a set of related attributes. 

Given a description of two concepts we measure 
their semantic similarity by recursively comparing the 
most similar concept available in the ontologies. 

Once the logical infrastructure is equipped, the 
system can then be executed and interacted with the 
users and with enterprise information on a real-time 
basis.  
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5.1.7  Output (view management) 

This phase helps to organize information ob-
tained and to integrate it with the user interface based 
on their portfolio defined in U-AIR. The operations 
include: 

• Identify “How can information be aligned and 
presented in various layers of detail in such a way that 
it is meaningful to a broad array of different users in 
the enterprise?” 

• Develop a high level business description for 
the end user, e.g., steps to share documents collabo-
ratively, such as between users who interact in a 
relevant domain. 

The output (view management) scenario in Fig. 9 
is based on the domain and access levels enabling 
different types of users to decide at what level to 
navigate through an EA so as to view the architecture 
on strategic, functional, information, construction or 
distribution view, using context-driven interfaces. 
 
 
 
 
 
 
 
 
 
 
 
6  Prototypical implementation scenario 
 

For our use-case study, we chose a career/job 
service provider company FemaleJobs.Net in Paki-
stan. The company has three regional offices in 
Pakistan and five departments: IT wing, career 
counseling, customer relationship management 
(CRM), marketing, and finance. Each department has 
more than ten silo applications, including at least two 
in each regional unit. The top management described 
typical issues: inconsistencies in data, difficulties in 
creating single user view across multiple silos (in-
teroperability). The CEO commented that some of the 
expensive enterprise information assets (business 
procedures, models, services, systems built or bought) 
were unused in the departments, e.g., the recruiting 
system. The company was interested in applying an 
EAM solution to solve the issues of information 

governance and interpretability to save cost and time. 
We considered that this was a suitable company to 
test our approach; when there are 40 or 50 units in-
stead of five, the problem to be solved would be much 
larger and more complex. 

6.1  U-SEA model execution 

To solve these issues, we executed the phases of 
the U-SEA model described in Section 5. For ex-
perimental purposes, we asked the teams (domain 
experts in each domain) to register some of the con-
cepts about enterprise information assets (that are the 
instances from an EA perspective that the company 
had) related to each artifact. At the end, each enter-
prise asset had a unique rdf (an ID which could be 
resolved into a uniform resource identifier (URI)). 
Table 2 illustrates the tasks assigned to each domain 
expert. 

 

 

 

 

 

 

 
6.1.1  Capture phase (preliminary) 

We defined the users’ information within the 
UMO based on the ISO 13407 model. We classified 
the users’ ontology into top management, middle 
management, operational management, customers 
and service consumers who interact with the enter-
prise systems. This gives us an understanding of who 
are the users and what are their requirements and 
expectations from enterprise information assets. Af-
terwards, a user’s profile was created that included 
title, type, job description, access rights, domain, 
roles (responsibilities), and preferences. The roles, 
domains, and access rights have a direct effect on the 
view management features. To create precise rules 
around users’ names, we removed the role from the 
name and created a subclass of user for each role. 
Each role has a RoleCode such as rdf:RoleCode.CEO. 
Removing roles from property is a good way to  
keep ontologies reasonable for efficient semantic 
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Fig. 9  View of user interaction 

Table 2  Team and defined tasks 
Activity Scope 

Define users and needs Admin specific 
Define roles/rights (ac-
cess)/responsibilities 

Admin specific 

Integrate useful info, 
usable to users 

EA specific 

Define user-centric quality 
attributes 

Project specific 

Define information assets Information assets admin
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processing. In the context of a job search company, 
we created a number of subclasses for the user’s role 
in the UMO. They included CEO, enterprise architect, 
project manager, recruiting manager, consultant, 
employers, and jobseekers. The following ontology 
(Fig. 10) represents a UMO format at the instance 
level. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Next, we developed the information assets on-

tology called EAK. Fig. 11 is the OWL based  
ontology. 

Once we had captured the users and enterprise 
assets information in ontologies, we executed the 
filtering phase to map the relevant information. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

<Person rdf:ID=“Person_13”> 
<hasMobilePhone rdf:datatype=“http://www.w3.org/2001/ 

XMLSchema#string”>010-2939-1516</hasMobilePhone> 
<hasLastName rdf:datatype=“http://www.w3.org/2001/ 

XMLSchema#string”>Ghani</hasLastName> 
<hasFirstName rdf:datatype=“http://www.w3.org/2001/ 

XMLSchema#string”>Imran</hasFirstName> 
</Person> 
 
<owl:FunctionalProperty rdf:ID=“hasFirstName”> 

<rdfs:range rdf:resource= 
“http://www.w3.org/2001/XMLSchema#string”/> 

<rdf:type rdf:resource=“http://www.w3.org/2002/ 
07/owl#DatatypeProperty”/> 

<rdfs:domain rdf:resource=“#Person”/> 
</owl:FunctionalProperty> 
<owl:FunctionalProperty rdf:ID=“hasTitle”> 

<rdfs:domain rdf:resource=“#Document”/> 
<rdfs:range rdf:resource= 

“http://www.w3.org/2001/XMLSchema#string”/> 
<rdf:type rdf:resource= 

“http://www.w3.org/2002/07/owl#DatatypeProperty”/> 
</owl:FunctionalProperty> 
<owl:FunctionalProperty rdf:ID=“hasLastName”> 

<rdfs:range rdf:resource= 
“http://www.w3.org/2001/XMLSchema#string”/> 

<rdf:type rdf:resource= 
“http://www.w3.org/2002/07/owl#DatatypeProperty”/> 

<rdfs:domain rdf:resource=“#Person”/> 
</owl:FunctionalProperty> 
<owl:FunctionalProperty rdf:ID=“hasUnitName”> 

<rdfs:range rdf:resource= 
“http://www.w3.org/2001/XMLSchema#string”/> 

<rdf:type rdf:resource= 
“http://www.w3.org/2002/07/owl#DatatypeProperty”/> 

<rdfs:domain rdf:resource=“#Organization”/> 
</owl:FunctionalProperty> 
<owl:FunctionalProperty rdf:ID=“hasMobilePhone”> 

<rdfs:range rdf:resource= 
“http://www.w3.org/2001/XMLSchema#string”/> 

<rdf:type rdf:resource= 
“http://www.w3.org/2002/07/owl#DatatypeProperty”/> 

<rdfs:domain rdf:resource=“#Person”/> 
</owl:FunctionalProperty> 

Fig. 10  Users ontology of a user model ontology (UMO) 
format 

<owl:Ontology rdf:about=“ ”/> 
<owl:Ontology rdf:about=“http://purl.org/dc/elements/1.1/”/> 
<owl:AnnotationProperty 

rdf:about=“http://purl.org/dc/elements/1.1/title”/> 
    <rdfs:label xml:lang=“eng-US”>Title</rdfs:label> 
    <rdfs:comment xml:lang=“eng-US”>keyword normally  
    </rdfs:comment> 
    <rdfs:description xml:lang=“eng-US”>list of keywords  
    </rdfs:description> 
    <rdfs:isDefinedBy 

rdf:resource=“http://purl.org/dc/elements/1.1/”/> 
</owl:AnnotationProperty> 
<owl:AnnotationProperty 

rdf:about=“http://purl.org/dc/elements/1.1/description”/> 
    <rdfs:label xml:lang=“eng-US”>Description</rdfs:label> 
    <rdfs:comment xml:lang=“eng-US”>detail about assets    

</rdfs:comment> 
    <rdfs:description xml:lang=“eng-US”>useful for annotation  
    </rdfs:description> 
    <rdfs:isDefinedBy 

rdf:resource=“http://purl.org/dc/elements/1.1/”/> 
</owl:AnnotationProperty> 
<owl:AnnotationProperty 

rdf:about=“http://purl.org/dc/elements/1.1/type”/> 
    <rdfs:label xml:lang=“eng-US”>Resource Type</rdfs:label> 
    <rdfs:comment xml:lang=“eng-US”>classification of asset  
    </rdfs:comment> 
    <rdfs:description xml:lang=“eng-US”>category of asset  
    </rdfs:description> 
    <rdfs:isDefinedBy 

rdf:resource=“http://purl.org/dc/elements/1.1/”/> 
</owl:AnnotationProperty> 
<owl:AnnotationProperty 

rdf:about=“http://purl.org/dc/elements/1.1/identifier”/> 
    <rdfs:label xml:lang=“eng-US”>Resource Identifier</rdfs:label> 
    <rdfs:comment xml:lang=“eng-US”>ID/Code of asset 
    </rdfs:comment> 
    <rdfs:description xml:lang=“eng-US”>Asset Code 
    </rdfs:description> 
    <rdfs:isDefinedBy 

rdf:resource=“http://purl.org/dc/elements/1.1/”/> 
</owl:AnnotationProperty> 
<owl:AnnotationProperty 

rdf:about=“http://purl.org/dc/elements/1.1/coverage”/> 
    <rdfs:label xml:lang=“eng-US”>Coverage</rdfs:label> 
    <rdfs:comment xml:lang=“eng-US”>scope of asset 
    </rdfs:comment> 
    <rdfs:description xml:lang=“eng-US”>Domain</rdfs:description>
    <rdfs:isDefinedBy 

rdf:resource=“http://purl.org/dc/elements/1.1/”/> 
</owl:AnnotationProperty> 
<owl:AnnotationProperty 

rdf:about=“http://purl.org/dc/elements/1.1/rights”/> 
    <rdfs:label xml:lang=“eng-US”>Rights Management</rdfs:label> 
    <rdfs:comment xml:lang=“eng-US”>information about rights on 

assets</rdfs:comment> 
    <rdfs:description xml:lang=“eng-US”>domain related users 
    </rdfs:description> 
    <rdfs:isDefinedBy 

rdf:resource=“http://purl.org/dc/elements/1.1/”/> 
</owl:AnnotationProperty> 
<rdf:RDF/> 

Fig. 11  Information assets ontology of enterprise assets 
knowledge (EAK) 
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6.1.2  Filter phase (preparatory) 

We ran the filtering algorithm recursively to ex-
tract each user’s attributes information from UMO 
and properties from EAK to build taxonomies. We 
then stored this knowledge in the U-AIR. The class 
instances and their properties (in OWL/RDFS format) 
that are relevant to the users were explored in tra-
versal fashion: 

• Role instances (there can be more than one role 
assigned to a user type) that are extracted from the 
UMO as they are successively traversed. 

• Information assets ontology instances extracted 
as they are successively traversed. 

In both traversals we ran the same sequence of 
instructions to explore the classes and their instances 
with different parameters of the user’s roles and the 
enterprise assets: 

• If a node is relevant then continue exploring its 
properties.  

• Otherwise, disregard the properties linking the 
node reached to others in the ontology.  

To implement the common attributes mapping 
process, we adopted the set theory: 
 

Ui={u1i, u2i, …, uni},                      (1) 
 
where i denotes the user and ni varies depending on 
the user’s roles. 
 

Dj={u1j, u2j, …, unj}, 
 

where j denotes the assets and nj varies depending on 
the assets related to a domain. 
 

Ui∩Dj=α, 
 
where α is any number of common attribute lists. 

• The stronger the relationship between a node N 
and the user’s portfolio, the higher the relevance of N. 

• The relevance value was measured by ontol-
ogy-dependent filtering criteria: (1) the length of the 
chain of properties established between N and class 
instances in the user’s profile; (2) the implicit rela-
tionships detected by set theory concepts. 

A particular concept such as a ‘Web service’ can 
be mapped. It has a concept ‘Owner’ who is always a 
‘Person’. An inverse property of the relations shows 
that ‘Person’ has the property ‘isOwnerOf’ which 
helps in finding the relevant resource or owner of 

similar services from the knowledge-base for the 
purpose of recommendation. In our model, EAMS 
essentially considers the information system’s 
evolvement. Its inferring feature deals with the se-
mantic association rules between relevant information 
services and assets to link the common characteristics 
obtained from heterogeneous business domains. The 
knowledge phase contains: 

• Classes and properties instances. 
• Semantic associations between specific user 

roles and enterprise assets (objects). 
This knowledge is stored in U-AIR. 

6.1.3  Store phase (classified U-AIR)—interopera- 
bility purpose 

U-AIR stores and organizes the metadata (about 
enterprise artifacts, products, and resources) in a hi-
erarchical order based on their relevance to the users 
in a tuple. This supports the integration of UMO and 
EAK metadata. This integration enables efficient 
interoperability of enterprise resources and users 
based on the relevance of metadata. The following 
ontology (Fig. 12) is a representation of U-AIR, 
which is a set of relevant concepts. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

<owl:Class rdf:ID=“Person”/> 
<owl:Class rdf:ID=“Organization”/> 
<owl:Class rdf:ID=“Document”/> 
<owl:ObjectProperty rdf:ID=“hasAuthor”> 

<owl:inverseOf> 
<owl:ObjectProperty rdf:ID=“isAuthorOf”/> 

</owl:inverseOf> 
<rdfs:range rdf:resource=“#Person”/> 
<rdfs:domain rdf:resource=“#Document”/> 

</owl:ObjectProperty> 
<owl:ObjectProperty rdf:ID=“hasEmployer”> 

<rdfs:range rdf:resource=“#Organization”/> 
<rdfs:domain rdf:resource=“#Person”/>  
<owl:inverseOf> 

<owl:ObjectProperty rdf:ID=“hasEmployee”/> 
</owl:inverseOf> 

</owl:ObjectProperty> 
<owl:ObjectProperty rdf:about=“hasEmployee”> 

<rdfs:domain rdf:resource=“#Organization”/> 
<owl:inverseOf rdf:resource“hasEmployer”/> 
<rdfs:range rdf:resource=“#Person”/> 

</owl:ObjectProperty> 
<owl:ObjectProperty rdf:about=“isAuthorOf”> 

<owl:inverseOf rdf:resource“hasAuthor”/> 
<rdfs:range rdf:resource=“#Document”/> 
<rdfs:domain rdf:resource=“#Person”/>    

</owl:ObjectProperty> 
 
<preference rdf:ID=“work_preference”> 

<preference_options>emergency call service 
</preference_options> 

</preference> 
Fig. 12  U-AIR ontology 
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Since there are no standards to map the onto-
logical data, we defined our own mechanism for ex-
perimental purposes. For the purpose of parsing 
metadata from ontologies, we categorized the data 
into tuples (subjects, predicates, and objects) with a 
domain category tag associated with each tuple 
(fourth column value in EAK). This aim of this step is 
to find the candidate instance collection for users. 
Next, the data in the domain category (which is not 
presented in this paper) was added into U-AIR. It 
showed that a few classes shared common knowledge 
in the domain ontology and thus were considered 
associated, such as DB admin role and associative 
EAK (Fig. 13b). 

6.1.4  Re-filter phase (iterative) 

The re-filtering phase is a one-step-further 
process to determine information objects related to 
the user’s context (browsing behavior and search 
queries) for recommendation purpose. We used 
pre-defined constraints (mainly on access rights and 
domain associations) that guide the recommender 
system in applying logical filtration from EAK.  

6.1.5  Recommendation phase (context) 

This step is a context-based information rec-
ommendation phase, which follows the same steps as 
described by Ittoo et al. (2006). In user-centric EAMS 
the recommender system should provide personalized 
advice and enterprise assets to users about informa-
tion products (items) or services in which they may be 
interested. Two main operations are performed: (1) 
Identify the users’ types and extract information from 
the portfolio; (2) Analyze the user’s browsing be-
havior, search queries, and recommend relevant in-
formation about available resources. 

We identified two sources for collecting the 
user’s profile information: (1) the knowledge about 
the user’s browsing and search behavior, originating 
from the navigation of the EAM system; (2) the user’s 
explicit portfolio identified in the EAK in the form of 
concepts, relations, and instances. The recommenda-
tions are generated by triggering rules whose condi-
tions match the terms in users’ inputs. To accomplish 
this process, the recommendation phase has two 
sub-functions as follows. 

1. Metadata manipulation. This sub-function 
deals with the scanning of contents and information 

extraction. To enhance the efficiency of recommen-
dation generation, the unstructured users’ inputs are 
first transformed into structured representations. In 
the case of a search, all irrelevant terms, punctuation 
marks, and stop-words are removed. Alphabetical 
characters are converted to a single case, and words 
that have the same roots are normalized to their 
common roots, using a stemming algorithm. For in-
stance, a user’s input “preferred documents charac-
teristics: recruiting process authored by co-worker 
recently” will be converted to “recruiting service 
document in 2009”.  

2. Computing relevance. To compute the rele-
vance we defined D as the total number of product 
documentations describing resources R with type P 
products or type S services. The product documenta-
tions contained the access constraints C to be applied 
to the users with R roles. To determine if A is attri-
bution of a resource R, the system first estimates the 
accuracy with which the set of product documenta-
tions for type P resource represents the entire corpus 
of documentation. The set of documentations for type 
E resource that contain A represents the collection of 
all the documentations containing A and is computed 
by the system. The next step is to compute the accu-
racy with which the set of documentations for type E 
resources that do not contain A, represents the col-
lection of all documentations that do not contain A. 
The attributes are used to formulate classification 
rules of the form: IF <condition> THEN <action>, 
domain=n. The condition is a single word or word 
sequence, corresponding to an information asset’s 
attribute. The action part is the product that the fea-
tures in the condition represent. The rules indicate the 
accuracy of the condition that represents the asset in 
the action part, for example, the information gained 
by representing document Y with attribute ‘jobs’ and 
domain ‘recruiting service’. After acquiring knowl-
edge on document features, the recommendation 
system can perform its recommendation functions. 

6.1.6  View phase (output) 

For the example company, we classified the 
output views into the following order. The top-down 
description of view management represents the views 
in a hierarchy such as enterprise view, organization 
view, unit view, team view, and self view. These 
views are classified into the following categories: top 
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management view, middle management view, and 
operational view. 

• Top management information view: for the 
executive decision-maker who needs to capture a 
great deal of information in a visual way (models and 
diagrams) that can be quickly grasped, analyzed, and 
used to identify problem areas or to make decisions. 
This view will support the aggregation of information 
in order to create one big picture (overview), essen-
tially hiding detailed information that is not relevant 
for decision making (Babu et al., 2008). It is intended 
for CEO, directors, enterprise architects, enterprise 
program managers, strategic planners, etc. 

• Midlevel information view: for the midlevel 
manager. The relationship between middle-level 
management and enterprise information is displayed. 
For example: how functions interrelate, how systems 
interoperate, and how information is exchanged 
among users. The project manager (PM) may, for 
example, want to develop a segment transition strat-
egy. In that case, the midlevel information view can 
be provided. 

• Operational (detailed) view: drill down for 
products, services, inventories or catalogs to view 
information about each item. This view is intended 
for implementers, developers, employers, and job-
seekers (external users).  

Fig. 13a illustrates the output screen view of an 
EA manager in HTML format. The EA manager can 
see the enterprise and domain ontology (Fig. 13a, left 
menu) and their related artifacts (Fig. 13a, center). 
He/She can also see the user types related to those 
domains. In the meantime, the recommender system 
provides advice (keywords that are associated with 
some other enterprise assets; Fig. 13a, bottom right) 
in the form of a cloud that may be of relevance to the 
EA manager based on his/her assigned roles. 

The view in Fig. 13b is shown to the DB admin 
based on his/her portfolio illustrating artifacts related 
to his/her domain.  

One common feature between Figs. 13a and 13b 
is the right-side menu. The right-side menu in the 
browser is the information recommended by the re-
commender system. This information is based on the 
user’s portfolio and browsing behavior and the search 
context. 

During our experiments, the enterprise users 
noted that the proposed user-centric semantics- 

oriented EAM is useful because of its ability to help 
measure the benefits generated for the enterprise us-
ers. The focus on user-centricity (user’s access, 
navigation, sharing views, and interoperability with 
relevant information) is the key to driving a high 
valued business since these people (as users or 
stakeholders) use systems and make decisions. Thus, 
their satisfaction as a ‘happy user’ is an important 
criterion to measure the benefits of EA.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
7  Comparison with existing systems 
 

Although other ontology-based techniques have 
been proposed, our UMO, EAK and U-AIR ap-
proaches differ greatly from these existing systems. 
For example, the foremost difference between our 
technique and the Samu system is not the information 
interoperability and information governance levels 
but is related to the stored knowledge used for EA 
modeling. Samu uses taxonomy based categories for 
representing the resources, whereas our technique 
makes use of the semantic relationships formalized in 
the ontology, enabling the system to carry out rea-

(a) 

Fig. 13  Output screen of (a) EA manager view and (b) DB 
manager view 

(b) 
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soning processes in order to extract additional in-
formation about the users’ roles and enterprise do-
mains. The similar limitation can be found in the 
system proposed in the Altova Enterprise Suite, 
which focuses on modeling. There, knowledge is 
discovered based on analyzing the hierarchical rela-
tionships, making the inference process even more 
complex. 
 
 
8  Advantages of the U-SEAM approach to 
EAM 
 

Our approach has the following advantages: 
1. Responsive to the user’s needs. The enterprise 

users may first want to ascertain what architecture and 
enterprise assets are available that may be relevant to 
their problem or situation. The users should have the 
following options available for finding architecture 
and enterprise data assets of interest:  

• Ability to find information assets (including all 
artifacts data) that may be relevant or potentially 
applicable to a new architecture, software or business 
project. 

• Ability to browse and search a catalog of en-
terprise assets available in all enterprise repositories. 

2. Effective information governance beyond the 
traditional EAM. Based on our proposed framework, 
we achieve the user-centric based policy element of 
the information governance that is concerned with 
matters described in AIIM (2008), such as “Who 
owns information? Who wants what?” In this context 
ownership means ‘Who is responsible and account-
able for?’ Thus, an example of information govern-
ance policy on ownership might be as follows: when a 
document is first created, it is owned by the author, or 
in the case of an email from outside the organization, 
the recipient. Later, after the document has been re-
viewed and accepted, the manager who commis-
sioned its creation may become the owner. Once it is 
declared a record, it is owned by the chief information 
officer (CIO) on behalf of the business. The U-SEA 
model is actionable by all enterprise users, not just IT 
people, which helps to enhance business planning and 
decision-making. One of the primary missions of the 
U-SEA model is to improve IT planning and infor-
mation governance with respect to the enterprise 
policy. The vision is to make information transparent 

to enable better decision-making. This is the value 
proposition that helps in developing and maintaining 
organizational information assets.  
 
 
9  Conclusion and future work 
 

As enterprise architectures (EAs) are often 
overly complex for their intended target audiences, 
the U-SEA model aims to decrease complexity and to 
increase accuracy and efficiency of information 
interoperability and governance. The proposed 
U-SEA model approach simplifies communications 
between the EAM’s users including strategists, 
managers, analysts, designers, and constructors 
through flexible, customizable view management 
interfaces. The stakeholders can expand their exper-
tise to move from ‘view everything’ to ‘interact with 
relevant services’ and into high-performance 
OWL/RDFS semantic technologies. The ultimate 
objective is to increase user productivity and 
satisfaction. In future, we intend to study the efficient 
quality attributes perspective in user-centric EAMS as 
well as to establish a user reference model (URM). 
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