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Abstract. Studies have shown that for the needs of the decision-making
process, it is not enough to take into account the internal aspects of an
organization, but its external business environment should be considered
as well. Due to the rapid changes in the business environments and huge
volumes of data that need to be analyzed, conducting analyses of the
external environment is however challenging. In addition, the knowledge
on the market rules and laws of economy is required in order to recognize
existing relations between market subjects. We argue that the applica-
tion of semantically annotated data can efficiently support the process of
business environment analysis and allow for business network identifica-
tion. Within this paper, we present a set of formal ontologies created to
support such a process as well as identified requirements towards their
scope and operational aspects.
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1 Introduction

Business environments of organizations are undergoing rapid changes and are
characterized by the ever increasing competition, turbulence and numerous
transformations in, e.g., market relations [1,2]. The main reasons of such changes
are: increasing globalization, fast advancing information technology (IT) and
numerous innovations in offered products and/or services. When making busi-
ness decisions, an organization should not only take into account its internal
structure and environment, but should consider the external business environ-
ment influencing it as well, and thus, analyze it on a regular basis [2].

1.1 Business Networks

A business environment may be analyzed either as a static model distinguish-
ing between a proximal and distant environment [3], or as a ‘dynamic’ model
focusing on relations between business entities. Within the latter approach, the
concept of ‘business network’ is used (e.g., [4-6]). A business network is defined
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as a set of relations — either formal or informal ones — connecting two or more
business entities, characterized by a continuous interaction, interdependence (of
resources, objects and actions), and a lack of clear boundaries and structures
[7]. Although organizations are well aware of their formal relations (e.g., result-
ing out of the signed contracts), an awareness problem might arise regarding the
informal ones [7]. The informal relations are not defined by contracts but are the
result of long-term dependencies between entities on the market. They may for
instance take a form of competition between organizations, informal cooperation
when two organizations offer complementary products, or competition when two
organizations share the same supplier. Those kinds of relations are difficult to
keep track of, however, the knowledge about them is of great importance in the
decision-making process, and thus, the identification of informal relations is a
crucial element of every market or business environment analysis [4,7,8].

1.2 Research Problem

Each organization is said to be part of one or more business networks (e.g., [4,8]).
Although studies have shown that organizations that actively use information
about their business networks gain a competitive advantage (e.g., [8]), organi-
zations are not always aware which entities are in their business environment
and what are their characteristics [8]. This is so due to a number of reasons.
Firstly, in the fast-changing markets (e.g., digital markets), it is difficult to keep
track of all arising start-ups, mergers, acquisitions and closing of businesses.
Secondly, the volume of data on organizations and their offering, which is to a
large extent available on the Internet and which needs to be analyzed in order to
identify the business networks, is continuously increasing [3,9-11]. This leads to
an information overload that business analysts have to face while conducting the
business environment analysis [2,12]. Thirdly, the identification of the business
networks requires knowledge about the market and existing relations and ability
to ‘reason’ on the available data.

Taking the above into account, we argue that the business network identi-
fication process can be efficiently conducted by a tool using formal ontologies
fed with the information from the semantic data sources available on the Inter-
net. We assume that by applying ontologies with defined axioms formalizing the
experts’ knowledge on the market and laws of economy, the designed tool would
not only be able to process efficiently available volumes of data, but also to
perform the reasoning required to discover a business network, i.e., to identify
existing relations between business entities — market subjects (i.e., individuals
or groups of legal persons who are capable of performing market activities) and
market objects (i.e., products and services).

As already mentioned, for the needs of this process a set of formal ontologies
providing information on the specific aspects of market subjects and objects
is required. In this paper we focus on the requirements towards the scope and
operational aspects of such formal ontologies as well as the proposed ontology
stack.
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1.3 Research Approach Followed and Structure of the Paper

The presented work is part of a research project that aims at designing a
method for automated identification of business networks. We follow the pro-
active research path based on the design-oriented research paradigm [13]. The
resulting method aims at providing a benefit to organizations by contributing
to conducting automated business analysis on the large amount of semantically
enhanced data sources. The main vision of the method is described in [3]. In this
paper, we focus on the ontologies required to create profiles of business entities.
In order to create the proposed ontologies, we followed the approach proposed
by [14]. To the best of our knowledge, no similar set of formal ontologies for the
needs of business networks identification has been proposed so far. Moreover, no
method or tool support for the business network identification operating on and
taking advantage of the semantic annotations has been proposed.

The structure of the paper is as follows. First, the proposed method for
business entities analysis is shortly presented. Then, after mentioning the exist-
ing initiatives in the area of semantic enterprise description, the requirements
towards the formal ontologies that are to support the business network identi-
fication process are identified. Next the created ontologies for the needs of the
developed method are described. The paper concludes with the short overview
on the evaluation results and an outlook on the future research.

2 A Method for Business Network Identification

The main aim of the proposed method is to support the identification of busi-
ness networks based on the semantically annotated data. Thus, the designed
method is in fact an expert system as it constitutes a computing system capable
of representing and reasoning about some knowledge-rich domain and provides
information/advices [15]. In order to identify a business network, the data on
the market subjects (business entities) as well as their offering (market objects)
is required. Tt is assumed that the designed tool is continuously obtaining (via
push and pull modes) information about new entities and their offering as well
as changes in the existing data sets. Therefore, the main artifact on which the
proposed solution operates, is a dedicated semantically annotated profile of a
business entity encompassing all relevant information on the business entity itself
as well as its offering.

A profile is built based on the information extracted from several seman-
tic data sources (e.g., DBpedia', FreeBase?; for more details, cf. [3]). Once,
the semantically annotated profiles of business entities are created, two sub-
sequent stages follow: pre-reasoning and business analysis. The pre-reasoning
stage belongs to the back-end and encompasses several steps. First, profiles that
describe the same entity, but were extracted from different sources are inte-
grated into one normalized profile. At the same time, all semantically described
attributes are mapped to the appropriate domain ontologies. Then, based on

! http://dbpedia.org.
2 http://www.freebase.com/.
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the defined rules, the system reasons about relations between business entities.
Those relations are identified based on the values of the organizations’ attributes
and based on the discovered relations between offerings of different organizations.
All pre-reasoned information is stored in the profiles database.

Within the business analysis stage, based on the attributes and relations
stored in the profile, a user can identify a business network of a specific organi-
zation, or run a clustering analysis in order to analyze its business environment.
The clustering method operates on semantic profiles and analyzes not only sim-
ilarities among entities, but also relations between market subjects and objects
by taking advantage of the rules formalizing economic knowledge defined in the
form of axioms. Such an analysis might help to identify niches, groups of similar
competitors or ways to segment the market.

Thus, from a user perspective, the main scenario that is to be supported by
the proposed method is as follows. A business expert needs to identify a business
network of the specific business entity. In order to do that he/she needs to
(1) point to the business entity that should be analysed, (2) define the context of
the analysis, i.e., narrow its scope to, e.g., business entities that meet the defined
criteria, e.g., that offer a specific product or are situated in some geographical
region; if no context is set, then all profiles stored in the database are initially
considered; (3) define the depth of the analysis, i.e., indicate how deep (i.e.,
to which level) the analysis of the relations between organizations should be
performed. The deeper analysis is conducted, the more entities and relations
will be included in the result, but at the same time, the results might be hard
to understand due to their complexity. The method returns all relations and
related business entities as a graph, which may be a subject of further analysis.

To support the above sketched scenario, a semantic representation of business
entities is required providing information on the enterprise and its environment.

3 Ontologies for Business Network Identification

3.1 Ontologies for the Semantic Description of Enterprises

Numerous ontologies have been developed for the needs of enterprise descrip-
tion. One of the first initiatives is the REA (Resources Events Agents) ontol-
ogy designed originally for accounting systems [16,17], which later has been
extended with additional concepts in order to support e-commerce and virtual
organizations [18]. TOVE (TOronto Virtual Enterprise) [19] is another example
of ontology trying to capture enterprise’s characteristics. TOVE offers an ontol-
ogy stack, with the separate ontologies for enterprise activities, resources, costs,
quality, time, etc. It is not designed for any particular industry. Finally, there
are many ontologies developed for a specific purpose (e.g., the SUPER ontol-
ogy stack [20], or GoodRelations [21] for modeling e-commerce companies and
related products, prices, etc. in order to build semantically annotated e-shops).

The above mentioned ontologies have been developed for a specific purpose
(not inline with ours), or for a specific industry. Thus, they focus on describing
organization’s internal characteristics and relations, or on communication with
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external partners and do not usually encompass concepts describing a business
environment of an enterprise or its business relations. Also, market objects are
usually not covered by the existing initiatives.

On the contrary, the already available general semantic data sources (e.g.,
DBpedia, CrunchBase, FreeBase) provide information on the often substantial
areas of knowledge that may be used to obtain a wide range of information on
business entities and their offering (for details see [3]).

3.2 Requirements

In order to identify the scope of information that should be modeled for the needs
of business environment analysis in general and business networks identification
in particular, the relevant literature on the business analysis as well as on market
characteristics was analyzed (e.g., [2,4-8,22,23]). As result, along with attributes
pointing to the distinctive name allowing for a unique identification of an entity
and a set of characteristics allowing to determine the entity’s size (e.g., the
number of employees, total sales), the following features of business entities were
identified as crucial for the analysis: type of ownership, industries in which the
entity is active and the type of undertaken business activities, the geographical
location, and finally, applied technologies (Req.1). These features provide the
foundation for reasoning about the relations between organizations. For instance,
such attributes as country and location should allow for the identification of
business clusters and groups of entities that operate in the same geographic
region. In turn, the type of activity defining the activities performed by the
organization should enable to reason based on the hierarchy of available types
in order to identify relations between market players. Next, the industry defines
the sectors in which the organization is active. Finally, the ontology focusing
on the types of the ownership should allow for the identification of additional
informal and formal relations between entities.

Market objects are not part of a business network. However, based on market
objects’ characteristics, one is able to reason about relations between business
entities that offer those market objects. The following relations between busi-
ness entities and market objects may be distinguished: formal relations between
business entities, e.g., cooperation based on contracts, investments, takeovers;
informal relations between business entities, e.g., competition, indirect cooper-
ation (e.g., companies offering complementary products but not bounded by
legal contracts); relations between a business entity and market objects, e.g., a
developer of a product, or a service offering; relations between market objects,
e.g., complementary, substitutes. Thus, the formal ontologies used need to pro-
vide information about the offering as well as support the process of reasoning
on the relations between business entities and market objects (Req. 2). The most
important characteristic of market objects is their type. Other characteristics,
like, e.g., distinctive names or price, are of less importance for the given task.

The proposed method employs the data and cluster analysis algorithms.
Therefore, in order to ensure the expected precision of the returned results,
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it requires ontologies which are based on compatible paradigm and have a com-
patible degree of details [24] (Req. 3). Especially the lack of the compatible degree
of details, taking into account the requirements of the data analysis algorithms,
e.g., to cluster objects (cf. [3]), may hamper the precision of the results returned
by the proposed method.

Finally, in order to identify a business network, it should be possible to reason
on the entire set of ontologies and conduct cross-domain analyses (cf. [3]). Thus,
the formal ontologies used should include the alignment relations and be specified
in the single ontology language, for which the required reasoner engine is available
(Req. 4).

3.3 Fulfillment of the Requirements

The conducted analysis revealed that only a small number of the existing ontolo-
gies can be directly used to describe business entities for the needs of business
networks identification. The existing enterprise ontologies do not provide the
required information as they were not designed with this aim in mind. In the
general semantic data sources (such as, e.g., DBpedia) one can find information
that might be used to describe, e.g., product and services types or geograph-
ical data. However, those sources were not developed for this specific purpose
either and the data is sometimes too general, or, on the contrary, to detailed in
order to be directly used for the needs of the proposed method. Moreover, the
usefulness of general semantic data sources is sometimes limited due to the lack
of a comparable level of details (cf. Req.3) (e.g., semantic data sources define
lines of business, sectors and markets related to the business entity on different
levels of granularity). Moreover, the data sources have different structures and
understanding of some concepts, e.g., one source lists the product types offered
by a company while others use the very similar categorization to provide values
of the industry types. In addition, only few initiatives define alignments between
various ontologies (cf. Req.4) and the ontology languages used to model them
vary significantly. Finally, the analysis revealed that not all characteristics listed
in literature are available in the data sources, e.g., technology used by a business
entity is often part of internal or restricted knowledge and such information is
not included in any of the analyzed sources.

4 Ontologies for Business Network Identification

Thus, taking into account the identified requirements as well as the conducted
analysis of the existing semantic data sources (both when it comes to their
content as well as structure), the decision was made to use them not directly
but instead, design a dedicated ontology stack, gathered around a business entity
profile, which would be fed with the selected data from the existing semantic
data sources, pre-processed to ensure the required data characteristics.
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4.1 Ontology Stack

A business entity profile, being the central ontology of the proposed stack,
encompasses a number of attributes organized into four layers: (1) distinctive
attributes allowing for unambiguous identification of a business entity (e.g., orga-
nization name, tax identification number); (2) structured attributes encompass-
ing attributes normalized to the defined format (e.g., founding year, geograph-
ical longitude and latitude, number of employees); (3) semantically described
attributes encompassing concepts from corresponding domain ontologies (e.g.,
type of activity, type of ownership); (4) unstructured attributes encompassing
data stored in the free text form and currently not used by the method, but
instead, providing additional information on an organization for the method’s
users. Supplementary to the business entity profile, an offering profile has been
developed encompassing, among others, a semantically described attribute —
offering type (cf. Fig. 1). Thus, selected elements of a business entity profile and
an offering profile are mapped to the specific elements of the developed ontolo-
gies, which in turn are fed with data coming from the semantically described
data sources.

The semantic description is used for those attributes, which can be related
to each other in hierarchical and non-hierarchical ways and based on which the
business relations between objects may be reasoned. Thus, the ontology stack
encompasses (cf. Req. 1 and 2) an ontology for classification of economic activi-
ties, an offering types ontology, a location ontology, a types of ownership ontology
and finally, an ontology of types of activities®. The proposed ontology stack inte-
grates the data coming from various semantic data sources. It means that for
each data source a set of mappings has been manually defined that specifies
which data elements from the source are relevant to which elements from the
ontology stack. In this way the inclusion of new data sources requires the creation
of mappings, but the core elements of the ontology stack remain unchanged. In
addition, all ontologies were designed in such a way that the core elements are
independent of the specific domain the considered organizations are operating in.
For instance, the main part of the offering types ontology is constituted by the
core terms related to the products and services and their characteristics, identi-
fied based on the literature study. The core concepts are then later on extended
with the specific domain-dependent concepts (e.g., relevant to IT products or
financial services) extracted from the semantic data sources. Finally, in order to
enhance the interoperability of the proposed ontology stack, it is to be linked
to/specialized from one or more of the upper-level ontologies.

Each ontology was designed following the guidelines defined by [14]. There-
fore, for each ontology a set of competency questions was defined in order
to determine the scope and the required expressiveness. Having the identified
requirements in mind as well as the characteristics of the existing semantic data
sources, the ontologies were modeled using OWL-DL. The created ontologies are
presented subsequently.

3 Due to the mentioned lack of publicly available data, the information on the tech-
nology used is not considered in the proposed method and formal ontologies.
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Ontology for Classification of Economic Activities. The International
Standard Industrial Classification of All Economic Activities (ISIC) [25] is a
widely used standard by legal entities. Thus, an ontology was reconstructed
based on this standard (see Fig. 1) with the aim to provide values for the busi-
ness profile attributes: category and typeOfActivity. As semantic data sources
do not use ISIC, but instead they introduce their own classifications for lines
of business, sectors and markets, the data about the ISIC classification for a
specific business entity must be extracted from the statistical data sources or
government’s data bases. In addition, during the evaluation phase we noticed
that in many countries a company is allowed to declare unlimited ISIC items as
being relevant to its business activities, so many companies declare a few dozens
or more categories. This affected negatively the effectiveness of the data analysis
method. Finally, the ISIC classification is quite flat (up to four hierarchy levels)
and general. In case of narrow lines of business, most companies from this line
of business would fit into one or two categories. Thus, this classification alone
turned out to be not detailed enough to enable the required level of reasoning
on the category attribute. Thus, in order to obtain the expected level of details,
a set of domain ontologies, specialized from the ISIC ontology is additionally
created. For instance, for the needs of the evaluation of the method, a domain
ontology for personal computers and mobile devices has been developed based
on the data extracted from DBpedia, FreeBase and CrunchBase, and linked to
the ISIC ontology.

Offering Types Ontology is used for the needs of products’ and services’ clas-
sification. Based on the classification and hierarchical dependencies, the reasoner
is able to identify relations between offerings and in consequence, between busi-
ness entities that offer those products and services. For example, if two business
entities offer the same type of a digital product to the same customer group,
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then they are probably competitors. For instance the following rule is used to
identify potential competitors?:
isOfferentOf (?bel,? prodl), isOfferentOf(?be2,?prod2),
hasType (?prodl,?s), hasType(?prod2,?7t), isAlikeTo(?7s,?t), implies
isCompetitorOf(?bel,?be2)
Moreover, business entities that offer similar but not exactly the same products
might become competitors in the future because it is possible that they will
extend their product portfolio.

The currently available offering types classifications are usually developed for
a specific tool or method and thus, are not generic enough to be used for other
purposes. Especially the level of granularity is an important aspect because the
effectiveness of the analysis algorithm depends heavily on the granularity of the
data description. Thus, domain ontologies needed to be developed in order to
define the offering at the appropriate level of details. Taking into account the
planned evaluation on the business entities related to personal computers and
mobile devices, a corresponding offering types ontology was built in the first step.
However, the offering types ontology is not limited only to personal computers
and mobile devices offerings because many companies have in their portfolio
other products and services as well. The designed ontology has more than 100
concepts and is continuously extended with additional ones.

Location Ontology. The goal of using a location ontology is to enable reasoning
about the geographical location of business entities, e.g., to identify business
clusters. The spatial ontology is used to define markets on which a business
entity is operating or to define localization of its headquarters (depending on
the information available). The importance of this factor heavily depends on
the specific industry and analysis context. For example, considering business
entities that offer only digital products and services, their geographical location
is not of the highest importance (however, it might be quite the opposite with
respect to legal regulations). However, in industries focusing on customers from
a specific region, e.g., logistics companies, or for companies that offer products
and services related to a certain location, e.g., the tourism industry, it is one of
the most important factors.

Although, a number of spatial ontologies exist, they are either not freely
available, or they are too narrow (e.g., only a list of countries, without any regions
defined), or too specific and focused more on geographical phenomena than on
the countries’ boundaries (e.g., included information about rivers, mountains and
many more geographical objects and thus, their processing and/or reasoning time
was unacceptable). As, none of the identified spatial ontologies could be directly
used thus, a new ontology has been developed based on (as a subset of) the more
comprehensive ones. In the ontology, continents, regions and countries as well
as capital cities are defined. The ontology consists of more than 400 concepts
and includes, among others, a transitive property isLocatedIn, used to describe
geographic dependencies between objects, e.g., when one object is located in the
other (e.g., Poland is located in Europe).

4 Property isAlikeTo describes substitutes (e.g., smartphone isAlikeTo tablet); bel
and be2 stands for business entities; property hasType defines relationship between
offering and its type (e.g., iPhone hasType smartphone).
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Types of Ownership Ontology. The types of ownership for business entities
are regulated by law and vary between countries. The type of ownership usually
is part of the company description in the semantically described data sources, or
may be acquired from governmental data bases. An ontology of Polish and US
ownership types has been developed in the first step and will be extended further
with the ownership types relevant for other countries. Currently, the proposed
ontology has around 30 concepts, connected through the following attributes:
isAbbreviation and hasAbbreviation — connects a full name and its abbreviation
(in data sources usually abbreviations are used); isEquivalentTo — connects the
same type of ownership defined in different countries.

Types of Activity Ontology. Type of activity defines whether a business
entity is a distributor, buyer, producer, investor, etc. Type of activity might be
used in reasoning rules, e.g., to decide what kind of business relation occur
between two business entities. However, information about business entity’s
activity type is rarely directly stated in information sources thus, this ontol-
ogy is not part of the developed prototype.

4.2 Evaluation of the Developed Ontology Set
and Designed Method

In line with the followed approach to ontology creation, we evaluated the devel-
oped ontology stack against such criteria as clarity, coherence and extensibility.
Additionally, we checked the assumed ontology coverage against the defined com-
petency questions using the Pellet reasoner®. For each competency question, a
corresponding SPARQL query has been formulated and the returned results have
been successfully compared to the defined information needs.

As incorrect information may lead to ‘wrong’ decisions made by business ana-
lysts, it is of utmost importance to assess whether the proposed method delivers
correct results. Therefore, a first round of experiments was run on two sets of
business entities’ test profiles in order to evaluate the results returned by the pro-
posed method and thus, also to evaluate the adequacy of the proposed ontologies.
The first set consists of profiles from a single data source (DBpedia), while the
second one was created by extending the first set with the information coming
from other data sources (FreeBase and CrunchBase). The developed method has
been evaluated using a variation of the Turing test: a number of test cases have
been processed by the method and simultaneously solved by an expert. Then, a
third-party judge evaluated anonymizied results delivered by a human and the
method, marking each object as correctly assigned to a cluster, partially correctly
assigned to a cluster or incorrectly assigned to a cluster. The judge annotated the
results returned by a human as follows: 80-90% as correct, 8-10% as partially
correct and 0-5% as incorrect. For the results returned by the method, the anno-
tations were as follows: 60-85% correct, 10-40% partially correct and 0-10% as
incorrect®. Human experts pointed out that their decisions were based not only
on the data included in the test sets, but also on their additional knowledge on

5 http://www.w3.org/2001 /sw/wiki/Pellet.
5 Results vary depending on data set and initial centroids.
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the market. Therefore, the results of the performed evaluation need to be treated
with precaution. Nevertheless, the proposed method returns satisfactory results
in a much shorter time than a human could do (the analysis of data within the
second stage of the proposed method is performed in 5 to 20 s, depending on the
number of profiles and the number of clusters that should be identified).

5 Conclusions and Future Work

In this paper we focused on the formal ontologies for the needs of business
networks identification. We argue that the designed ontology stack linked to and
fed with the information from the semantic data sources enables identification
of business networks conducted using the designed analysis method. However,
we acknowledge that the effectiveness of the method depends heavily both on
the availability and quality of data it operates on. In the current prototype we
followed the assumption that the content provided by the semantic data sources
is rich, reliable and up to date. Nevertheless, the methods aiming at verification
of the data quality will be the objective of our future work. In addition, the
possibility to automate the definition of mappings between the semantic data
sources and the developed ontology stack will be investigated.

In addition, our future work focuses on integration of proposed ontology
stack with the selected upper level ontologies, as well as on conducting further
extensions to and evaluation of the developed formal ontologies and the pro-
posed method, e.g., based on the data from the tourism industry. The tourism
industry heavily depends on geographical location (of both the company and
destination/localization of offerings). Finally, it is planned to extend the offering
description in order to allow for more complex reasoning based on the offerings’
attributes.
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