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Abstract In e-procurement, companies use e-catalogues to exchange product
information with business partners. The large variety of e-catalogue formats which
are used by various companies make it difficult to match a product request from
a buyer (buyer e-catalogue) with products e-catalogues. While, there are too many
different standards for e-catalogues in use, often companies do not follow standard
formats. Hence we often encounter a plethora of catalogue formats ranging from
unstructured text to well-structured XML documents. One traditional approach to
solve this problem is to convert different formats to a general common structure.
But within this heterogeneous set of known or even unknown structures achieving
a global structure is impractical. In this paper, vector space model has been used to
measure the similarity ratio of providers’ e-catalogues with a buyer’s e-catalogue.
Attributes of known structures and their values have been used as terms and their
weights in the vectors to find the correlation of e-catalogues based on relationship of
common tags. In order to associate the structures in calculating similarity, levels of
attributes in xml documents are also included in the terms. Natural language process-
ing is used to extract the same attributes from unstructured or unknown structured
documents.
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71.1 Introduction

E-catalogues play a critical role in e-procurement marketplaces. They can be used
in both the tendering (pre-award) and the purchasing (post-award) processes. Com-
panies use e-catalogues to exchange product information with business partners.
Suppliers use e-catalogues to describe goods or services that they offer for sale.
Meanwhile buyers may use e-catalogues to specify the items that they want to buy
[5, 6].

Matching a product request from a buyer with products e-catalogs that have been
provided by the suppliers, helps companies to reduce the efforts needed to find
partners in e-marketplaces [12, 16].

The large variety of e-catalogue formats [21]which are used by various companies
is one of the major challenges in the matching process. Since each business actor
may use a different structure, classification and identification code for describing
e-catalogues, it is not easy to match a product with the e-catalog requested by another
partner [16]. This heterogeneitymakes it difficult and time-consuming to the integrate
and query e-catalogues [3].

While, there are too many different standards for e-catalogues and product clas-
sifications in use, often companies do not follow standard formats and prefer to have
their individual structures [4]. Hencewe often encounter a plethora of catalog formats
ranging from unstructured text to well-structured XML documents.

One traditional approach to solve this problem is to transform different formats
into a uniform catalogue model [3, 6, 12]. But within this heterogeneous set of
known or even unknown structures achieving a uniform structure for e-catalogues is
usually not practical. Development of a uniform e-catalogue model requires precise
and detailed understanding of each of the various formats of catalogues [1]. There
is always a chance to encounter with a new format which may cause difficulties in
its interpretation. Furthermore for transformation to a uniform model, e-catalogues
must be completely validated and in conformance to the expected format with no
tolerance from format deviations.

This paper proposes to exploit Vector Space Model [18] which has been used
by information retrieval systems to measure the similarity ratio of documents to
match providers’ e-catalogues with a buyer’s e-catalogue. VSM uses occurrence
of terms in documents to produce a table of vectors. Having a vector model of
documents,mathematical vector operations can be applied to determine the similarity
of a document with another one or with a search query. The simplest example is to
use the deviation angle between vectors of frequent terms to calculate the relevance
between text documents. While it is used to deal with flat textual data (i.e. classical
free text documents), IR is being extended, since the last two decades, so as to treat
complex structured and semi-structured data [22].

The rest of this paper is structured as follows: Sect. 71.2 has a deeper view on
heterogeneity of e-catalogues and reviews related works. In the Sect. 71.3 the pro-
posed approach has been described in details. Experimental results are described in
Sect. 71.4. We conclude with future work in Sect. 71.5.
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71.2 Related Works

Regarding to the usage of e-catalogues in e-commerce, interoperability of
e-catalogues (Catalogue integration) and personalization of e-catalogues are two
main challenges which have been studied in the literatures. Although these chal-
lenges are related and many researchers studied both together, former is to match a
search query with product e-catalogues and the latter is more focused on customizing
e-catalogue selection based on user profile.

Asmentioned, the heterogeneity of e-catalogueswhich come fromvarious sources
causes [8] difficulty in thematchingprocess.Generallyweencounterwith twoaspects
of heterogeneity in e-catalogueswhich are semantic and syntactic diversity. Syntactic
heterogeneity is the result of different document structures and catalogue formats.
Semantic heterogeneity refers to the different meanings of the words in various
contents [16, 17].

In order to avoid this, diversity classification systems such as CPV1, UNSPSC2

and eCl@ss3 try to standardize the terms used for describing goods and services
which are the subject of procurement. Additionally, e-catalogue standards such as
PEPPOL4, BMEcat5 and ePRIOR6 recommend using of these classification systems
and furthermore propose common data structures for unifying e-catalogue schemas
usually for exchanging purposes.

But catalogue standards are not sufficient to the meet all requirements of data
exchange [17]. Consequently, often enterprises do not follow standard formats and
prefer to have their individual structures [4]. Not to mention variety of standards
makes it impractical to reach the classification and structure unification goal. These
standards differ in addressed markets, capabilities to represent product information,
market acceptance, and standardization processes [21]. This problem is more visible
in multi-source e-marketplaces [6–9]. There are at least 25 standards relating to e-
catalogue and product classification, and thousands of enterprise products database
and e-commerce sites [4, 14, 21].

Based on two aspects of heterogeneity, syntactic integration and semantic integra-
tion of multi-source electronic catalogues have been attended to make e-catalogues
interoperable. Both of the two require integration of international product classifica-
tion standards, enterprise product database and product e-catalogue standards [4, 14].
Some researches such as [6] and [5]more considered syntactic integration and other
such as [13, 14] and [11] more focused on semantic integration. But regardless of
semantic or syntactic aspect of the problem, general solution in e-catalogue integra-
tion is to define a global model and convert e-catalogues to this uniform model or
simply interpret them based on this reference model. For example [3] tries to formal-
ize e-catalogues by offering an ontological model of e-catalogues. The main work in
this kind of solutions is to introduce generic attributes to design e-catalogue ontology
model [4]. Due to different e-catalogue ontology being generated from different data
sources are heterogeneous, the key of semantic integration of e-catalogue turns out
to be the mapping and integration of catalogue ontologies [4, 10].
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Therefore these traditional solutions either for semantic integration or syntactic
integration are dependent on universal formal models. As previously mentioned
creating such general models has the following problems:

• Requires proper knowledge of the underlying catalogues’ structures. But individ-
ual formats which are used by companies are usually unknown and usually there
is chance to always encounter new formats. Lee et al. [16] provides a search index
to match e-catalogues regardless of structures. But usually the structures contain
valuable information. Our proposed approach exploits the structures as much as
their details is known whilst is independent of structure. Structure independency
provides the ability to match unstructured information as well as unknown struc-
tures. Information existing in structures is valuable and can be helpful in matching
process.

• E-catalogues must be completely validated for conformance to their formats with
no tolerance for format deviations. Since usually each structure is transformed to
the general model, it has to be completely compatible with the structure which
the convertor expects. Furthermore development of such convertors is crucial and
time-consuming task.

• All the variousmatching cases in graphs or models must be predefined inmatching
algorithms. For example, Kwon et al. [15] tried to cover all the possible conditions
in matching two structures. But within a heterogeneous set of structures always
there is chance to encounter a new unconsidered condition.

71.3 Document Similarity in E-Catalogues

Since in the area of e-catalogue we often encounter a plethora of formats and devel-
oping an integrated model is crucial, this paper proposes to apply a more flexible
model to e-catalogues search problem.Vector SpaceModelwhich is the base ofmany
search techniques and document similarity methods can be applied to both semantic
[19, 24] and syntactic [2, 18] aspects of search problem. Although semantic issues
are also considered recently in document similarity techniques [19, 24], we will
apply it to our approach in a future work. In this paper we will focus on overcoming
syntactic diversity of e-catalogues including unstructured, unknown structured and
known structured documents.

In an e-procurement e-marketplace at least two scenarios for finding similar doc-
uments are possible [5]. First a buyer who makes a call for tender needs to select
some suppliers based on their e-catalogues in order to send the invitation. Second
scenario is when a supplier searches to find opportunities in e-marketplace. Supplier
may upload a product e-catalogue to e-marketplace in order to find similar call for
tenders.

Three general cases may be considered in syntactic interoperability of
e-catalogues. First, unstructured text such as pdf files which are common in online
commerce. Second, structured or semi-structured documents which are unknown for



71 A Vector Space Model Approach 837

the system such as individual formats. Third structured standard documents which
are known for the system such as PEPPOL e-catalogues. XML is one of the most
common formats for exchanging structured and semi-structured data and also stan-
dard e-catalogues in B2B e-commerce [20]. Among 25 e-catalogue standards, 16 of
them are based on XML [21]. Hence in the following sub-sections we will apply
Vector Space Model to three groups of documents at the same time: unstructured
text documents, XML documents and standard e-catalogues.

71.4 Unstructured Documents

In VSM, sets of keywords or terms have been extracted from documents and user
queries. Then, a vector has been made to represent occurrence of terms in each
document. If a term occurs in a document, its value or weight in the vector of the
document is non-zero. Documents that are similar to a given query can be calculated
by comparing deviation of angle between the vector of each document and that of
the query.

Depending on the application, several methods have been proposed to define the
weights. Keywords are commonly weighted in order to reflect their relative impor-
tance in the query or document at hand. The underlying idea is that terms that are
of more importance in describing a given query or document are assigned a higher
weight [18, 22]. For example one well-known method of weighting the terms is
TF-IDF that takes into consideration both document and collection statistics [22].

Usually natural language processing techniques are utilized to extract impor-
tant terms automatically form the documents and queries. Among various types of
processing which can be applied to text documents, we used a Natural Language
Processing tool to tokenize, lemmatize and remove stop words. Tokenization is to
decide what constitutes a term and how to extract terms from raw text. Since our
application is to match e-catalogues and term matching is more valuable than phrase
matching, we filtered the stop words. Stop words are some of most common words
such as the, is, at and so on. Lemmatisation is to convert the different inflected forms
of a word to the lemma form so they can be analyzed as a single item [23].

71.5 Structured Documents

XML documents is widely used to represent structured information. Any structured
or semi-structured document can be shown using XML files. Hence XML-based
similarity becomes a central issue in the structured information retrieval. Since in
conventional information retrieval, documents are unstructured data, Vector Space
Model has been extended towardsXML information retrieval [22].Using these exten-
sions we can represent structured and unstructured queries and documents in vector
space model and compute matching between them.
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Fig. 71.1 A part of a standard e-catalogue (D1)

Hierarchical structure of XML documents are generally modelled as trees. In
a traditional model, nodes of tree represent XML elements and are labelled with
corresponding element tag names. Since content is distributed at different levels of
the tree, location of a term in the tree is effective on the value of the term [22] and
should be considered in term extraction.

In the comparison process generally values of attributes are disregarded. This
approach is useful for structure-only comparing of XML documents [22]. But in
the context of product features, similarity measure is more sensitive to the values
which have been saved in the e-catalogue structures. Therefore in matching process
of e-catalogues, values are crucial and are even more important than structures.
Consequently, we used a structure-and-content tokenization process [18] to define
the terms.

As an example, Fig. 71.1 shows a portion of a standard e-catalogue D1 which is
used in PEPPOL [5]. In the matching process this e-catalogue should be similar to
e-catalogue D2 in Fig. reffig:lurong04Ahamdfig2 that has the word paper. Moreover
it should have a higher similarity ratio with document D3 in Fig. 71.2 that has the
word paper in attribute name and even higher to document D4 in Fig. 71.2, that has
paper in hierarchy of name and item and so on.

One way of doing this is to define a term as a value together with its position
within the XML tree. Figure71.2 illustrates this representation. We use all the sub-
trees of a document that contain at least one value as terms [2, 18]. In other words,
we first take each value (paper) as a term. This help the matching process to match
this documents with unstructured documents or structured document such as D2
that have same values but in different structure. Next we add values with last level
of their position (name/paper) to the terms. It helps matching process to increase
similarity of D1 with structured documents such as D3. Then we continue adding
levels of positions (item/name/paper) to the terms to root of tree. It keep increasing
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Fig. 71.2 Similar e-catalogues to D1

similarity of D1 with structures documents such as D4. Table71.1 shows all possible
terms for the tree of Fig. 71.1. Therefore D1 will have one common term with D2,
two common term with D3 and tree common term with D4 which guarantees more
ration of similarity for documents with resembling structures. Note that having value
attached to all the terms helps search process to avoid matching documents with
same structure but different products.

Documents such as D5 should have a lower matching ratio with D1 as compared
to its matching ratio with D3 and D4, because the same value for an attribute (item)
exists in both documents but not necessarily in same path order. Therefore the terms
of Table 71.2 have also been added to the terms of D1 to cover this type of similarity.
In order to decrease the similarity ratio for documents that match D1 using the terms
of Table71.2 instead of the terms of Table 71.1, we divide the weight of a term by
twice the number of nodes between the value and the attribute. With this simple
approach we don’t have to change the similarity formula as proposed in [2] and [18].

71.6 Standard E-Catalogues

Standard e-catalogues are source of diverse types of information. For example a
PEPPOL e-catalogue includes general document data, product data and partners’
data. This extra information canmislead product search process. Furthermore various
attributes of product data can have different value in the matching process. For
example classification codeof a product hasmorevalue than adescription inmatching
process. Hence we used a table of coefficients to adjust the impact of each attribute in
similarity of known structures. These coefficients are values between 0 and 1 which
are multiplied to the weight of terms. Undesired information such as partners’ data
can be simply excluded from matching process by putting 0 coefficients. Using this
simple mechanism a new known structures can be easily added to the search system.
Default value for all coefficients are 1 which reduces the status of an e-catalogue to
an unknown structure for the matching process.
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Table 71.1 All possible terms for D1

Value Terms

Paper manufacturer Manufacturer
Name/manufacturer partyname/name/manufacturer
Manufacturerparty/partyname/name/manufacturer
Item/manufacturerparty/partyname/name/manufacturer
Catalogueline/item/manufacturerparty/partyname/name/manufacturer
Paper name/paper partyname/name/paper
Manufacturerparty/partyname/name/paper
Item/manufacturerparty/partyname/name/paper
Catalogueline/item/manufacturerparty/partyname/name/paper

12345678 12345678
ID/12345678
Standarditemidentification/ID/12345678
Item/Standarditemidentification/ID/12345678
Catalogueline/item/Standarditemidentification/ID/12345678

Paper Paper
Description/paper
Item/description/paper
Catalogueline/item/description/paper

Paper Paper
Name/paper
Item/name/paper
Catalogueline/item/name/paper

Table 71.2 Additional terms
for the last entry of Table 71.1

Value Terms Weight ratio

Paper Item/paper 1/2
Catalogueline/item/paper 1/2
Catalogueline/name/paper 1/2
Catalogueline/paper 1/4

71.7 Conclusion and Future Works

Based on many standards and data resource, query and search of e-catalogues is
affected by integration problems [4]. Since IR-based methods are applicable to wide
range of structured and unstructured documents which we encounter in matching
e-catalogues, this paper proposes a vector space model approach to search
e-catalogues. Furthermore these methods target loosely structured data, thus use-
ful and generally exploited for fast simple structured search and retrieval [22].

Combinations of values and attributes of structured documents have been used
to find the correlation of documents based on relationship of common tags. Then
we have proposed a simple table of coefficients to specify the matching model for
standard e-catalogues. This mechanism increases the search precision by removing
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unrelated information from the matching process and boosting weights of important
tags. In future these tables can be customized for users using a learning mechanism
based on their profiles and search interests.

In order to test matching process we used a set of e-catalogues in various formats.
First we utilized an open source full text search tool and a natural language analyser
to extract terms from flat text files. Then we extended the search tool to consider
the locational values of words in term extraction process when such information is
available. Having tokenized all types of e-catalogues, wemade term vectors for them
and applied the coefficient tables to known structures.

With this tool, users will be able to search within the available files or sim-
ply upload their e-catalogues to find similar documents. This search mechanism
allows users who prefer to specify the tag relations while searching [22] to get rid of
using content-and-structure queries [19]. The experimental results show thematching
process is capable to match diverse formats of catalogues from various sources.
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