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Abstract—The constant publishing of large volumes of
financial information by various business sector organizations
through its financial statements is a fact that must be
exploited by using semantic technologies. This paper describes
the use of Linked Data to generate a financial dataset that is
part of the ongoing work of the FLORA (Financial Linked
Open Data Reasoning and Management for Web Science)
project. Furthermore, we describe a process to discover other
relevant links within the LOD cloud which can be related to
FLORA dataset in order to provide a financial
knowledgebase, which might be useful for: data analysis to
support decision making, generating predictions or
performing own financial discoveries to mention a few.
However, the results of experiments performed, show that the
coverage of the financial domain of public companies is rather
small and ambiguous to link them to the FLORA dataset.
Thus, is necessary involve more data as CIK (Central Index
Key) or ticker symbol of the companies to objective of
improve the results quality and implement techniques for
disambiguation and manual verification.
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I.  INTRODUCTION

The current trend for companies to publish their
financial statements under the Generally Accepted
Accounting Principles (US-GAAP Financial model) and
following the eXtensible Business Reporting Language
(XBRL standard), increases the capacity for recovery and
analysis of relevant data containing financial data semi-
structured which is derived to facilitate the extending of
financial datasets. Unlike datasets integrated by unstructured
data and published on the Web, which represent a limitation
by the high cost of transformation in order to be fit into
existing analytic models and tools [1]. In our work, we have
exploited the advantages of using semantic technologies [2],
Linked Data (and Linked Open Data) [3] itself, which
involves make the most of the best practices of sharing the
data across the Web with great integration capabilities [4],
basically we present a high level overview of an ongoing
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work in the FLORA project. FLORA fosters the transparent
access to financial data through its dataset developed from
extraction and triplification of the data contained in the
financial statements of companies registered on U.S.
Securities and Exchange Commission (SEC) [5] through
fillings and forms stored on EDGAR System [6]
furthermore, it allowing the easy combination of many
information sources thus favoring the optimizing for data
analysis. However, we consider important increasing the
FLORA functionality through use of frameworks for
discovering relationships between companies contained on
FLORA dataset and data items within different Linked
Data sources. This paper is structured in five sections,
which are described briefly below. The introduction
provides an overview of FLORA project, the second
section corresponds to related work and it is divided into
two subsections, the first subsection includes tools for
discovery of links on the Web of data and second
subsection describes some Linked Data projects. In section
three, we describe the process for generation of financial
dataset and discovery of related data items with companies
stored on FLORA dataset. The fourth section, we describe
the experiments for discovery of data elements in the LOD
cloud and we present quantitative results obtained. Finally,
we mention a conclusion and the future of our work.

II. RELATED WORK

In recent years, the systems for "triplification" and
publication of datasets from multiple domains based on the
Linked Data principles are becoming increasingly
important. In this sense, there are several initiatives for the
discovery of data items contained within the Linked Open
Data cloud (LOD). We have classified these initiatives in
two types, which are described briefly below:

A. Tools for discovery of links on the Web of data

Silk - Linking Framework [7], a toolkit for discovering
and maintaining data links between Web data sources was
presented in [8]. Silk is a tool that allows discovering
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relationships between data items within different Linked
Data sources. Data publishers can use Silk to set RDF
(Resource Description Framework) [9] links from their data
sources to other data sources on the Web. The presentation
and evaluation of LIMES (Link Discovery Framework For
Metric Spaces) [10] a novel time efficient approach for link
discovery in metric spaces was described in [11]. The
authors approach utilizes the mathematical characteristics
of metric spaces to compute estimates of the similarity
between instances. Thus, LIMES can reduce the number of
comparisons needed during the mapping process by several
orders of magnitude. In [12], LinQL framework was
presented. It is a generic and extensible framework that
works like an extension of SQL (Structured Query
Language). This tool allows users to interleave declarative
queries with interesting combinations of link discovery
request. Its goal is to facilitate experimentation and help
users find and combine the link discovery methods that will
work best for their application domain. In [13], Silk Server
was presented. It is an identity resolution component,
which can be used within Linked Data application
architectures to augment Web data with additional RDF
links.

B. Linked Data applications

In [14], current efforts interlinking music-related
datasets on the Web were addressed. The authors detail the
application of an algorithm in two contexts: a) to link the
Creative Commons music dataset to an editorial, and b) to
link a personal music collection to corresponding Web
identifiers. One of the most important features of this
algorithm is that it was developed, implemented and
practically it deployed to interlink different music-related
datasets facing the overlapping problem. Faviki is an
example of linked data application. It is a social
bookmarking tool that lets users tag Web pages with
semantic tags stemming from Wikipedia [15]. In [16], K-
Search was presented. K-Search is an implementation of
Hybrid Search (HS) another manifestation of linked data. It
combines the flexibility of keyword-based retrieval with
the ability to query and reason on metadata typical of
semantic search systems. HS is defined as: i) the
application of semantic search for the parts of the user
queries where metadata is available and ii) the application
of keyword-based search (KS) for the parts not covered by
metadata however, KS is often affected by two main issues,
ambiguity and synonymy. The LDIF-Linked Data
Integration Framework [17] can be used with Linked Data
applications to translate heterogeneous data from the Web
of Linked data into a clean local target representation
mapping language for translating data from various
vocabularies that are used on the Web into a consistent,
local target vocabulary. It includes an identity resolution
component, which discovers URI (Uniform Resource
Identifier) based on user-provides matching heuristic. The
goal of Linking Open Drug Data (LODD) project presented
in [18] is to facilitate the integration of large amounts of
biomedical data from many different sources by bringing
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these data sources onto the Web of Linked Data. The
biomedical datasets selected allow strong connections to
existing Linked Data resources, while providing novel data
of interest to pharmaceutical industry and patients. FLORA
allows search of financial information contained in its data
set including the calculation of several additional financial
ratios that help users in finding information relevant to
them [19]. However, the development of this project is
iterative to obtain a continuous improvement at every stage
of research and development whereby which we intend to
exploit the FLORA possibilities. In the following section,
stages of FLORA process are described briefly.

III. FLORA FINANCIAL DATASET

The transformation and generation process of FLORA
dataset consists in investigate appropriate data sources and
rich in financial information among which include: balance
sheet, cash flow and income statements from companies.
So far, we have generated a dataset that stores RDF triples
generated from the extraction of 409.374 financial
statements, which have been published in XBRL [20]
format by different U.S. companies through the EDGAR
system fillings [21].
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Figure 1. Stages of the FLORA process for generation of financial
dataset and discovery of related data items
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In Figure 1, each stage of the FLORA process has a
defined function, which is briefly described below:

1. Data Acquisition: It is to research and get only the data
sources of interest. The current focus of FLORA system
is based on US-GAAP XBRL reports containing the
Forms 10-Q, as published by the SEC EDGAR System.
The published reports are crawled, downloaded and
stored for further processing (Stage Data extraction and
triplification). This stage needs to be repeated (at least
quarterly) in order to retrieve newest reports and keep
the system up-to-date.

2. Conceptual model: It is a meta-model that is the core
of FLORA functionality because semantically
represents the interaction between classes and
subclasses that integrate it. This representation is
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described in a high level of abstraction (see Figure 2)
and includes an example of simplified taxonomy
generated from published balance sheets under US-
GAAP model including its general financial ratios,
besides allowing the calculation of some additional
ratios among which are: Total Asset Turnover, Non-
Current Asset Turnover, Current Asset Turnover,
Rotation of Rotation of Warehouse or Stocks, Working
Capital, Cash Ratio, Debt Ratio and Ratio of Debt
Quality.

3. Data Extraction and Triplification: this stage
involves two simultaneous processes: the analysis
(parsing) and extraction of data from financial
statements made at the first stage and conversion to
RDF triples extracted data in order to build the required
dataset.

4. Dataset generation: this stage is closely related with
the previous stage and consists in serialize the RDF
triples to the semantic form. The dataset is following
Linked Data principles and can be queried through
SPARQL (Simple Protocol and RDF Query Language)-
based queries.

5. Discovery of data items within external datasets: this
is a stage that is currently underway and that we can
consider the point to be discussed in this paper. As
shown in Figure 2, the flow "Discovery of related data
items" defines the search to find and create the links of
all data stored in the LOD cloud that are related to
companies registered in the FLORA dataset. Analyzing
the state of the art (see Section 2) using frameworks like
LIMES or Silk can be useful to achieve this goal.
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Figure 2. FLORA conceptual model

Discovering and linking additional data with data existing
in FLORA dataset, will improve the search criteria and its
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reasoning capabilities. On other hand, through conceptual
model we can identify the FLORA's behavior as well as
detected and improve any data inconsistency with the
possibility to correct or eliminate them.

IV. DISCOVERING DATA ITEMS IN THE LOD
CLOUD

The volume of data stored in the FLORA system is
increasing frequently to keep it updated. However, we find
it interesting to investigate to what extent the LOD cloud
covers the financial domain and what other data items may
be linked with our dataset. To find this information, we
have performed a set of experiments that allow linking
external dataset with FLORA dataset through the SILK
framework which provides the necessary mechanisms for
discovering relationships between data items corresponding
to FLORA dataset and different Linked Data sources within
the LOD cloud.

As external datasets we have chosen DBpedia, Semantic
XBRL and SEC triplified dataset. The latter two datasets
are linking company concepts to DBpedia, but due to the
outdated version (SEC triplified dataset discontinued as of
2010) and scarce mappings (Semantic XBRL) the only
dataset is DBpedia.

The FLORA dataset that we have created is composed of
8915 public US companies obtained from SEC EDGAR
fillings. In order to create mappings between concepts we
considered comparing the following properties: (i) label,
(i1) CIK (Central Index Key), (iii) ticker symbol. While the
CIK and ticker symbol would clearly lead to the best
results, most of the companies in DBpedia are lacking those
data, leaving us with only label as a viable property for
mappings.

To facilitate mappings, we performed 2 necessary steps:
we created a list of stopwords for company names,
including such terms as “inc”, “co”, “Itd” etc. and created a
list of synonyms with stopwords filtered. In that example, a

company “Apple Inc.” would have a synonym “Apple”.

For comparing strings, we used Levenshtein distance
and a metric that measures the difference between two
sequences. The Levenshtein distance between two strings is
defined as the minimum number of edits needed to
transform one string into the other, with the allowable edit
operations being insertion, deletion, or substitution of a
single character.

After that, we launched experiments with FLORA
dataset against DBpedia SPARQL endpoint, with following
parameters:

* Experiment 1 presents a Levenshtein distance with
value 0 and the use of Stopwords.

*  Experiment 2 includes a Levenshtein distance with
value 0 and no Stopwords (no synonyms, only the
official company name).
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*  Experiment 3 contains a Levenshtein distance with
value 1 and use of Stopwords.

* Experiment 4 involves a Levenshtein distance
with value 1 and no use of Stopwords (as in
Experiment 2).

The summary of the experiments performed and the
results obtained are shown in Table 1.

TABLE 1. SUMMARY OF THE EXPERIMENTS PERFORMED AND THE RESULTS
OBTAINED

Linking external dataset experiment

Number of companies in FLORA dataset: 8915

Experiment Levenshtein Stopwords Discovered Links
distance value
1 0 No 96
2 0 Yes 1031
3 1 No 437
4 1 Yes 3652

The results presented in this section are experiments for
development of our work and can be considered as partial
results for the stage of "Discovery of data items within
external datasets" (see Section 3). While for a simple string
comparison (experiment 1) we obtain quite a few
mappings, this is what previously was observed by Garcia
and Gil [22]. However the striking difference is the
increase of number of links created when a list of
synonyms is generated. The distance between strings might
include many false links, especially for short company
names, but provides user with more possible alternatives in
case of longer company names (with typically non-letter or
a white space character difference).

V. CONCLUSION AND FUTURE WORK

This article presented a complex, unified process of
transforming unstructured financial data into an interlinked,
navigable knowledge base for financial information
management and information discovery within the Web of
data through the use of frameworks developed for this
purpose. In the future work we aim at implementing
LIMES framework, applying of inference using SPIN rules
and identify and use other financial data sources to perform
more complex experiments.

The experiment, however, shows that the coverage of
the financial domain (in case of this paper: public
companies) is rather small. The lack of data that could be
used for univocally identify company concepts (such as
CIK or ticker symbol) makes dataset interlinking still a
difficult task requiring various techniques for
disambiguation and manual verification.

In the future work, we are focusing on generation of
rich gazetteer for each company in order to increase the
number of possible matches based on the company name.
Also, other string comparing metrics are considered; that
could use other advanced features for comparing company
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names. After that, we will perform a manual evaluation of
created links in order to assess the gazetteer and synonym
list for company mappings.
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