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Abstract. This paper focuses on setting up a methodology to create
models and procedures for the functions and processes involved in topic
analysis, especially for the business documentation in the Chinese lan-
guage. Ontologies of different types are established and maintained con-
taining the annotated and evolved knowledge. Extraction, transforming
and loading methods are adapted from approaches which are used to
set up a data warehouse for standardized data models, exploited as the
basis of a large variety of analysis. Topic discovery is conducted based
on Latent Dirichlet Allocation for different usage. An interactive tool is
implemented to support the proposed design and realistic demands.
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1 Introduction

For enterprises, a large number of documents are involved in the daily business
and the size of the documents is also increasing with the pervasive usage of
electronic forms. Therefore the motivation is high to facilitate their operation,
not only to get an intuition of the content of the documents, but also to get
a more profound comprehension of the semantics of the documents and the
relationship between groups of keywords. If this objective can be achieved, then
it will be much more effective for enterprises to integrate this type of operations
into their processes of decision making, auditing, and market promotion. This
idea, furthermore, can be adapted to a wide range of specific domains such as
financial analysis, quality control, logistics management and many more. In many
cases, latent topics are only implicitly presented in the documents. The classical
way to handle this problem is to conduct statistical studies. This approach is
particularly well suited for the cases in which a relatively small number of words
are used very frequently. If, however, a larger number of words are distributed
in the documents with latent links, then some novel approaches are required.
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Meanwhile, as the economic development in China progresses, business based
on Chinese language is getting influential in the global market. Documents writ-
ten in Chinese are more difficult for traditional approaches which are based on
the assumption of alphabets. We proposed a method to analyze the Chinese lan-
guage in [1] with data mining approaches. As research advances, we have set up a
more profound mechanism, leveraging the specific characteristics of Chinese lan-
guage applied in different domains including financial management, enterprise
management, etc.

The contribution and innovation of this paper is to propose a methodological
framework by taking advantages of data driven approaches. It fully considers the
re-usability of the existing systems from the point of view of the data, and avoids
redundancy and repetition of functions. Domain strategies can also be estimated
by applying this framework to verify their effectiveness. A prototypical tool has
been implemented as a working platform to validate the proposed design. This
prototype has already been deployed in real user cases to verify the effectiveness
of the proposed methods.

2 Theory and Ontology Establishment

Considering the qualitative features of the data involved in this paper, we select
Grounded theory [2] as the guideline to develop our new approach. This approach
is appropriate for the research of Chinese documentation since there is usually
plenty of data at the beginning of an analysis without conclusive statements.
Inheriting from the principles of Grounded theory, three types of ontologies
are set up: Project ontology is a high level ontological framework to define the
objects and their relationships to ensure the compatibility. Reference ontology

contains the incorporated knowledge from domain experts. Code ontologies, as
depicted in figure 1(a), record the raw data from the primary texts and the
user’s annotation. OWL is utilized as the ontology language and depending on
the concrete scenarios, we can use lite, DL and full standards.

Whilst generic ontologies are mainly designed for English and other alpha-
betical languages, ontologies based on the Chinese language are established con-
sidering its typical features. Speech ontologies represents the speech of the words
of the original texts as well as the annotations. We use the speech ontologies here
not aiming to interpret the sentences from one language to another. Instead, we
would just like to comprehend the structures of the sentences for their subjects,
verbs, objects, etc. This serves as the fundamentals of the further analysis. Aux-

iliary ontologies is a set of the bag of keywords which are highly influential to
the grammar of the languages. They contain the major auxiliary and assistant
words in the Chinese language, such as the words to express tense, tone, and
meanings. Also the words for negation and interrogation are listed in these on-
tologies. Localization ontologies are set up to represent the knowledge about
localization on top of the language per se. For example, the regional divisions in
China include North, Central China, South with different dialects, terms, and
expressions. Ontologies in this category are exploited with both language and



domain knowledge to produce derived information. These ontologies play an im-
portant role in analyzing the documentation in Chinese language [1]. They also
serve as the input of the ETL processes presented in the following section.
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Fig. 1. Code ontology and business data model

3 ETL and Data Warehousing

In order to extract information from the ontological knowledge, we need to for-
mulate a set of dimensions as the properties of this knowledge. For each ontology
file, two tuples, external and internal respectively, are set up. All the extractions
are supposed to be based on these tuples. Correspondingly, two kinds of ex-
tractions are designed - global extraction and local extraction. Global extraction

aims at handling external information of the submissions made by experts, and
is not going inside the files. The purpose of this step is to reorganize all the data
in a structured way, labeling each file with its properties in accordance with the
tuple previously defined. Once we finish this step, all the knowledge is stored
in a uniform format, each file with its name containing the attributes in tuple
1. To facilitate this process of global extraction and to conform with industry
standards, we use Powershell [3] scripts to carry out the extractions.

Next, local extraction is conducted. Local extraction aims to retrieve internal
information from the ontologies following the definition of tuple 2. The results of
this step are divided into two categories with respect to their data structures: (1)
Relational tables. In a relational table, each attribute represents one dimension
of the attributes, for example, company, year, code, code frequency. As a format
well fitting the schema of relational databases, relational table is straightforward
to be imported into a database management system for advanced queries. (2)
Pivot tables. A second type of tables used in the system are pivot tables. A pivot
table, used for data manipulation such as aggregation and sorting of the data,
is mainly for the purpose of data output and graphics in tabular forms [4].

Qexternal = {group, user, project, document, year, file} (1)



Qinternal = {file, quotation, coordinates, codes, ratings} (2)

With the two types of extractions, it is sufficient to extract and maintain most
of the useful information from the ontologies. Moreover, subjects are derived from
the business scenario, with data loaded via the ETL processes. These subjects
are presented to depict a general view of the data involved in a project. Above
that, a business data model is established to characterize the entities in each
subject area in a finer granularity in order to reveal more details as described in
figure 1(b). Furthermore data marts can be established and data mining methods
can be carried out on top of these models.

4 Topic Analysis

The steps presented above facilitate the processes of topic analysis composed of
two parts: data annotation and systematic analysis. Data annotation is carried
out at the beginning by the users in interaction with the primary documents
and recorded in the form of ontologies. This will provide refined data on top of
the original texts. Once the annotation has been started, we need to extract the
terms which are significant to the texts. For the terms, certain features can be
extracted in respect to different dimensions of interest. With enough flexibility
of feature construction, the main functionality to be provided during this step
is the aggregation. For each document d, as an example, (Qd,Cd) is created as
a matrix recording the quotations and their codes in this document. They are
used as input of the term-topic model. There are several topic models which have
been applied to discover the topics from documents. We propose to use LDA as
it has advantages over other methods as shown in [5]. The formulas given by [6]
illustrate the basic idea of LDA (see figure 2). One of the most important tasks for
LDA is to estimate the parameters involved in the model, and the effectiveness
of the parameter estimation highly influences the output of the topic discovery
and analysis. A list of algorithms, such as the variational EM method [6] and the
Gibbs sampling algorithm [7], are considered as the candidates to be leveraged
to estimate the parameters involved in the LDA processes. The topics will then
be generated based on the parameter estimation of these algorithms.

5 Implementation

A prototype, namely Qualogier, has been implemented as a working platform
and test bed of the proposed approach (see figure 3). Based on ICEPdf [8], it
takes PDF files as the primary documents, providing operations on these files
such as turning pages, zooming in/out, printing, and extracting the texts. Users
are able to select sentences and phrases from the texts of interest in the form of
quotations and then assign codes to them. All the user behaviors are recorded in
ontologies and then, together with the original texts, modeled as the background
for establishing the data warehousing models. Furthermore different utilities are



1. Choose N ∼ Poisson(λ).

2. Choose θ ∼ Dir(α).

3. For each of the N words wn:

(a) Choose a topic zn ∼ Multinomial(θ).

(b) Choose a word wn from p(wn|zn, β), a multinomial

probability conditioned on the topic zn.

Fig. 2. LDA procedures (Source: David M. Blei, Andrew Y. Ng, and Michael I. Jordan,
Latent Dirichlet Allocation, Journal of Machine Learning Research 3 (2003), p. 996
([6]))

provided for exporting and outputting information using ETL methods. The
topics generated by LDA are presented along with the original documents to
show the key concepts based on their semantics and the users’ annotations. The
system also supports ontology inference based on forward chaining and back-
ward chaining methods to produce new facts, for example, recommendations to
the users. This system has been deployed in our research project for 40 domain
experts to evaluate the sustainability performance of different firms in the form
of a case study. These experts have various operating systems, domain knowl-
edge, and research subjects. They are working with the proposed system in an
interactive way as shown in figure 4. They select and highlight reports from the
firms and submit them to the system. Based on the analytical system feedback,
the experts will proceed with further studies. This system has several advantages
compared to other similar systems like ATLAS.ti [9].

6 Conclusion and Future Work

In this paper, a methodology is presented based on ontologies, ETL, data ware-
housing, and LDA to retrieve information from the original data and model the
entire working processes for documentations in the Chinese language. In the fu-
ture, we will conduct more evaluation approaches and user experiments to verify
the effectiveness of the methodology presented in this paper.
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Fig. 3. Screenshot of the system
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Fig. 4. Workflow of the entire processes
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