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Abstract. In the economic and financial analysis domain, quick access to the right
information plays a major role. Using current systems, the search for and presenta-
tion of data is very cumbersome. The data, mostly in form of time-series, is stored
in various databases. In order to retrieve the searched data, the analysts need to
know where to search and sometimes even the structure of the database and its cod-
ing. Then it is required to export the data, process the data and create a chart to
view the data. This might take time from tens of minutes to hours. In our work we
present a first prototype of an integrated search engine that takes as input a natural
language query and offers graphic and text output depending on the user task. The
system automatically identifies the resulting time-series and types of graphical data
presentation, and shows the results in a web browser or in Excel. The knowledge-
based expert system uses domain ontologies for extraction of economic terms in the
search queries and specially built data type taxonomies with user task and chart type
ontologies for the identification of graphical output.

1 Introduction

In the economic and financial analysis, rapid access to the right information plays a
major role. Often large amounts of data have to be evaluated in short time. The data
are usually stored in heterogeneous systems and in various databases. In their work,
analysts combine numerical data from various sources with text (such as news, re-
ports, etc.), and expertise that exists in the company.
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In order to collect all the required information, analysts spend a lot of time every
day with information search. Analysts usually simply browse the data sources or
use data search options available by the data providers. These conventional systems
for searching for financial and economic information, however, do not offer natu-
rally formulated search queries such as ”GDP composition in Germany” with direct
graphical output.

Finding the relevant data does not end the analysis task. In the analysis process,
after the data is gathered, the data is copied by hand into another system for further
processing (e.g. into Excel). Finally, appropriate graphics for data presentation are
created. In addition to the domain expertise this graphics construction requires also
skills in information visualization and graphics design from the analyst.

In this paper, we introduce a first prototype of a semantic-based search engine
which takes as input a natural language query, searches over financial information
across multiple financial data services and displays the results in a way that suits
best the user tasks (e.g. as table, text or graph). A preliminary user study to examine
the common analytic tasks with matching answers was conducted. In a later stage,
selected end-users were asked for feedback. Results of both studies are presented.

The paper is structured as follows: Section 2 discusses relevant work about auto-
matic graphical data representation. The third section describes current user search
tasks and used systems for data search. In the Section 4, our framework is pre-
sented. Section 5 provides examples of search output visualization. After giving an
overview of related visual analytics research initiatives, we conclude and discuss
future work.

2 Related Work

Automatic generation of graphical data representation goes back to the work of
Mackinlay [17]. The Automatic Presentation Tool (APT) defines graphical repre-
sentation based on the description of visual attributes. Roth and Mattis based their
SAGE system on Mackinlay’s approach for designing two-dimensional static pre-
sentation of relational data [18]. Casner introduced the BOZ system taking a step
further toward user-centered design with a task-analytic approach [6]. BOZ concen-
trated on the design of graphics that optimize human performance in information
processing tasks. The idea was to replace logical inferences that are cognitively de-
manding with faster perceptual inferences. However, all of these approaches and
their successors today are still computationally too inefficient for interactive appli-
cations. According to the visualization design methodology, we can divide current
systems into two categories - constructive bottom-up and template-based top-down
method [14]. The comparison of the two types of techniques can be found in [16]. In
this paper, we follow a top-down approach that is strongly supported by semantics.
The development of data type and visualization taxonomies was based on the work
by Shneiderman [19] and by Tory et al. [22] which match different data types with
visualization driven by user tasks. A general overview of analytical tasks in visual-
ization is provided by Amar et al. [3]. Amar et al. [2] earlier described a knowledge
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task-based framework for design and evaluation of information visualizations. Fu-
jishiro et Al. [13] introduce a taxonomic approach to semi-automatic design of in-
formation visualization applications using modular visualization environment. An
overview of visualization techniques specialized for time-series can be found in [1];
a taxonomy for temporal data visualizations can be found in [11]. Kohlhammer [15]
shows the use of domain ontologies for effective visualization. We discuss this ap-
proach in more detail in Section 4.

3 User Tasks and Current State of Data Search

In this section we describe the current working environment of financial and eco-
nomic analysts and the questionnaire that was sent out to these analysts. This dialog
with the application end users was very important as a guidance for our research in
this area. Only those visualization solutions that are embedded in the current work
flow of users will be successful solutions.

3.1 Search Tasks

In order to best meet the analytic requirements, we have asked ten financial and
economic analysts from various work domains, what kind of search engines they
use to find the data and what systems they use for data presentation. They were
asked to provide as many data queries as possible including their desired outcomes
and estimation of the time needed to accomplish the analytical task (see Table 1).

More than two thirds of the searches are aimed at getting data in tables, sin-
gle data observations or data charts (see Figure 1). Chart responses included line,
column, stacked column and scatter plot charts. The respondents use financial and
internal databases and copy this data to create charts in Excel. The time needed to
accomplish such tasks (from data search to the production of relevant data presen-
tation) varies strongly according to the desired output and the familiarity with the
searched data sources. Searching for novel information that is not accessed by the
user on a regular basis is much more time-consuming than a search in well-known
data sources. On average, users spend 18 minutes when creating charts, 38 minutes
when creating tables and only 3 minutes when looking for a single value. However,

Table 1 Example answers to the questionnaire

Question Expected Output Expected Duration

Show me EUR/SKK development in the
last week

Intra-day line chart 5 mins

DJI index in the past year Tick data, line chart 5 mins
Show me GDP composition in Germany
and France?

2 pie charts showing GDP com-
ponents

30 mins
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Fig. 1 Required search
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the difference between minimum and maximum time is very high (see Figure 2)
with a maximum of 4 hours for one task.

3.2 Data Sources and Currently Used Search Engines

The sources of information needed are spread across multiple databases from var-
ious data providers (e.g. Bloomberg, Reuters, DataStream, Eurostat, ECB or inter-

Fig. 3 Example of search results using the ECB search engine (http://sdw.ecb.int)
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nal sources). Each data provider uses their own data classification system and data
description system making the search for data across databases very complicated.
Search in such databases is usually constrained to explorative overview of database
entries by category. Some providers offer search engines which should facilitate the
search for data. These search functions, in general, offer as outcome long lexico-
graphic ranking (lists) of the names of the available time series (see Figure 3).

4 Semantics-Based Time-Series Search and Visualization

This section introduces our main concept of semantics-based search and visualiza-
tion. Based on a general approach called decision-centered visualization, we de-
signed a framework for query processing and chart generation. At the core of this
approach is the semantics-based determination of a suitable chart type for the data
and task at hand.

4.1 Decision-Centered Visualization

Our framework follows the decision-centered visualization (DCV) approach [15].
This approach uses knowledge representation, in particular domain ontologies and
meta-databases, to filter and prioritize information and events dynamically depend-
ing on the current task type and user role. In contrast to a simple filtering algorithm,
this approach takes at the same time the visualization requirements of the events

DCV

Knowledge
Representation

Human-Centered
Computing

Information
Visualization

Semantics for Visualization

Representation of
Tasks and User Roles

Perception of
Information Displays

Fig. 4 Overview of the decision-centered visualization approach
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Fig. 5 DCV-specific adaptation of Chi’s data state model

and information into account to be able to support effective and focused visualiza-
tion (see Figure 4).

The connection between information visualization and knowledge representation
is the support of determining what to visualize or how to visualize with the help of
represented metadata and knowledge. The visualization of knowledge representa-
tion structures like ontologies, is not as relevant here, though these techniques are
necessary on another level for creating and maintaining the ontologies. At the heart
of this approach lies the mechanism to represent the presentation knowledge, i.e.
the presentation requirements. These requirements are based on data types similar
to those of Shneiderman, Card, and Mackinlay [19, 5] while their handling is based
on an adaptation of Chi’s data state model [7] (see Figure 5).

4.2 Search and Visualization Framework

Our knowledge-based system for integrated data search and visualization consists
of three major parts (see Figure 6): in the first stage the input query is processed in
order to extract relevant search criteria. Then a suitable set of responses is compiled
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and extracted from the database. Finally, the results are shown in a web browser.
Our system makes use of the ConWeaver framework [9]. ConWeaver provides auto-
mated knowledge network construction, semantic integration and intelligent search
in portals and intranets.

4.3 Query Processing and Response Identification

In the first stage of our framework (see Figure 5 and Figure 6), the input query is
processed in order to extract economic and financial terms in the query. In our work,
we have created modules that identify economic and financial terms in the data
descriptions, by looking for longest terms first. For example “GDP per capita” is a
different term than “GDP”. Furthermore synonyms (consumer prices and inflation)
and abbreviations (e.g. GDP = gross domestic product) can be extracted.

For defining the suitable data presentation type, we have analyzed visualization
types used in the financial and economic domain as well as the results of our user
study. A template-based system for graph generation, which can be adjusted by the
users, is applied. In the system, each presentation type is described by the type of
data input, visualization parameters and the analytical purpose (keywords).

For this application, a description was created for each chart type identified in the
user questionnaire (line, column, pie, scatter plot, etc.). This description was saved
in the chart type ontology. It describes types of data that the specific chart can use
as input and the user tasks for each chart type. Each chart parameter (each chart
axis) is described via the type of data that it takes as input (quantitative, nominal,
ordinal, etc.) and its cardinality. For example a line chart has 3 “axis”: X axis that
usually takes quantitative data of cardinality ≥ 5, Y Axis takes quantitative data of
cardinality ≥ 1, and Legend takes nominal data of cardinality 1-10 (more than 10
series usually make the graph overcrowded). Chart is also characterized by “key-
words” indicating user task connected to the specific chart type. The keywords were
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Economic terms 
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User task identification

Extraction of additional 
information

(e.g. time period)

Domain ontologies
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Time

Tasks

Response
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Need for additional data 
processing

(e.g. pre-calculation)
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Data processing

Data presentation
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DB

DB
DB

Fig. 6 Overview of the search and visualization framework
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identified via matching search queries with expected responses (see in Table 1). For
example, “composition” indicates pie chart, “development” indicates line chart.

4.4 Output Generation

In the output generation stage, the identified suitable response data are collected
from the database. The output type is influenced by the rank of matching data, the
fit of the data to specific chart types and the user task match with the chart keywords.
The output data type and the identified user task are matched with the best possible
chart type. The chart type match (see Figure 7) uses a weighted data type hierarchy
for defining the best possible output type for a given data set to be shown. The output
match is quantitatively expressed by the product of the data type hierarchy step
weights. The weights are pre-set parameters, which can be adjusted. Additionally
the user tasks influence the output type. Additionally, the weight of each chart type
is influenced by matching the chart keywords with the search query. A ranking list
of output types is thereby created. The top ones are used in the output visualization.

nominal,ordinal,nominal

nominal,nominal,nominal

nominal,quantitative,nominal

ordinal,quantitative,nominal

quantitative,quantitative,nominal

Jahr,quantitative,nominal
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0,7

0,8
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ordinal,nominal nominal,ordinal
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0,5 0,5

0,5 0,5

Fig. 7 Semantics-based determination of the presentation type (left) using a data set type
hierarchy (right)

5 Search System Output and Evaluation

For testing the search and visualization framework, real world data sets from the
Federal Reserve Bank of St. Louis (http://research.stlouisfed.org/fred2/) were used.
The FRED database contains about 14,000 economic and financial time series in flat
text files. It provides raw data and time series descriptions.

The engine displays the search results on a Web front-end in the form of dy-
namically generated HTML pages based on the search results. The data that best
match the user query are displayed in a graphical form determined by the response
identification phase (see Figure 8). In our prototypic application, the user may click
on each chart to see the underlying data table in Excel (see Figure 9). The users



Semantic Search and Visualization of Time-Series Data 213

can then further process the data results or design further charts in this application.
Other export formats can be employed on demand. In addition to numeric data, the
search engine offers a list of documents searched on the Internet using common text
search engines (e.g. Google). Using the ConWeaver system [9] we can also easily
include the possibility to search in internal documents, however we did not have
any such data at our disposal. Thus, our approach provides a composite of relevant
information in one window.

Fig. 8 Example search result using our prototype tool
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Fig. 9 Selected user responses exported to Excel

The prototype user queries were used to test the results of our search engine. The
users liked very much the possibility to see an overview of the search responses in
graphic/table format. It enables them to quickly identify major data developments
without cumbersome data export and graph creation for each single data series. This
quick and easy way of preliminary data analysis saves the analysts’ time which they
can use for more in-depth data analysis using e.g. data mining methods.

6 Relationship to Visual Analytics Research Initiatives

One larger extension of this work is currently implemented within the project THE-
SEUS [21] – the development of a semantics-based Visual Analytics framework.
This framework is intended to provide a visual connection between ”high-level”
(semantic) data and ”low-level” data - the actual content. This connection works in
both directions, each of which is necessary to support specific tasks. The primary
idea of the Visual Analytics Framework is not to provide means to navigate and
use semantic knowledge, but more importantly to create, develop and verify this
knowledge, represented in the semantic structures. This bottom-up approach is re-
alized using data analysis techniques like feature detection, similarity identification,
cluster identification etc.

In a certain sense, the work on this framework extends the research by [7] to Vi-
sual Analytics. Chi proposes his data state model for the analysis of visualization
techniques to provide a clearer understanding of the interactions between data and
operators. He describes 36 different analyzed techniques with to have a classifica-
tion and a selection of how to implement different operators in a large visualization
system. It can be seen that several techniques share different operating steps that
could be standardized or modularized for reuse in other systems.

Visual Analytics is a field, where analysis techniques are used in conjunction
with graphical displays that integrate the user and his specific abilities and interests
into the process. Visual Analytics as a field requires standards, which allow a broad
interchange of data of very different types between the different components of
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the system for the data integration, analysis and interaction. The Visual Analytics
Framework will serve this purpose and will revise existing techniques in order to
asses their value for a specific use-case.

7 Conclusions

A prototype system for search in economic time-series databases which takes as in-
put a natural language query, and graphically visualizes the search results has been
developed. The choice of the proper visualization type is task-dependent and is de-
termined using a data taxonomy and a visualization type ontology. Domain ontology
for economic data is used for finding suitable search responses. The system offers
time savings to the potential users when looking for and presenting economic and
financial data allowing them to concentrate on the data analysis part of the analytic
process. Our approach overcomes the computationally time-intensive approaches
for automatic graphics design by following a semantics-based top-down method,
which is combined with a decision-centered visualization approach for generating
visualization familiar to and expected by the user for the task at hand.

8 Future Work

In the near future we will explore the effect of different parameter setups for the
hierarchy type match. It will also be necessary to expand the used financial and
economic ontologies using new data sources (e.g. further classifications) and newly
developed publicly available ontologies. This would allow for more accurate search
responses. We would like to include automatic data processing using financial func-
tions (e.g. calculation of indices) and widen the spectrum of used visualization
techniques. It would be interesting to combine search for numeric data with search
in news feeds. For example, particular patterns (peaks, strong decreases) could be
matched with the relevant stock market interpretation.
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