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ABSTRACT

A Phrase-Driven Grammar System (PDGS) is a novel GUI for facilitating the visualization of data. The PDGS integrates
data source applications and external visualization tools into its framework and functions as a middle-layer application to
coordinate their operations. It allows users to formulate data query and visualization descriptions by selecting graphical
icons in a menu or on a map. To specify data query and visualization intuitively and efficiently, we designed Graphical
User Interface and a natural-language-like grammar, Phrase-Driven Grammar (PDG). The formulation of PDG data
query and visualization descriptions is a constrained natural-language phrase building process. PDG phrases produce
graphical visualizations of the data query, allowing users to interactively explore meaningful data relationships, trends,
and exceptions.

Keywords: Phrase-Driven Grammar, User Interface, Data Query, Data Visualization, Natural Language Interface,
Visual Guidance.

1. INTRODUCTION

Data analysis and visual analytics tools are targeted at a range of users that need to mine data for information. These
applications are powerful and claim to be intuitive; but, ironically, many existing and potential users find them difficult
to learn and use. In our experience, scientists and experts in a particular domain use a specific tool or suite of tools and
are comfortable and proficient at using these tools since they use them frequently and have taken the time to learn them.
On the other hand, occasional and non-expert users such as managers or scientists from other domains also require
similar information, but they often have difficulty using the same tools to extract the information they seek. It is difficult
for inexperienced or occasional users to obtain the information they seek. Most database systems require users to create
and formulate a complex query, which presumes that the user is familiar with the logical structure of the databases [12]
and the GUI. We observe that there is a usability gap and need for tools that provide rapid and easy access to data and
visualizations without extensive training. Companies spend a significant amount of money creating and maintaining
their information systems. However, users often experience problems in accessing and sharing information between
different domains of the organization. We developed a general GUI based on the construction of descriptive phrases.
Our goal is to provide users a consistent means to access information that emulates the conversation patterns that occur
in meetings or reports. Our GUI allows the constrained construction of query phrases through a “drag and drop” process
that includes selections from a variety of map and menu sources. The language specification of allowed phrases is so
called, Phrase-Driven Grammar (PDG). Our goals of this system are:

To provide a consistent and intuitive interface for novice or occasional users requiring little or no training.

To provide immediate feedback during every interaction with the system to reduce or remove all ambiguity about the
next step in the phrase building process and visualization tools, and allow experts full use of their capabilities within the
PDGS framework.

We see our challenge as providing an interface that supports a wide range of users and experience levels with an
optimal balance between usability and expressive power. The recent interest from general and professional users in geo-
spatial tools, such as Google Earth for virtual tourism or Google Maps for statistics displays, illustrates the need for
simple interfaces that non-experts can use. Despite the fact that these map-based applications can be used and
manipulated as web services, they are not, by default, data analysis tools. The PDGS integrates these web services and
provides the means for analysis and data visualization. It should be noted that map-based systems are useful with geo-
spatial data. The PDGS is not limited to geo-spatial data; it is equally applicable to any general data domain and graphic
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visualization. The PDG concept is devised for usability, expressiveness, and dynamic interactivity. In PDG, data
visualization statements are described with relatively short and simple natural-language-like sentences. The process of
constructing sentences is graphically guided and constrained by the system to ensure meaningful and unambiguous
visualizations. Portions of a phrase can be interactively modified to create new visualizations, allowing users to rapidly
explore their data. The PDG phrases are compact and fully descriptive so they can be logged, exchanged, and executed
easily, much like a scripting language in computer programming. The remainder of this paper proceeds as follows.
Section 2 reviews related work in areas of data query and visualization. In Section 3, the concept of PDG is introduced
and the graphical user interface and its operations are discussed later on. Lastly, some examples produced with the PDG
system are presented in Section 4.

2. RELATED WORKS

This section reviews prior research related to our work and their trade-offs in terms of data query and visualization.
Additional comparisons related to the PDG are discussed in Section 3.1.

2.1 Data Query

Databases and information query have been explored from many different perspectives. Along with database model
concepts, many formal query languages have been proposed. E. F. Codd introduced the Structured Query Language
(SQL) concept in 1970 and Peter Buneman proposed the Functional Query Language (FQL) for more specific tasks in
1979 [8,10]. Though SQL became a standard specification of query languages for Database Management Systems, it is
not a common means of finding and manipulating data for naive users [11, 12]. C. Welty and D. W. Stemple performed
a human factors comparison on the two query languages: SQL and TABLET (The Algebra Based Language for
Enquiring of Tables). These two languages are similar except that SQL does not have procedurality. The experiment
results show that subjects using the more procedural language wrote difficult queries better than subjects using the less
procedural language [6].

The Natural Language Interface to Databases (NLIDBs) was proposed in the late sixties. LADDER, which was
introduced in the late seventies, used semantic grammars, a technique that interleaves syntactic and semantic processing.
In NLIDBSs, users do not need intensive training to learn how to use a system since expressions are formed in their native
language. Moreover, questions with negation and universal quantification can be expressed compactly. However,
NLIDBs suffers from ambiguity and expressibility. Human language allows construction of sentences with ambiguous
meanings, which are understandable in context. Users encounter problems with natural language computer-human
interactions when they do not understand the system’s capabilities and they expect the system to interact as normal
people would. Other disadvantages of NLIDBs are as follows [9]:

e [t takes too many steps to understand user’s intended questions in many cases.
e [tis not obvious to the user whether rejected questions lie outside the system’s linguistic coverage, or whether they lie outside
the system’s conceptual coverage.

Successful alternatives to NLIDBs and formal database query languages are form-based interfaces and graphical
interfaces. A form-based interface enables users to enter queries directly on a structured screen form, by entering
appropriate values or conditions in fields [9]. Graphical interfaces relate text-based data to graphical objects to increase
usability and readability. A variety of GUI tools help users construct SQL queries. These approaches are well suited to
simple queries; however, they fail when attempting to express more general and complex queries.

A. C. Bloesch et al. proposed ConQuer as a new conceptual query language based on Object Role Modelling.
ConQuer enables users to pose complex queries in terms of elementary relationships, operators such as “and”, “or”, and
“not”, contextual for-clauses and object-correlation, without needing to know how the information is stored in the
underlying database [7, 9]. Query-By-Example (QBE) is one of the first visual database query languages, developed by
Moshe Zloof in 1975. It presents a blank record and lets users specify fields and values to define a query. Also, it
supports the computation of transitive closure through a special operator, anticipating subsequent research into
extensions of relational query languages to support recursive queries. The language contains relatively few concepts so
a user only needs minimal instruction to get started. QBE is suited for queries that can be expressed in terms of a few
tables. SQL and QBE are expressive; however, complex queries and even queries that are easy to express in natural
language can be difficult for non-technical users to express in these languages [13, 14, 15].
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Most related to our work in the field of Data Query is that of H.R. Tennant et al., introducing a Menu-based system,
NLMenu, in 1983. Rather than requiring the user to type input into the system, input to NLMenu is made by selecting
items from a set of dynamically changing menus. Active menus and items are determined by a predictive left-corner
parser that accesses a semantic grammar and lexicon. As in our system, the advantage of this approach is that all inputs
to the NLMenu System are unambiguous and fully understood, thus yielding a 0% failure rate [1, 8].

2.2 Data Visualization

In terms of formal specification, Bertin’s Semiology of Graphics is one of the earliest attempts at formalizing graphing
techniques. He develops a set of vocabularies for describing data and techniques for encoding data in a graphic. Livny
et al. describes a visualization model that provides a foundation for database-style processing of visual queries [5].
Within this model, the relational queries and graphical mappings necessary to generate visualizations are defined by a set
of relational operators. Wilkinson [15] develops a comprehensive language for describing traditional statistical graphs
and proposes a simple interface for generating a subset of the specifications expressible within his language [2].

In terms of visual query and database exploration tools, VQE, Visage [16], and DEVise [5] focus on developing
visualization environments that directly support interactive database exploration through visual queries. Ben
Schneiderman introduced Dynamic Query, which allows interactive control of visual query parameters that generate an
animated visual of database search results. Since this is intuitive and comprehensive, users do not need to learn SQL in
order to issue queries. This system also provides immediate visual feedback with visual presentations. However, this
approach is most effective for simple queries rather than complex queries [3, 4]. Chris Stolte et al. suggests a database
visualization method [2], which is a graphical application of Pivot Tables. It is easy to use and well suited to a report
such as a summary of data and visual analytics, but has a limited capability for supporting varied visualizations.

Our approach combines an NLI and a menu style interface in a same GUI environment. Specifically, we build upon
the ideas from NLMenu of H. R. Tennant. The PDGS is different from NLMenu in several ways. Specifically,
NLMenu is for data query, and the PDGS is targeted at data visualization. While NLMenu uses only an active menu to
guide users, the PDGS GUI incorporates four ways to constrain selections and guide users’ actions. In addition, like
TABLET, the PDGS has procedurality to help users to form and understand complex queries.

3. PHRASE-DRIVEN GRAMMAR SYSTEM

The design of the PDGS is primarily focused on simplicity and intuitiveness, with the goal that even inexperienced
people can use it for data access and visualization without intimidation or confusion. It acquires data from its connected
data source applications according to user’s requests, provides a way of manipulating the requested data, and then sends
it over to a set of external visualization tools for output. In terms of user operation, users interact with the system based
on a grammar called, PDG, and visual guidance. In the section, we first introduce PDG and its applications to data query
and visualization, and then discuss Graphical User Interface (GUI) and its visual guidance.

3.1 Phrase-Driven Grammar

A completed Phrase-Driven Grammar sentence is similar to an English sentence and each sentence is a complete
unambiguous operation description. This grammar is mainly targeted for data visualization, but since data query,
manipulation, and relationship mapping are parts of the data visualization process, these capabilities are included in
PDG. This paper introduces the basic structure of PDG and provides several examples of data queries and visualizations
that explore the potential of this idea.

PDG Sentence

For selecied stock dutn, show 2D plof of time vs. price  onfo MS-Excel,
EData Source } iData Source Modifier Data Modifier Output v v v
5 T I Data Source Command Output
v v
For selected objects, do something

Figure 1. Structure of Phrase-Driven Grammar.
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Figure 1 describes the structure of a PDG sentence. Each sentence consists of two main parts, the Data Phrase and
the Command Phrase. These two phrases can have their own modifiers as an option to filter data. The dotted-line boxes
in Figure 1 indicate optional phrase components. Phrase components can be abbreviated for terseness and simplicity
when desired. A user must specify at least three essential components, a Data Source, a Command, and an Output to
make a complete sentence and the PDGS GUI guides users step by step in all the stages of constructing a sentence. A
Data Source references data object types, data objects, or data object’s attributes. A Command specifies an operation
related to data query and visualization and its parameters. An Output specifies a visualization tool along with optional
parameters for graphically presenting. With these elements, a complete sentence can be constructed. In PDG, data
query is part of data visualization. For example, the data query expression, “show data”, is equivalent to the data
visualization expression, “show value of data”. It means that a user can use both “show data” and “show value of data” as the
same expression, but PDG considers this expression only as “show value of data”. The colored sentence on the right in
Figure 1 shows a simple example of a PDG phrase for data query and visualization.

3.1.1 Data Phrase and Command Phrase

The Data Phrase is to specify data sources. The “For selected objects” at the bottom of the hierarchy in Figure 1 is
called the Data Source. It can be various data object types or data objects, which are defined in PDG. PDG is best
suited to a hierarchical data model though PDG can support various types of data models. In a relational data model,
data object types can be databases, tables, views, columns, and data objects. In a hierarchical object model, data object
types are data class types and data objects are instantiated class types. For example, let us assume that there is a
hierarchical object data model for coffee shops in the world and its data object types are Country, State, City, and Coffee
Shop. The relationship between them is described in the “Assumption” part of the Figure 2. They can be used as data
sources in Data Phrase. A Data Source definition using a data object type can have a path, which specifies a data
domain hierarchically in an object data model. The path starts with “i»”” and then a data object follows as a higher object
level. This data object is called a “data domain specifier”. If the depth of the path is more than one level, then “of” is
used to connect data objects. If the name of a data domain specifier is unique in the database, then the rest of the path
can be abbreviated (omitted). A data object can also be used as a data source. Figure 2 shows a variety of examples of
data source definitions. “USA” is the data object of the data object type “Country” and “CA” is the data object of the
data object type “State”. “LA’ is the data object of the data object type “City”. And “Best_Coffee” is the data object of
the data object type “Coffee Shop”.

[Assumption] [Abbreviation of Path]

Country, State, City, and Coffee Shop are data object types. For Coffee Shopin LA 2 LA s umigue.
Best_Coffee is a data object of the data object type, Cofiee Shap. Far Coffee Shop in G4, 2 CA is unigue.
Country D State D City D Coffee Shop, where “2” means “contains”. For Coffee Shop tn US4,

[Data Object Types as Data Source] [Data Object as Data Source] [Path Description in Data Object Types]
Far Country, For Best_(Coffee, For City in USA,

For State, For Best Coffes in LA, For City in CA of USA,

For City, For Best_Coffee in LA of CAof USA,  For Coffee Shop in USA,

For Caffes Shap, For Coffee Shop in CA of USA,

For Coffee Shap in LA of CA of USA

Figure 2. Specification of Data Source.

To express more complex data requests, the adjective “each” can be used in a Data Phrase statement. For example, if
users want to see data for each Coffee Shop in a dataset, then it is described as: “For each Coffee Shop in the dataset”. PDGS
takes this Data Phrase and processes each “coffee shop” instance separately. This is similar to “Group By” in SQL. The
effects of the adjective “each” can vary based on the following commands. Figure 3 describes examples of SQL and
PDG statements for the same query. An exception where “each” cannot be used is when a data object is unique as a data
source. For example, Best Coffee in Figure 2 is a data object. “each Best Coffee” does not make sense unless it has
multiple data objects with the same name. The Data Source Modifier is used to support grouping and aggregation
queries in PDG. In SQL, “GROUP BY ... HAVING ...” has a similar functionality. The Data Phrase can be
abbreviated. An abbreviated Data Phrase means that the most recently used data source is implied as a Data Source for
that statement. In summary, the Data Phrase specifies required datasets and the PDGS issues a data request based on the
Data Phrase to a specified data source application. Every element specified in the Data Phrase is directly related to the
data request PDGS makes.
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The “do something” part of PDG is called the Command Phrase. Here “do” means a command related to data query,
visualization, manipulation, or relation mapping; and “something” is a parameter list for the “do” command. The
parameter list varies depending on the type of the command. There are four command types: data query, data
visualization, manipulation, and mapping. A Manipulation type is used when the selected data or visualization needs to
be manipulated. It supports three operations: update, insert, and delete. A Relation mapping type is used when there is a
need to define relationships among data or between data and visual objects. For instance, if a user wants to make a color
overlay of data onto a map, two mapping relationships need to be set: a) the relationship between data and the visual
objects, Color Overlay, and b) the relationship between data, and the visual object, Map.

SQL)
[P [PDG with a Relational Data Model] [PDG with a Hierarchical Data Model]
SELECT name, AVO({sales)
FROM coffee_shop_table For each name in coffee_shop table,
GROUP BY location, name whose [ location is LA],
HAVING location = ‘LA%; show name, avg of sales. For each Coffee Shop in LA,
|::}» show Coffee Shop, avg of sales.
CR OR
SELECT name, AVG(sales) For each name in coffee_shop_table,
FROM caffee_shop_table show name, avg of sales,
WHERE location = ‘LA’ where [location ts LA].
GROUP BY location, name;

Figure 3. Comparison of SQL and PDG for the same data query.

This paper focuses on data query and visualization types. Thus, the command “do” is replaced by the command
“show”, and “something” means a type of visualization and its associated parameters. An optional “Data Modifier” may
specify a set of conditions related to the parameters. More specifically, this set of conditions constrains the received
dataset, which was specified in the Data Phrase. Once the Data Phrase is complete, the required data is requested
immediately by the PDGS. Then, the query result is parsed and prepared by the system for use. Let us take an example
using the statement: “For coffee shop in LA, show me sales amount in 2004.” The Data Phrase is “For coffee shop in L4,” and “show me
sales amount in 2004 is the Command Phrase. The Data Modifier “in 2004” in the Command Phrase, constrains “For coffee
shop in L4” data to the year 2004 data only. A Data Modifier in a Data Phrase allows users to set data filtering options,
similar to a “WHERE” clause in SQL. The following two examples below show how SQL query statements can be
converted to PDG phrases. In the first example, both SQL and PDG are similar in terms of usability. However, the
second example shows how the same command is expressed more simply in PDG.

SELECT * FROM dataset WHERE age="21" AND score > 80
= For dataset, show me all data, where [age=21 and score > 80].

SELECT avg(stock_price) From dataset WHERE stock_name="IBM’ AND time_attribute =2004;
= For dataset, show me avg of stock_price in 2004, where [stock_name = IBM].

The Simple Modifier in PDG is part of Data Modifier and it provides a means of expressing time and location
constraints precisely and conveniently. Time constraints allow selection of a data or period of time. Location-related

data attributes allow an extension to a “within ...” expression, such as “deep”, “high” or “long”, so users can set a specific
constraint. The default is “/ong”. The following are examples of Simple Modifiers:

For a given dataset, show me attribute over 3 years.

For a given dataset, show me attribute on Oct 2nd, 2004.
For a given dataset, show me attribute in 2004.

For a given dataset, show me attribute within 3 miles.

The last step in constructing a PDG statement is to set an output device. The PDGS maintains a list of registered
external visualization tools and can direct its output to them. If a user does not set an output device explicitly, then the
default output device is selected automatically. Depending on a type of visualization, output device can have options
and parameters. PDG supports several types of visualizations. There are built-in visualization types and application-
specific visualization types from external visualization tools. Currently, the built-in visualization types include a variety
of 2D Graphs, Pie Chart, Value, Table, Report, Color Overlay, Heat Map, and Quick Chart. Color Overlay and Heat
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Map are map-specific visualizations for the external application tool, Interactive Map. Figure 4 presents the complete
set of components and options allowed for constructing a PDG sentence. The legend box describes four categories of
PDG components according to their frequency of usage. The dotted boxes are optional components. Details about the
user’s process of sentence construction are described in the GUI description in Section 3.2.

Data Phrase }—[
\ Data Source Modifier |

For well in Hibernia

For each well in Hibernia, whose [avg of oil_prod > 1000],

show

show table
show table of well_id, avg of oil prod

Command Phrase lf

show table of well id, avg of oil_prod in 2004,

where [ water_injection < 100 |,

= ust do

sorted by well_id ascending, T Frequently used

oderately used

i Output separately onto MS-Excel. arelygised

(a) (b)

Figure 4. (a) Sequence of Sentence Construction. (b) Phrase Construction Process.

3.1.2 Data Query and Visualization

This section describes some unique features of PDG in terms of data query and visualization. For flexible and simple
data query and visualization, PDG has aggregate functions such as “number of [data]”, “sum of [data]”, and “avg of
[data]” operators; and these can be used together with a “For each data” type Data Phrase. “lowest” and “largest” are
used to select minimum and maximum values of an expression, respectively. When specifying data conditions in a Data
Source Modifier or Data Modifier, PDG supports combinations of logical operators such as “and”, “or”, and “not” with
parentheses so that a user can construct complex logical operations. In addition to the mathematical operators, operators

such as “starts with”, “ends with”, “contains”, “between”, “is”, and “not” allow users to refine selections in a dataset.
The following examples show SQL and PDG syntax for combinations of logical operators and selection operators:

SELECT supplier_id FROM suppliers

WHERE (name = 'SUN') or (name = 'Hewlett Packard' and city = 'Atlantic City') or (name = 'Gateway' and status = 'Active' and city = '‘Burma’);
> For suppliers, show me supplier_id,

where [ name is SUN or ( name is Hewlett Parckard and city is Atlantic City) or ( name is Gateway and status is Active and city is Burma )].

SELECT * FROM suppliers WHERE supplier_name like "%bob%';
> For supplier, show all data, where [ supplier_name contains bob].

PDG has a data grouping functionality. In some cases, this makes a query statement shorter and clearer, compared to
SQL. For example, if a query requests a name and a score, and whose score is the highest in the dataset, then the
corresponding SQL and PDG is described as follows:

SELECT name, score FROM scoring WHERE score = (select MAX(Score) from scoring);
= For scoring, show name, score, where score is largest.

Figure 5 describes a more complicated example of a data grouping query. It shows how PDG can be constructed
effectively for the SQL statement. We assume that there is a relational data table called “report_history” and, in this table,
each user has many reports, and each report has multiple run dates. Each user, report, and run data are distinguished by
“user_name”, “report_name”, and “report_run_date”, respectively in the table. Now, a user wants to find a data record, which
has the latest run date for each report. “SQL” in Figure 5 shows how the request turns into a SQL query statement. This
SQL query consists of a main query and a sub-query. The sub-query gets a grouped data result and the main query uses
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