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Abstract

Visualization research seeks to exploit the human
user’s ability to interpret graphical representations of
data in order to provide insight into properties of the
data that may not be identifiable through other, non-
graphical means. We seek to answer the following
question with this research: “What can we learn from
data by looking at the questions that are asked about
the data?” In a database context, we view queries as
the data of interest, focusing on structural properties
of the queries. In this paper we describe a formalism
for describing the structural equivalence of queries.
We demonstrate an application of our approach by
using a graph-based technique to visually represent
the structure.

1 Introduction

Visualization research seeks to exploit the human
user’s ability to interpret graphical representations of
data in order to provide insight into properties of the
data that may not be identifiable through other, non-
graphical means. Information visualization, in par-
ticular, focuses on visualizing abstract information,
which often requires innovative mappings from the
data space to the the graphical representation.

While the goal of visualization research is often
to uncover information about “data”, this research
seeks to discover information in an indirect fash-
ion by visualizing queries, or questions, about the
“data”. In particular, we focus on structural prop-
erties of queries in order to derive an understandable
measure of comparison between queries. This mea-
sure can be used to determine where and how queries
are graphically represented.

We graphically represent query structure as
graphs, taking advantage of the visual impact of

graph structures to enhance a user’s understanding of
the underlying information structure. Accordingly,
a user might find themselves drawn into further,
more detailed exploration of the space through visual
means, which otherwise might never occur.[10, 1, 9]

Visualizing structure is certainly not new.
Chemists use visualization system to view crystal
structure. Biologists visualize the structure of amino
acids. In the context of database systems, we have
previously investigated methods for visualizing
structural content of data.[7]

Somewhat related work is that of visual query
specification, in which users graphically represent
the syntax of queries.[2, 3, 4] Some of these ap-
proaches include graph-based presentations.[8, 6]
These visual query techniques are aimed at solving a
problem of specifying queries - not uncovering infor-
mation about the underlying information structure.

The remainder of this paper is structured as fol-
lows. Section 2 provides basic definitions from the
relational model that are used. Section 3 describes
the structural components of queries that we con-
sider, as well as providing a formalism for describ-
ing the structural equivalence of queries. Section 4
describes the visualization of queries as graph struc-
tures. Lastly, Section 5 concludes with a description
of future work and applications of our technique.

2 Definitions

The underlying basis of our approach is the rela-
tional model.[5] For sake of clarity we identify the
key constructs of the relational model that are are
employed. First, let R = {R,S,T} be a database
schema with a finite set of relations. For each re-
lation R € R, we define a finite set of attributes,
R = {A44,...,A,}. For each attribute A; we asso-
ciate a set of possible values dom(4;), called the do-



main of A4;. When considering an instance r we de-
fine adom(4;), the active domain of A;, to be the set
of values existing in r. Note that, while adom(A4;) is
finite, dom(A4;) may be infinite. A tuple ¢ of r is a
function dom(4;) — adom(A;). Define dom(R) =
dom(A;)y,...,dom(A4,).

We sometimes refer to values with the notation
t.A, meaning the value of the A attribute in tuple t.
For sets of attributes, ¢.X means the values of each
attribute of X in tuple ¢. For a relation R, the in-
stance r is a finite set of tuples.

A query ¢ is a function mapping from instances
of relations to instances. We focus on the structural
components of such queries for this research. In par-
ticular, we consider relational algebra (RA) queries
involving relation symbols, attributes, and the fol-
lowing relational operators:

Selection: This operator, written og(R), selects tu-
ples from its input that satisfies the boolean condition
f. The 6 expression is typically of the form a¢g,
where a, 8 € R U dom(R) and ¢ is a binary rela-
tion. For instance r, og(r) = {t|t € r A 6}.
Projection: This operator, written 7 x (R), projects
attributes of R.  For instance r, wx(r) =
{tX|t er NX C R}.

Cartesian Product: This operator, written R X S,
combines relations. For example, if R = {A, B,C'}
and R = {D,E}, Rx S = {A,B,C,D,E}. For
instances r and s, r X s = {¢|(t.4,t.B,t.C) € r A
(t.D,t.E) € s}.

In addition to these operators, and since rela-
tions are considered as sets, the algebra allows for
Union, Intersection and Difference operators, writ-
ten as U, N, and —.

Using the relational algebra, a query g is simply an
expression composed from the basic operators. The
application of each of these operators (to the proper
number of relation instances) produces another rela-
tion. Thus composition of operators is automatic. As
a result, the relational algebra is considered a Pro-
cedural language, in that the query may be imple-
mented directly from the operations.

Sometimes included as an operator in the algebra
is the Join operator, which allows for more succinct
expressions. The join operator is written as R Xy
S, where 6 is a boolean expression, as used in the
selection operator. The join, RxyS = gp(Rx S). A

special type of join, called the natural join is written
by R < S, in which the resultant tuples agree on the
attributes common to R and §S.

2.1 SQL - The Structured Query Language
In practice, the Structured Query Language (SQL)
is used to specify queries against relational database
systems. As the name implies, each query is struc-
tured with the following basic syntax:

select attribute_list
from table_list
where Dboolean condition

With respect to the relational algebra, the list of at-
tributes is equivalent to the project operator, the list
of tables is equivalent to the cartesian product oper-
ator, and the boolean condition is equivalent to the
select operator.

3  Query Structure

In order to visualize query structure we must first
identify the structural elements that are contained
within a query. In this section we define the ele-
ments that are contained within Project-Select-Join
(PSJ) queries. In particular, we focus on relations,
attributes, and join conditions.

Let R be a database schema, and g be a PSJ query,
we define:

Definition 3.1 Relation Schema:  Rel(q) =
{(R,¢)|R € R A R occurs c times in q}

Let g be a query and 7y be a project expression in
q, we define:

Definition 3.2 Project Schema:  Sch(q,w) =

{(R,A)JReERANAE€b}

Let ¢ be a query, § = {=,#,<,<,>,>}, and
o 41g A be a select expression in ¢, we define:

Definition 3.3 Select Schema:  Sch(q,0) =

{(RAJRERARECqNAECRAN[A=A'VA=

Building upon the select schema, we define the
join conditions in a query:

Definition 3.4 Join Condition: Join(q) =
[(R,A,8,8,B)(R,A) € Sch(g,0)A(S,B) €
Sch(g,0)}
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In summary, we consider these elements to be the
base structure of a query. Consider the following ex-
ample:

Example 3.1

Consider the following relations:

Emp = {EmpID, EmpName, Salary, DeptI D}
Dept = {Deptld, DeptName, ManagerID}

We’ll use the following query: List employee names
and the names of departments that each employee works
for. The relational algebra expression for this query is:
TEmpName,DeptName (

O Emp.DeptID=Dept.DeptI D (Emp X Dept)))
The SQL query is:

select E.*, D.*
from Emp E, Dept D
where E.DeptID = D.DeptID

The structural elements for this query are:

Rel(q) = {Emp, Dept}

Sch(q,7) = {(Emp, EmpName), (Dept, Dept Name)}
Sch(q,0) = {(Emp, DeptID), (Dept, DeptID)}
Join(q) = {(Emp, DeptID,=, Dept, DeptI D)}
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3.1 Structural Domination and Equivalence
Using the base structural elements defined in the previous
section we define in this section the concept of structural
equivalence. Structural equivalence provides the basis for
comparing queries, which we use for visualization pur-
poses.

Given two queries ¢q; and ¢» we say that ¢; alpha-
dominates qo, written q; >, g2, if ¢ dominates ¢» rel-
ative to some property a. The properties that we consider
for a are the structural elements of the query, dilineated
below:

Relation Domination:

Rel(q1) 2 Rel(q2) — q1 = Ret G2

Project Schema Domination:
SCh(QDﬂ-) 2 SCh(Q277r) —q
Select Schema Domination:
SCh(QDO-) 2 SCh(Q%O-) —q
Join Domination:

Join(q1) 2 Join(qz) = @1 = Join G2

tSch(r) q2

tSch(a) q2

Given these structural domination properties we can
define the concept of structural equivalence. Again, given
two queries ¢; and gy we say that gy is alpha-equivalent
to qo, written g1 =4 g2, if @1 Zaiphe g2 and q1 2o @2,
again relative to some property o.. Accordingly, we define
the following alpha-equivalent properties:

Relation Equivalent:

Project Schema Equivalent:

Select Schema Equivalent: g1 =gcp(o) 92

Join Equivalent: QG =Join Q2

In cases where queries may be alpha-equivalent in

more than one way we extend alpha to be a logical ex-
pression of the properties. For example, if ¢; and g» are
Join and Select Schema equivalent we denote the equiva-

lence by g1 =Sch(a),Join 92-
4 Visualizing Query Structure

Most visualizations rely upon the values of data to de-
termine where to plot the graphic elements (points, lines,
etc.) The order and scale of the data is depicted in the
placement of graphic elements so as to inform the user
of the relative difference between the plotted values. In
the context of this paper, it is desirable to have some way
of comparing structure of queries and then depicting the
structural similarity in some graphical way. In this section
we describe a visualization technique for graphically de-
picting query structure. Due to space considerations we
focus our examples on queries that are Join equivalent.

We utilize a graph-based model for depicting query
structure. A graph is represented by G = (V, E).
|4 {v1,...,vp} is the set of vertices. E
{(vs,v5)|vi,v; € V} is the set of edges in the graph. In
this paper we use undirected graphs; however, future ef-
forts will employ both directed and undirected edges.

We consider two types of vertices in the graphs we
draw - relations and queries. Edges are drawn between
each query and the relations contained in the query. In
addition, edges are drawn between the relations if a join
condition exists for some query involving those relations.
Example 4.1 shows the graph generated for a single query.

qd1 =Rel 42
q1 =Sch(x) 92

Example 4.1

Let ¢ be the query o g a=s.4(R x S). Figure 1 shows
the graph, with the square symbol representing the query
and each circle representing the relations R and S. Edges
are drawn connecting the relations to the query. A single
edge is drawn connecting the two relations to represent
the join condition.

=
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When more than one query is visualized the similarity
between the queries is graphically derived from the graph
structure in two ways. First, queries that are join equiva-
lent are drawn as the same graph, with color being used
to show an increased frequency for those queries. Sec-
ond, relations are drawn only once, which allows for non-
equivalent queries that share some (but not all) of the join
conditions to become connected. Example 4.2 shows the
graph generated for three queries.



Figure 1: Graph for the query og.a—g. 4(R x S).

q1

92

Figure 2: Graph depicting three queries.

Example 4.2
Let ¢ =  0oRra=saA(R x 8), @ =
opA=s.ArrR.B=T.B(R x § x T), and g3 =

orA-s. A R.B=U.B(R X U). Figure 2 shows the
graph for these queries. Note that the graph demonstrates
the dominance relation q1 < join 2.
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These two examples illustrate the basic technique we
employ. However, one of the challenges in visualizing
information is dealing with potentially large amounts of
data. We have approached this problem architecturally in
our prototype system by separating the equivalence test-
ing from the graph drawing. This allows for the introduc-
tion of new graph drawing algorithms without impacting
the underlying comparisons.

The system uses a radial placement technique for plot-
ting the query symbols. Queries are plotted in the order
they are encountered, with the first being positioned at the
“12:00” position and the remainder drawn in a clockwise
order. Relations are positioned using the mean of the co-

ordinates of the queries that use the relations. If a relation
is used by a single query it is drawn to the outside of the
radius.

The prototype system has been developed to operate
in either a static mode or a dynamic mode. The static
mode takes as input a collection of queries and generates
the graph one time. The dynamic mode takes as input a
stream of queries and grows the graph as changes occur.

The user can interact with the system by selecting
queries with the mouse and then viewing those queries
in a separate graph. This capability allows the user to
simplify the search space as well as see the specific sim-
ilarities between the selected queries. While in dynamic
mode the graph is continually updated in all windows si-
multaneously. Figure 3 shows a medium-size graph of
100 queries. A user selection of 10 queries is shown in
Figure 4.

Figure 3: A graph of 100 queries.

An additional capability of the current prototype al-
lows for a data model to be pre-loaded into the graph.
The model defines the apriori assumptions of the data as
defined by the designer. For example, if the model de-
fines a relationship between two tables in the database,
we would expect that queries involving those tables would
exhibit the relationship with join conditions. Graphically,
the model is overlayed on the graph of queries, which al-
lows the user to verify the model, or more interestingly,
see exceptions to the model. Figure 5 shows an example
of this capability. Note in the figure that there are some
examples of these exceptions.

5 Conclusion

We have presented a technique for visualizing the struc-
tural properties of queries. The technique demonstrates
that graphical representations of queries can be used to
ascertain properties of the underlying data. We employ a



Figure 4: A subset of the 100 queries as selected by
the user.
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Figure 5: A query structure graph overlayed by a pre-
defined data model.

graph-based visualization technique that mimics structure
of queries as graph structures.

We envision a variety of uses for the techniques we
have outlined. The following list of applications outlines
future work we will undertake with this research:

Model Discovery: This problem involves the extraction
of an unknown set of relationships based on usage of the
database.

View Selection: Identifying useful views of the data can
be used to streamline access to the data, especially for
novice users.

Schema Refinement: Given a predefined model, what
portions of the model are used with high frequency. This
may suggest that denormalizing the data might be advan-
tageous.
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