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Abstract

We demonstrate PatternVis, an interactive tool that—given a SQL
query and its schema—can represent the relational pattern of the
query in an extended representation of Relational Diagrams. No-
tably, PatternVis can represent groupings and aggregation in addi-
tion to the non-disjunctive fragment of Relational Diagrams.

Our interactive demo has two main contributions: (1) To the
best of our knowledge, this is the first interactive SQL visualization
tool that can give an unambiguous representation of nested SQL
queries with GROUP BY clauses and aggregation. (2) We present
a set of tasks involving multiple-choice questions in which the
goal is to identify the correct output of a given aggregation query
and database instance. Users can choose to complete each task in
one of three modalities (SQL only, PatternVis only, or both) and
experience the varying difficulties in each modality.

CCS Concepts

« Information systems — Relational database query lan-
guages.
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Visual Query Representation, Logical Diagrams, Relational Patterns

ACM Reference Format:

Diandre Miguel Sabale and Wolfgang Gatterbauer. 2025. PatternVis: A Tool
for Relational Pattern Visualization. In Companion of the 2025 International
Conference on Management of Data (SIGMOD-Companion °25), June 22-27,
2025, Berlin, Germany. ACM, New York, NY, USA, 4 pages. https://doi.org/
10.1145/3722212.3725128

1 Introduction

Query understanding (or query reading) is the task of interpret-
ing the intent behind a database query written in a specific query
language. It is critical for database users and various applications,
including query reuse [11] and query semantics debugging [5]. It
is also becoming increasingly important for verifying the queries
written by LLMs via text-to-query interfaces [10]. However, query
reading can be a difficult cognitive task [16] as it requires users to
be familiar with the syntax of the query language and notice subtle
details (like join predicates) which impact the query semantics.
Query diagrams. Visualizations can help users understand com-
plicated messages. A widely cited paper on learning styles found
that “most people of college age and older (were) visual” and rec-
ommends using “schematics, graphs, and simple sketches” instead
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of verbal material alone [4]. Although visualizations are not always
beneficial for program understanding [14], recent user studies have
provided evidence that representing logical constructs such as rela-
tional queries as diagrams instead of text can help users understand
them faster and more accurately [8, 12]. Thus, the goal of query
visualization is to design diagrammatic representation systems for
relational queries that improve query comprehension by depicting
the logical structure of a given query [10]. Another user study has
shown the benefits of such diagrams for query formulation [13].

Relational Patterns. Recent computational experiments show
that applying a relational bottleneck principle-focusing on object
relationships—enables rapid learning and pattern generalization
in neural networks, potentially reflecting human cognition [19].
Diagrammatic representations may be a direct application of this
principle, aligned with Gestalt principles that describe how the
arrangement of visual elements relate to perceived relationships [20].
Thus, one of the key advantages of logical diagrams in general is
that their overall structure emphasizes the relationship between
objects involved in the query, rather than the syntax required for
the query language to support the operation, allowing for efficient
abstraction and generalization. The relationships between the table
references in a query are captured by its relational pattern, which is
the logical function the query represents after treating each table
reference as independent base tables [9]. To be effective, query
diagrams must be able to unambiguously represent all patterns of
a given query language (i.e., they should be pattern-complete).

PatternVis. PatternVis uses a visual query representation that
extends Relational Diagrams [2] and can represent SQL queries
with groupings, aggregations, and nested queries.

ExAMPLE 1 (UNIVERSAL QUERY PATTERNS). Consider the universal
query asking for “sailors who reserved all red boats” on the sailors
database Sailor(sid, sname, rating, age), Boat(bid, bname, color),
Reserves(sid, bid, day) from the “cow database textbook” [15].

Figure 1 shows two ways to write this query with slightly different
interpretations: Figure 1a shows a query pattern that uses only
existential quantifiers and nested negation; it is thus expressible
in relational calculus. Figure 1b, on the other hand, shows a query
that uses grouping and aggregation yet no negation; it compares
the count of different red boats reserved by each sailor with the total
number of red boats.

In particular, these two queries use significantly different under-
lying logic to express this intention. They then give slightly different
results: The first query result includes sailors who have not reserved
any boat, while the second one does not. With PatternVis, patterns
involving grouping, aggregation, and arbitrarily nested queries
(even in the HAVING clause) can be represented and compared.
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SELECT DISTINCT S.sname
FROM Sailor S
WHERE NOT EXISTS
(SELECT *
FROM Boat B
WHERE B.color =
AND NOT EXISTS
(SELECT *
FROM Reserves R
WHERE R.bid = B.bid
AND R.sid = S.sid))

'red'

Diandre Miguel Sabale and Wolfgang Gatterbauer

SELECT DISTINCT S.sname
FROM Sailor S, Boat B, Reserves R

WHERE R.bid = B.bid
AND R.sid = S.sid
AND B.color = 'red'

GROUP BY S.sid, S.sname

HAVING COUNT (DISTINCT B.bid) =
(SELECT COUNT (B.bid)
FROM Boat B

WHERE B.color = 'red')

(a) Query using a pattern from first-order logic

1
1
. \ . | sname —jsname bid bid
sname [—{sname|! bid [ bid 1 . - — - .
- h - | 1 sid [ sid count(distinct(bid)) [ count(bid)
sid [+ sid 1 |color ='red'| !
™ % ! color = red' color = 'red'

(b) Query using grouping, aggregation, and nesting in the HAVING clause

Figure 1: Example 1 demonstrating two different ways to represent the same query finding “sailors who reserved all red boats”

1.1 Recent Designs for Query Visualization

QueryVis [2] is the closest work to PatternVis. QueryVis imple-
mented an online demonstration that generated diagrams repre-
senting SQL queries. However, while the tool supported some forms
of grouping, it was not relationally complete and did not support
nested aggregate queries in the HAVING clause.

The original Relational Diagrams [8] improve certain aspects of
QueryVis and allow an unambiguous visual representation of first-
order logic (and thus any relationally complete language having the
same expressiveness as relational algebra and relational calculus).
PatternVis implements Relational Diagrams and extends them with
support for grouping and aggregation.

SQLVis [13] provides a graph-based visual representation of
queries. Because the system is designed to help users compose
SQL queries, aspects of its visual design are tied to SQL syntax.
Some logical relationships are expressed using text rather than
diagrammatic elements. For instance, two tables joined by one or
more predicates are depicted as connected by a single line.

DataPlay [1] is a tool that allows users to edit a query tree to
receive feedback about updates to the output. Because the tool
is catered towards interactive query writing rather than query
representation, the visual representation does not emphasize the
logic describing the relations between objects in the query. By
design, the type of queries is limited to joins across foreign-primary
key constraints, and there is no support for grouping.

Visual representations were used in a study by Sundin and Cutts
to help users understand relational operations [18]. The authors
illustrated the transformation between the input and output of an
operation (like projection) with icons and example databases with
different numbers of columns. Their focus is on transformations
without negation. PatternVis also uses patterns to help users under-
stand queries, but the patterns involve the whole query instead of
individual data transformations. We focus on logical relationships
between tables and their attributes instead of example databases.
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A recent survey of visual query languages [17] noted that their
main weaknesses were low expressiveness, poor support for soft-
ware engineering workflows, and lack of evaluations. Another re-
cent survey of query visualizations [6] focuses on the relationally
complete fragment only, yet for that fragment gives a consistent
comparison by translating the same set of queries into different vi-
sualizations. PatternVis addresses common issues with visual query
languages while focusing on the complementary goal of query vi-
sualization, extending existing designs for a greater fragment of
SQL and providing a simple tool where any user can easily input a
query and quickly receive a principled diagram.

1.2 Contribution

PatternVis is the first interactive and unambiguous query visu-
alization tool that supports the full disjunction-free fragment of
relational calculus extended with nested grouping and aggregation.
PatternVis also implements additional subqueries such as derived
tables (nested queries in the FROM clause) and common table ex-
pressions (CTEs), which previous work could not support [2, 8].
The list of supported grammar is described in Fig. 4.

We also illustrate the usefulness of relational patterns in practical
applications. To do so, we contribute a set of interactive activities
that let users experience the difficulty of understanding queries in
different modalities and experience how visualizing logical patterns
can help them interpret a given SQL query.

2 Diagram Design

Identifying similar relational query patterns across languages is not
trivial, as different languages may adopt distinct paradigms (like
procedural or declarative) to express the same logical pattern. In
addition, a language like SQL allows several syntactic variants to
express the same query pattern. Our goal is to help a user abstract
from the syntax and be able to focus on the pattern alone.

Our diagram design is an extension of Relational Diagrams [8],
which covered tables, attributes, selection and join predicates, and
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OUTPUT
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Figure 2: The workflow of PatternVis is similar to that of QueryVis but has an unambiguous and more expressive diagram design.

negation scopes. The visual formalism can express relational op-
erations regardless of the syntactic variant of the query. Our visu-
alization builds upon that design by adding visual constructs for
grouping, aggregation, and arbitrary subqueries, even in the HAV-
ING clause. Previously, the QueryVis demonstration supported only
a limited set of aggregation, such as the example in Fig. 3 [2, 12].
The visualization features a query that groups table R by attribute
B then returns an aggregate from each group. Meanwhile, Figure 1b
shows a query using a nested query in the HAVING clause, which
is currently not supported by any tool that we know of.

SELECT SUM(R.A) sum
FROM R
GROUP BY R.B

B
sum(A)

sum

Figure 3: A simple query with grouping and aggregation.

We focus on the disjunction-free fragment of SQL with grouping,
which covers most fundamental logical operations. Our design of
grouping and aggregation is orthogonal to recent ideas on disjunc-
tion, so future updates may incorporate new paradigms such as
disjunction boxes [7] into the visualization.

Another valuable example of the common query patterns that are
represented distinctively by the visualization design of PatternVis
are the four categorical propositions from logic (some/none/all/not
all) [21]. These logical patterns can apply to many different contexts.
For example, with the sailor schema from Example 1, we can find
new expressions like “all red boats are owned by some sailors",
“no red boats are owned by any sailors", just by substituting the
schema and predicates.! By focusing the diagrams on the logical
relations between table references of a query, the diagrams allow a
generalizable interpretation of the pattern across different relational
schemas and syntactic options.

1See https://relationaldiagrams.com/ for visual examples.
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Overall, the diagram design used in PatternVis aims to use a
minimal number of visual constructs to unambiguously represent
a query’s logic across any schema or syntax.

3 Implementation

PatternVis is implemented in Python. First, the schema is parsed
from the input string using simple regex matching assuming that
the schemas come in the form "TABLE_NAME ( ATTR1, ATTR2,...)".
The parsed schema is used to verify the validity of the given SQL
query. Then, a SQL parser is used to parse an abstract syntax tree
(AST) from the input SQL query string, which describes the struc-
ture of the elements present in the query. Next, this AST is processed
by traversing specific nodes corresponding to specific SQL query
clauses. Information about the fundamental query components for
its logical representation, such as join predicates and source tables,
is stored in intermediate data structures. After all the information
is gathered, assignment of table positions in the final diagram is
established by performing a breadth-first search on the (join) pred-
icates that are stored. Tables involving predicates which are more
closely connected to the attributes in the output will be assigned
lower "levels" and placed closer to the left side of the diagram, with
the output table always having the leftmost position. The general
workflow for processing user-input schemas and queries is depicted
in Fig. 2.

Once the necessary tables, attributes, joins, and predicates have
been established, a layout algorithm is used to determine the po-
sitions of the elements. Future updates could further optimize the
layout with algorithms like Stratisfimal Layout [3] to optimize
the position of elements in the diagram and minimize collisions
between edges.

PatternVis currently supports the relationally complete
disjunction-free fragment of SQL, with extensions for grouping
and aggregates. Note that grouping applies additional constraints
on the contents of a query: if a column is used to group a query,
then all other columns may only be further used as aggregates or
the WHERE clause. Additionally, aggregates are not permitted in
the WHERE clause. The full list of supported constructs can be
found in Fig. 4.


https://relationaldiagrams.com/
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Supported SQL Grammar | Definitions

Q:= [WITHTAS (Q)] Query: Common Table Expression
SELECT E|V/|* [[AS] A] {,E|V [[AS] A]} SELECT Clause
[FROM S|Q [[AS] T] {,S|Q [[AS] TI}] FROM Clause
[WHERE P] WHERE Clause
[GROUP BY C|V {,C|V}] GROUP Clause
[HAVING P] HAVING Clause

Ex= C|G Expression

Cu= [T]A Column

G = MIN|MAX|SUM|AVG|COUNT Aggregate
([DISTINCT] C)

Su= T[AST] Source (Table)

P:= P[ANDP] Predicate: Conjunction

| EOE Join

| EOV Selection

| [NOT] EXISTS (Q) Existential

| E[NOT]IN(Q) Membership
| EO(ALL|ANY (Q)) Quantified

| EO(Q) Subquery

| EIS[NOT] NULL Null

Ou=<|<=|=|>=|>]|<>|!= Operator

T Table (Identifier)

A= Attribute (Identifier)

V= Value (String or Numerical)

Figure 4: Grammar supported by PatternVis. Additionally, the usual
sanity conditions for SQL apply.

4 Demonstration

The aim of the demonstration is to show that the diagrams from
PatternVis serve as a broad and unambiguous way of identifying
logical patterns (regardless of a wide variety of syntax options), and
that they allow for efficient and intuitive interpretation of database
queries. For the live demonstration, we offer multiple tasks:

(1) Explore Visualization Capabilities: Participants can exper-
iment with visualizations of various SQL queries using a virtual tool
which takes a schema and a query as input, then outputs a diagram
representing the query logic. Becoming familiar with the diagram
design (in particular the new support for grouping and aggregates)
is helpful for participation in the other tasks. Before participants
fully explore the tool, the demonstrators will load in and showcase
a few examples of visualizations from existing schema-query pairs.

(2) Tutorial: If users prefer a more organized format for learn-
ing how to interpret the query diagrams, after the demonstrated
example, a self-paced written tutorial will be available which pro-
vides descriptions of SQL queries and their corresponding query
diagrams. This tutorial would also be beneficial for users curious
about how newly supported operations are visualized in complex
settings.

(3) Pattern Identification Test: Participants can explore the
importance of relational patterns in query interpretation by partici-
pating in tasks similar to the experimental setup of the Relational
Diagram user study [8]. In addition to serving as a way to demon-
strate the effectiveness of the diagrams, these tasks also familiarize
participants with how the diagram designs correspond to SQL logic.
First, we define multiple many-to-many database schemas (such as
the sailor-boat schema used in Example 1) to use in our test ques-
tions. Then, we generate multiple-choice questions where users
must interpret a query to identify the correct option. Participants
can choose to receive SQL only, PatternVis only, or both, to compare
the difficulty between modalities.
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