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Abstract
Relational query languages have been studied and used for more
than 50 years, with SQL dominant in practice. Yet that dominance
is now being questioned from several directions at once: higher-
level abstractions such as entity-relationship and functional data
models, application languages that integrate querying with appli-
cation logic, algebraic intermediate representations that blur the
boundary between logical and physical specification, and large lan-
guage models (LLMs) that both generate and explain queries. These
developments highlight that relational languages differ not only in
expressive power, but also in what relational structure they make
explicit and in how effectively they support humans and machines
in writing, understanding, revising, and reasoning about queries.

This tutorial uses this moment to give the data management
community a framework for comparing and redesigning relational
languages in an era of AI-assisted query generation, explanation,
verification, and revision. Rather than beginning from formal def-
initions, we start from a fixed set of representative SQL queries
and compare how classical alternatives and a range of recent lan-
guages express the same relational intent. From these examples,
we derive a common vocabulary of recurring design dimensions
and trade-offs in relational language design. This vocabulary dis-
tinguishes three parent aspects (query intent, relational intent, and
notation), together with several subaspects (such as relational pat-
tern, semantic conventions, and modality). Participants will leave
with clearer mental models for comparing existing and proposed
languages, evaluating their usability for humans and AI systems,
and articulating open problems in the design and evaluation of
relational query languages.

The tutorial webpage is at: https://northeastern-datalab.github.i
o/relational-language-tutorial.
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1 Introduction
Relational query languages are usually studied in terms of expres-
sive power, which answers what a language can say [14]. But ex-
pressiveness is only part of language design, effectiveness is another.
A language also affects how easily we can say what we want to
say, what structure becomes visible, which explanations are easy to
follow, and how readily a query can be revised. In his 1979 Turing
Award lecture “Notation as a Tool of Thought” [37] Iverson cites
Whitehead via Cajori as “By relieving the brain of all unnecessary
work, a good notation sets it free to concentrate on more advanced
problems, and in effect increases (our) mental power....” This perspec-
tive is less prominent in the database community than expressive
power, but it is equally important for language design: a query lan-
guage is not only a means of specifying computation for execution,
but also a tool through which humans and machines understand,
explain, and revise queries. More broadly, it connects to the idea
that language can shape the way we think and reason [65].

This perspective is increasingly timely in practice. A number of
recent efforts revisit the question of whether SQL should remain
the default language for relational querying and propose either
extensions or alternatives (including [1, 6, 50, 56]). These proposals
differ not only in individual features, but also in how they present
relational structure: for example, through nested or pipelined com-
position, named or positional access to relation components, and
tuple or domain variables. Such choices influence what becomes
explicit or implicit, which structural patterns are easy to recognize,
and which rewritings are easy to apply.

At the same time, the rise of generative AI and large language
models (LLMs) is reshaping how users interact with data. Relational
query languages are no longer only for telling machines what to
do; increasingly, they are for helping humans understand what ma-
chines have done or intend to do. As noted in [4, 29], this shift moves
attention from human query composition toward machine query
generation and human query interpretation. When LLM-generated
queries can be wrong or misleading, the key design question is no
longer only whether a language is easy to write, but whether it is
easy to read and supports local revision. In that setting, a query
is no longer merely a one-shot specification for execution, but a
shared working representation (a draft) that humans and machines
iteratively inspect, verify, and revise [29, Fig. 2].

What is still missing is a principled framework for saying how
different relational languages realize the same relational intent while
making different structure, assumptions, and notation visible to hu-
mans and machines. More specifically, we need a way to compare
languages according to how they derive the same result from the
same base relations while differing in notation, structure, and se-
mantic conventions. Without a more precise vocabulary and frame-
work, debates about language design oscillate between surface
syntax and isolated examples.
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1 query intent: a question the user wants answered, prior to fixing a schema
or query language. (an information need)

2 relational intent (semantics / denotation): a relation-valued mapping
from admissible input instances to output relations.

2a relational pattern : a notation-independent abstract relational
structure specifying how an output relation is derived from table ref-
erences [27, 28], up to the semantic background. (Without self-joins:
"relational intent = relational pattern + semantic background")
2b semantic background: the implicit assumptions and conventions
not directly encoded in the query expression that determine which input
instances are admissible and how outputs are computed.

2bi semantic conventions: language-level semantic choices that
affect how a query expression maps admissible inputs to outputs.
(e.g., set vs. bag semantics, null value behavior, the value of an
empty sum

∑
∅ )

2bii schema assumptions: assumptions about admissible
schemas. (such as PK/FK constraints, nullability, and domain con-
straints)

3 notation (syntax): the externally represented scheme of symbols, ar-
rangement conventions, and formation rules by which query expressions are
constructed and recognized.

3a modality1: the external representational form in which notation is
realized. (such as text or diagrams)
3b structural notation: the modality-independent structural nota-
tional design choices that determine how a relational pattern is encoded
in a representation. (e.g., nested vs. pipelined composition, named vs.
positional access to relation components, tuple vs. domain variables)
3c surface notation: the modality-specific notational choices that
affect only local spelling, syntax, naming, or layout (e.g., "R.A" vs. "R[A]"
vs. "A(R)")

query expression: a concrete, well-formed representational object in a partic-
ular notation. (A query expression encodes a relational pattern in a partic-
ular notation and, under a fixed semantic background, denotes a relational
intent.)
query language: a notation together with associated language-level semantic
conventions, thereby yielding a family of well-formed query expressions.

Figure 1: Preliminary Definitions in our relational language design
framework.

Relational Language Design Framework. To systematize
this discussion, we distinguish and disentangle several aspects that
discussions of query languages often conflate. The three parent
aspects are: 1 query intent (a question the user wants answered,
prior to fixing a schema or query language), 2 relational intent (a
relation-valued mapping from admissible input instances to output
relations, i.e. the denotation or semantics of a query expression),
and 3 notation or syntax (the externally represented scheme of
symbols, arrangement conventions, and formation rules by which
query expressions are constructed and recognized).

Relational intent decomposes into two orthogonal aspects: 2a re-
lational pattern (a notation-independent abstract relational struc-
ture specifying how an output relation is derived from table refer-
ences [27, 28], up to the semantic background), and 2b semantic
background (the implicit assumptions and conventions not directly

1Earlier in [30], modality was phrased as an alternative isomorphic representational
form of the same relational intent, possibly tailored to a particular audience.
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└─ PREDICATE: Q.sm = t.sm
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in abstract language 
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Figure 2: Two query expressions in SQL and Soufflé that encode the
same relational pattern with different structural notation choices.
Semantic conventions (such as bag semantics and empty-sum behav-
ior) vary independently.

encoded in the query expression that determine which input in-
stances are admissible and how outputs are computed). The se-
mantic background decomposes into 2bi semantic conventions that
are language-specific and 2bii schema assumptions that are not
language-specific (see Fig. 1). A relational pattern provides the
structural component of relational intent, but it does not determine
the result on its own without semantic background. The semantic
background determines whether two different relational patterns
denote the same relational intent.

Notation (syntax) itself is determined by three aspects that are
not perfectly orthogonal: 3a modality (the external representa-
tional form in which notation is realized, such as text or diagrams),
and two types of notational design choices, 3b structural notation
and 3c surface notation, which are either modality-independent or
modality-dependent (see Fig. 1).

A query expression is a concrete, well-formed representational
object in a particular notation. Given our various prior distinc-
tions, a query expression can also be seen as a derived notion: A
query expression encodes a relational pattern in a notation. A query
language is a notation together with associated language-level se-
mantic conventions, thereby yielding a family of well-formed query
expressions. Figure 1 summarizes this terminology, and Fig. 2 illus-
trates it with a concrete example.

Keeping these aspects distinct is essential: without the notion of
relational pattern, debates on language design tend to focus on logi-
cal expressiveness [27, 28]. Andwithout clearly separating semantic
conventions from syntax, comparisons may attribute to notational
choices effects that are actually due to background context not
directly encoded in a query expression.

This tutorial provides a systematic overview of relational lan-
guage design, i.e. of query languages for the relational model. Rather
than beginning from formal definitions, we start from a fixed set of
representative SQL queries and compare how classical and recent
relational languages realize the same relational intent with differ-
ent relational patterns and structural notations. To make relational
pattern visible, we use the diagrammatic modality of Abstract Rela-
tional Calculus (ARC) [30] as a common reference representation,
which is itself an extension of Relational Diagrams [26, 28]. Our fo-
cus is on languages for flat input and output relations (first normal
form). Our goal is not to advocate a replacement for SQL, but to
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clarify the design space and develop a shared vocabulary for rela-
tional language design, encoding styles, and the evolving demands
on languages that must support both human understanding and
machine generation.

2 Goals and Scope
2.1 Why now is the right time to study

relational language design
Although debates about SQL’s limitations have been ongoing for
nearly 50 years [13], and despite the cautionary lesson that ‘what
goes around comes around’ [57], we believe that now is the right
time to rethink relational language design, for five reasons:

(1) SQL has accumulated decades of patches, resulting in a lan-
guage that often feels more irregular and harder than it needs to be.
It has many clause variants (for example, IN vs. EXISTS), numerous
syntactic quirks, and enough complexity to make queries unneces-
sarily hard to maintain and debug, from simple student queries to
real workloads. SQL is also difficult to extend in a modular fashion
with reusable and extensible libraries.

(2) Researchers are pushing toward higher-level abstractions
such as entity-relationship (ER) data models [18] and pure func-
tional treatments of data [20, 31]. They are also looking at more uni-
fied languages: for example, Rel re-envisions relational languages as
covering entire application programs [6]. At the same time, major
systems groups are again willing to revise the surface language:
Google’s pipe syntax for SQL [56] and similar ideas such as PRQL [1]
and SaneQL [50] aim to make queries more modular and composi-
tional.

(3) LLMs are shifting the main burden for humans from writ-
ing SQL to understanding and verifying SQL. Models can generate
complex queries, but humans (and tools) must still interpret them,
and SQL’s many quirks make that harder than necessary. Prompts
such as ‘Please explain what this query really does’ have become
increasingly common. At the same time, SQL’s syntax and seman-
tics are poorly aligned [34], which can also make it harder for LLMs
to reason about SQL. A language that is slightly more verbose but
more regular might actually make generation, explanation, and
editing easier.

(4) At the lower end of the stack, new intermediate representa-
tions (IRs) are also being proposed to enable algebraic optimizations
across different domains (e.g., across both relational algebra and
linear algebra). Examples include the semiring dictionary language
SDQL [54] and Substrait [3]. Even the traditional boundary between
logical and physical layers is becoming blurry.

(5) We now have enough theory, engineering experience, and AI-
assisted tools to build prototype language transducers much faster
than before. This makes it possible not only to rethink language
design, but also to ‘just do it’, informed by lessons learned from 50
years of real production systems, and by new interaction patterns
(such as AI-assisted querying). Together, these developments make
this an especially good moment to analyze existing relational query
languages and explore new alternatives.

2.2 Learning outcomes, audience, and scope
Attendees will leave with a sharper vocabulary for discussing rela-
tional query languages and more informed mental models of the

design trade-offs between them. They will learn to recognize re-
curring relational patterns across different notations. Importantly,
these patterns exist independently of any particular notation. Rather
than reproducing examples chosen by recent language proposals,
the tutorial starts from a common set of representative queries
and examines how different languages express this shared work-
load.2 Along the way, it introduces well-established concepts in
relational language design (such as domain vs. tuple perspective,
and named vs. positional access to relation components) and more
recent terminology from the author’s work (such as ‘inside-out’ vs.
‘outside-in’). These concepts are illustrated first through running
examples and only then formalized. Thus instead of starting from
abstract concepts, we develop them by looking at many examples.
By the end of the tutorial, attendees should be able to look at an
unfamiliar relational language, separate relational pattern from se-
mantic context and notation, and explain the main design trade-offs
that follow.

Audience and prerequisites. This 90-minute tutorial targets re-
searchers and practitioners seeking an intuitive yet comprehensive
survey of relational language design. It focuses on the commonali-
ties and differences across various languages. The tutorial is easiest
to follow for attendees familiar with relational algebra (RA), rela-
tional calculus (RC), and SQL, but it remains accessible to attendees
with only a background in SQL.

Distribution. Slides will be made available afterward on the
tutorial webpage,3 as with other recent tutorials by the presenter
and collaborators.4

Scope of this tutorial. The tutorial focuses on relational lan-
guages whose inputs and outputs are flat relations (first normal
form, 1NF). These include SQL, relational calculus (RC), relational
algebra (RA), and Datalog-style languages with recursion. Depend-
ing on time, we may also touch on dataframe-style languages (such
as pandas and dplyr), as well as point-free languages (such as APL
and J). We may also briefly touch upon more expressive formalisms
that combine recursion with negation or disjunction, such as dis-
junctive logic programming.

Out-of-scope. Graph query languages, languages for nested re-
lations, and languages for time-series or streaming data are outside
the tutorial’s main scope. We mention them only briefly in the con-
cluding outlook, mainly to position the flat relational setting within
the broader landscape. Graph query languages have already been
the subject of several recent tutorials [7, 19, 42, 46] and surveys [5].

Related tutorials. To the best of our knowledge, this is the first
database-conference tutorial focused on relational language design
since Tannen’s PODS 1994 tutorial on query languages over collec-
tion types [58] and Kanellakis’ PODS 1995 tutorial on constraint
programming and database languages [40]. This stands in sharp
contrast to the large number of recent tutorials on graph query
languages.

2For a 515-slide example-driven tutorial in a similar spirit, see [24]: https://nort
heastern-datalab.github.io/diagrammatic-representation-tutorial/ICDE_2024-
Diagrammatic-Representations-Tutorial.pdf
3https://northeastern-datalab.github.io/relational-language-tutorial
4https://northeastern-datalab.github.io/diagrammatic-representation-tutorial/,
https://northeastern-datalab.github.io/visual-query-representation-tutorial/,
https://northeastern-datalab.github.io/topk-join-tutorial/,
https://northeastern-datalab.github.io/responsive-dbms-tutorial/
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3 Tutorial Content and Outline
The tutorial is organized around a small set of representative SQL
queries that are translated into multiple relational languages and
shown side by side.Rather than defining terminology up front, we
introduce it through comparisons of concrete query expressions
(e.g., contrasting domain and tuple relational calculus) and only then
distill the recurring structural notation choices. This example-first
organization matches the overall goal of the tutorial: to separate
query intent, relational pattern, structural notation, and semantic
conventions, and to give attendees a vocabulary for recognizing the
same relational structure across notationally different languages.

Core concepts. Using ARC as a common reference represen-
tation and Relational Diagrams as an auxiliary visual aid, we in-
troduce the main concepts that recur across relational languages.
These include tuple vs. domain variables, named vs. positional
access to relation components, set vs. bag semantics (and list se-
mantics, where relevant), nested vs. pipelined composition, point-
wise (variable-based) vs. point-free (tacit) notation [6, 8, 9], declar-
ative vs. procedural style [63], null handling and binary vs. ternary
logic [44], explicit joins via equality predicates, implicit joins via
shared variables, joins via path expressions [22, 67], and group-
ing from the inside out (FIO) vs. from the outside in (FOI) [30].
We relate these choices to different user tasks: composing queries
and reading queries [52], and revising existing queries. We also
borrow concepts from programming-language design, especially
orthogonality [9, 39].

Languages.We begin with the classical core languages SQL [34],
tuple relational calculus (TRC), domain relational calculus (DRC),
relational algebra (RA), and Datalog [12]/Soufflé [2, 53], to estab-
lish the main concepts. We then examine comprehension- and
functional-style languages [31, 32, 51] (such as DAPLEX [55],
Kleisli [66], Links [15, 16], and LINQ [48, 49]), with emphasis on
how they expose or hide relational structure. We also discuss Rel [6]
as a recent relational programming language that revisits the bound-
ary between query language and host language, and extends rela-
tional querying toward programming in the large. We then take
a deeper look at formalisms for aggregation, starting from Klug’s
formalism for aggregate queries under set semantics [41], which in-
fluenced subsequent comprehension-based models for database pro-
gramming languages (DBPLs) [10, 21, 33, 59], including extensions
of logic with aggregate operators [36], and, if time permits, brief
hands-on code in Haskell [38, 62]. Finally, we discuss recent compo-
sitional proposals such as Google’s pipe syntax [56], SaneQL [50],
and PRQL [1], asking how pipelining affects modularity and ease of
reading queries Depending on time, we briefly connect these ideas
to dataframe-style systems such as pandas [47] and dplyr [64], and
to point-free languages such as APL and J.

Outlook.We conclude by sketching how the framework extends
beyond flat relational tables. In particular, we briefly discuss the
challenges in moving beyond flat relations to the nested relational
model (such as SQL++ [11] and JSON Relational Duality [35]), and
to graph query languages.Wemay also outline how extensions such
as unstratified negation and disjunctive rule heads substantially
change expressive power [17] and can even allow automating NP
hardness reductions [45]. We close with open problems in relational
language design.

4 Open research issues
The tutorial discusses notational choices in terms of what they
encode and how they encode it. An important issue not addressed
here, but central in practice, is the motivating question from the
introduction: how language shapes the way we think and reason.
In our setting, this means how notation shapes what users notice,
what they can mentally simulate, and where misunderstandings
are likely to arise.

The tutorial does not attempt to answer these empirical ques-
tions. Rather, it provides the vocabulary and conceptual framework
needed to formulate them precisely, so that future evaluations can
compare notational choices in a principled way. At the core of these
questions is which aspects of relational patterns a notation makes
visible to the reader and which it leaves implicit.

The usability of a language, whether for humans or machines,
and for particular applications, must ultimately be established em-
pirically, ideally through preregistered, adequately powered, and
reproducible user studies. The database literature contains some
such targeted studies (e.g., [27, 43]), but we still lack studies of foun-
dational structural notation design questions, such as whether users
understand queries better when they are expressed with domain
variables, tuple variables, or in point-free notation.

We also still lack a principled understanding of how suitable
existing languages are for the increasingly large machine audi-
ence, motivating what one might call “machine user studies” (e.g.,
whether future agents will develop their own structured agent lan-
guages). At the same time, we may want to rethink the boundary
between user-facing languages and internal representations for
query optimization, and perhaps even the traditional separation
between logical and physical optimization (there is room for a new
categorization). More broadly, we need extensive comparative stud-
ies of the wider family of query languages, including graph query
languages and languages for nested relational models.

This tutorial aims to motivate and structure such work by sur-
facing the trade-offs made by existing languages and proposing a
common vocabulary to support future empirical and theoretical
studies.
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