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Creating custom visualizations is difficult because users must specify layout rules even when they only have
an example diagram in mind. We explore an alternative approach: synthesizing visual specifications from
user-edited example diagrams. Focusing on relational data and Alloy instances, we outline a workflow where
users iteratively correct generated diagrams, and the system infers generalizable layout constraints. We also
introduce an early visual-specification language to express these inferred rules. This work sketches a first step
toward example-driven visual specification synthesis.
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1 Introduction
Visual representations play a central role in how people interpret, explore, and communicate
complex information. Across domains – ranging from physics [13] to software engineering [7],
from formal methods [14, 18] to knowledge representation in HCI [11] – visualizations have
long made complex concepts tangible to human stakeholders. Studies have repeatedly shown
that well-designed visualizations can improve comprehension, reduce cognitive load, and support
analytical reasoning [5, 8, 9, 19, 27, 28, 30]. Yet, despite their usefulness, creating effective visual
representations remains a challenging and error-prone activity.
A key difficulty lies in the design of custom visualizations tailored to the semantics of a

specific domain. Unlike general-purpose diagramming tools, domain-specific visualizations must
depict the particular visualization styles unique to a given domain. Literature hints at its importance
[14, 18], and indeed, practitioners have designed a variety of languages and tools (e.g., Vega-Lite
[25], Charticulator [22], Penrose [34], Cope-and-Drag [20], etc.) that allows customizations through
DSL programs or GUI operations. Users of these tools author visual specifications, which link the
abstract concepts in the data to visual and spatial properties. Empirical studies show that, indeed,
these customizations help stakeholders better understand the complex concepts behind them [16].
Despite their expressive power, authoring such visual specifications is hard in practice.

While DSL- and GUI-based interfaces reduce the barriers to creating custom visualizations, they do
not eliminate the underlying conceptual burden of authoring visual specifications. Users must still
explicitly indicate, for example, which parts of the data maps to which visual channels.
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This paper proposes an alternative approach: the synthesis of visual specifications from
user-given examples and interactions. In general, writing specifications is difficult, but when
users work through concrete examples and imagine what should happen visually to these specific
cases, the task becomes easier. These concrete examples serve as “partial specifications” which a
synthesizer may exploit to generate visual specifications that satisfy these examples. Prior research
[15, 35, 36] has shown that example-driven synthesis of specifications is viable. In this paper, we
offer a preliminary exploration of how similar ideas might extend to visual specifications. We
sketch a tentative design for an example-guided synthesis workflow, applied to visualizations of
formal modeling.

2 Background, Motivation, and Related Work
2.1 Visual specifications

Data / Instance
(What do visualize?)

Visualization Tool

Visual Specification
(How to visualize?)

Visualization

Fig. 1. A visual specification serves as the bridge be-
tween data and visualizations. It encodes how elements
of the data should map to elements of the visualization.
The visualization tool applies the visual specification
to the data to generate the final diagrammatic repre-
sentation.

Fig. 1 illustrates the role of visual specifications
within the broader visualization pipeline. This
paper uses the term “data” broadly: It includes
not only conventional tabular data, but also
relational structures and higher-level domain
concepts. For example, in a chemistry domain,
the arrangement of atoms that constitute a mol-
ecule is itself data. A visual specification me-
diates between such data and the visualization
tools responsible for producing the final dia-
grammatic representation. These specifications
describe the “recipes” on how elements of the
data should be translated into their visual forms, and they allow users to customize visualizations.

2.2 Visual specification languages
A long line of research has explored how to most efficiently express a user’s visualization intent
through visual specifications. The foundations of this area trace back to Wilkinson’s seminal The
Grammar of Graphics book [33] which outlined the explicit fundamental components of visualiza-
tions. A number of modern systems (like Vega-Lite [25]) have since implemented Wilkinson’s work
into concrete visual specification languages and tools. Similarly, Wickham [31] devised a grammar
for statistical visualizations, implemented by ggplot2 [32].
Tools like Lyra [23], Lyra 2 [37], and Charticulator [22], then, introduce GUIs on top of these

textual languages, where users construct visualizations through direct manipulation. These tools
expose interactions such as dragging a data field onto a visual channel. Under the hood, each
GUI interaction updates an underlying declarative specification (e.g., a Vega-Lite program, or a
structured constraint-based representation).

Many visualization tasks center on relational data, structured as entities and relations between
entities, such as graphs, networks, and hierarchies. Penrose [34] creates custom visualizations
for relational data through its declarative visual specification language known as style, which
translates entities and relations in the data into shapes and geometric constraints between shapes.
For example, a Penrose user can write a style program to the effect of “Whenever two entities 𝑥
and 𝑦 are related by relation 𝑅, the shape of 𝑥 must contain the shape of 𝑦.” The Penrose engine
would collect these constraints and generate a diagram that satisfies them.

2.2.1 Visual specifications for formal modeling. Visualizations of relational data play an important
role in many formal models, which represent complex systems in logic and help stakeholders
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understand, explore, and verify the correctness and reliability of system design. In short, users
write a model (an abstract description of the system), and formal modeling tools generate valid
instances of the model that capture system behaviors. Despite their perceived utility, literature has
shown that formal models can be hard to learn, understand, construct, and validate [12, 17, 29].
Grounded in the belief that visualizations make complex subjects more tangible, some formal

modeling works have visualization support. For example, the Alloy modeling language [10] has a
built-in instance visualizer which renders entities in the instance as nodes and relations as edges.
Prior studies [14, 18] showed that these visualizations indeed help stakeholders understand, validate,
and communicate their formal models.
These studies, however, also revealed that such generic visualizations are often insufficient,

especially when stakeholders reason with rich, domain-specific representational conventions.
One participant (P6) from prior work [14] used Alloy to model industrial railway systems, and
complained about how Alloy’s visualizations don’t look like their industry-standard visualizations.
Such a need inspired a substantial body of work on customizing visualizations for formal modeling.
Alloy’s own GUI-based “theme customization” feature supports simple customizations such as
hiding certain types of objects and rendering certain types of objects as customized shapes. Other
tools offer deeper forms of domain specificity. Penlloy [14, 18] translates Alloy models and instances
into Penrose [34] programs, where users write a Penrose style language to customize visualizations.
Sterling [6] supports domain-specific visualizations through D3-based [2] JavaScript programs,
while Cope-and-Drag (CnD) [20] provides a DSL for authoring light-weight custom visualizations.

2.3 Difficulty of authoring visual specifications
These visual specification languages and systems do not, however, eliminate the conceptual burden
of creating custom visualizations. Each of the tools mentioned for custom visualizations of formal
models – Penlloy [14], Sterling [6], and CnD [20] – requires users to write explicit visualization
logic, whether in Penrose’s style language (Penlloy), D3/JavaScript (Sterling), or a custom DSL
(CnD). Literature shows that this poses significant barriers. Nelson et al. [16] and Prasad et al.
[20] reported that users valued Sterling’s expressiveness but struggled with “the time involved in
making a custom visualization” and the steep D3 learning curve [3], and feedback on Penlloy [14]
highlighted similar concerns of creating custom visualizations “giv[ing] me too much work” (P10).
Even GUI-based visualization tools – such as Alloy’s “theme customization” feature, Lyra [23],

and Charticulator [22] – do not fully resolve this challenge. GUIs reduce the syntactic burden
of programming, but they still require users to explicitly articulate the visualization they want.
Creating a stacked layout, for example, still requires explicitly toggling options like “Stack Y” [22].
As Satyanarayan et al. [24] noted, these tools assume that users “come with specific chart design in
mind” and simply need convenient ways implementing those designs. But in practice, users often
don’t have such a design prepared and do not know “what customizations are available and how
they might best be applied to the problem at hand” [21].
Ultimately, existing systems do not eliminate the cognitive burden of inventing, specifying,

and refining a visual specification. Users must still decide how to encode entities, how to depict
relations, how to arrange components spatially, and how to align the visualization with domain
conventions. For formal modelers, this becomes an additional layer of specification work atop
already difficult-to-interpret formal models. And, crucially, in the early stages of exploration, users
often do not yet know what visualization they need, making it especially challenging to articulate
mappings or layout rules in advance.

These observations point to a clear research gap: Can we reduce the cognitive burden by gener-
ating visual specifications automatically from user-provided example visualizations? This paper
presents some of our preliminary work on this problem.
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Fig. 2. Example workflow of our proposed system. Starting with an instance, the system generates an initial
diagram for that instance. The user then provides feedback on that diagram, which is then used to synthesize
a visual specification. The synthesized visual specification is refined with user feedback on multiple instances.

3 Example Workflow and Design Objectives
As early exploratory work, we focus on the visualization of relational data generated by relational
formal modeling tools like Alloy, for which we aim to generate visual specification programs in the
form of, specifically, layout programs. Layout programs determine the positions and sizes of the
nodes; other stylistic properties such as colors and shape types are, for now, out of scope.

Our proposed system aims to infer a layout program from light-weight user input in the
form of user-provided example visualizations. Users provide a few illustrative examples of
how they want the visualizations to be laid out, and the system generates a layout program that
generalizes these examples. Fig. 2 walks through an example workflow of our proposed system,
with which we discuss some of the conceptual design objectives guiding this proposal.

3.1 Walkthrough of example workflow
We first introduce an example scenario of visualizing Alloy instances. An Alloy model specifies the
types (known as sigs in Alloy) of the entities and relations that the model reasons about, while an
Alloy instance instantiates the model with concrete entities and relations. Here, we use an Alloy
model for a binary tree. This model consists of a sig Node and binary relations left and right
between nodes, which encode information on the left child and right child of nodes. For example,
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if (𝑎, 𝑏) ∈ left, then 𝑏 is the left child of 𝑎. Instances of this model would specify the concrete
entities belonging to the sig Node along with the concrete left and right relations, like 1 , 5 ,
and 9 in Fig. 2.

3.1.1 First iteration. The first instance of the model 1 involves three nodes (n0, n1, and n2) where
n0’s left child is n1 and n1’s left child is n2. The system first generates a layout 2 in which all
elements are placed in an arbitrary initial configuration. This is because at the beginning of the
workflow, the system has not yet inferred any visual specifications. The user finds the layout 2
unsatisfactory as it does not visually reflect the “left child” relations between nodes. Through a
direct-manipulation interface, the user modifies the system-generated diagram by dragging the
nodes to their desired positions, such that n1 is to the left and below n0, and n2 is to the left and
below n1. This results in a user-provided diagram 3 .
Using the user-provided diagram 3 and the instance 1 , the system concludes the following

partial visual specification 4 : “Whenever two nodes 𝑎 and 𝑏 are related by the relation left in
the instance, the shape of 𝑏 should be to the left of and below the shape of 𝑎”. Such a partial visual
specification can then be applied onto future instances.

3.1.2 Second iteration. We now move onto the next instance 5 , which involves the same three
nodes, but now, n0’s right child is n1 and n1’s right child is n2. Because the previously-generated
visual specification 4 only matches on the left relation in the instance which does not appear in
the new instance, the system once again generates an arbitrary layout 6 . Once again the user finds
it unsatisfactory, and uses the direct manipulation interface to drag the nodes into their desired
positions 7 , where n1 is to the right of and below n0 and n2 is to the right of and below n1.
With this new diagram 7 and new instance 5 , along with the previous diagram 3 and

instance 1 , the system refines the generated visual specification with a new rule in addition to
the previous rule 8 : “Whenever two does 𝑎 and 𝑏 are related by the right relation in the instance,
the shape of 𝑏 should be to the right of and below the shape of 𝑎”.

3.1.3 Third iteration. Now we move onto the third instance 9 which is more complex, containing
five nodes and both left and right relations. The system applies the previously-generated visual
specification 8 onto this new instance to generate diagram 10 , where indeed, the left children
of nodes are rendered on the left and below the parent, and the right children of the nodes are
rendered on the right and below the parent. The user finds this diagram satisfactory, so they accept
the diagram as the user-provided diagram. And as before, the system uses the instance-diagram
pairs to synthesize a visual specification which is then applied to the future instances. This cycle
continues until a specified number of instances have been covered or until the user is satisfied with
the visual specification that the system generates.

3.2 Design objectives
The example workflow allows us to conclude some design objectives of the proposed synthesis tool.

3.2.1 Light-weight user-provided example diagrams. An important objective is to require users to
contribute only minimal, intuitive effort, far less than authoring a full visual specification. The
users should not need to write explicit layout rules such as “elements of type 𝑇 should be stacked
vertically” or “if 𝑥 and 𝑦 are related by 𝑅 then 𝑥 should be to the right of 𝑦.” Instead, users provide a
set of example instance-diagram pairs {(𝐼𝑖 , 𝐷𝑖 )}𝑁𝑖=1, where
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• An instance 𝐼𝑖 (e.g., 1 , 5 , and 9 ) is the data the user wants to visualize, generated by
some automatic tools like Alloy; and

• An example diagram 𝐷𝑖 (e.g., 3 , 7 , and 10 ) is a user-provided depiction of how they
would like instance 𝐼𝑖 to be visualized.

The goal is to generate a visual specification program 𝑃 that satisfies all instance-diagram pairs.
To construct such an example diagram 𝐷𝑖 of instance 𝐼𝑖 , the user would start with an automati-

cally generated diagram ( 2 , 6 , and 10 ) of 𝐼𝑖 , based on both the instance 𝐼𝑖 and the previously-
generated visual specification. The user decides whether or not this diagram is satisfactory. If so,
the user preserves the diagram (as in 10 ). If not, the user modifies the diagram into a new diagram
( 3 and 7 ) through a direct manipulation interface. Typical operations include repositioning
individual elements via dragging and adjusting sizes of individual elements. This workflow pro-
vides a deliberately familiar and light-weight mechanism for authoring example diagrams, with
interaction mechanisms similar to those in Adobe Illustrator.

3.2.2 Iterative development of visual specifications. Just like any specification tasks, designing a
visual specification benefits from an iterative workflow. The user begins by providing an example
instance-diagram pair (𝐼𝑖 , 𝐷𝑖 ). The system generalizes from this pair along with any previously-
supplied pairs, to synthesize a provisional visual specification 𝑃𝑖 . When a new instance 𝐼𝑖+1 becomes
available the system applies 𝑃𝑖 to produce a candidate diagram 𝐷 ′

𝑖+1. The user may accept this
generated diagram or interactively refine it into the desired 𝐷𝑖+1. Such refinements impose new
constraints that guide the next synthesis step.
This iterative process allows users to strategically choose which example instances to provide

and in what order. For example, tools like Alloy automatically generates instances starting with
the simplest ones. Beginning with simpler instances helps users articulate basic visual principles
without being overwhelmed by the intricacies of more complex configurations. This incremental
approach mirrors the workflows already embraced in formal modeling environments.

3.2.3 Properties of good visual specification programs. When provided with example instance-
diagram pairs, the system should generate a visual specification program 𝑃 that encodes the visual
patterns within the example pairs. There are two objective for 𝑃 to be a good program – soundness
and completeness.
𝑃 is sound if it enforces constraints that are consistent with (i.e., not violated by) the example

instance-diagram pairs. Suppose, for an instance 𝐼𝑖 , 𝑃 requires node 𝑥 to be positioned to the right
of node 𝑦. If in the user-provided diagram 𝐷𝑖 node 𝑥 is actually on the left of node 𝑦, then 𝑃 is not
sound. The soundness requirement essentially stipulates that the system should never generate a
visual specification that directly conflicts with the provided examples. But soundness alone does
not suffice – a program that asserts no requirement is vacuously sound, since indeed, it is consistent
with the example instance-diagram pairs.

𝑃 is complete if it captures all intentional patterns by the user across the given examples. This
requirement, however, is inherently difficult to formalize because it relies on knowledge of user
intentions, and sometimes even the users themselves do not have complete knowledge of their
intentions. Consequently, completeness must be interpreted not as an absolute guarantee but as a
best-effort approximation – the synthesized program should generalize all example regularities
while avoiding overfitting to accidental geometric artifacts or layout choices that do not reflect
persistent user intentions.

One way to approximate completeness is to enumerate over a large number of sound programs
with respect to the provided examples, to cover as much possible visualization requirements as
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ProgramF Clause∗

ClauseF LayoutConstraint | IF Selector THEN Clause

SelectorF 𝑣 : SomeSig | SomeRel(𝑣0, 𝑣1, · · · )
LayoutConstraintF Layout 𝑣1 BinaryLayout 𝑣2

| Layout 𝑣1 UnaryLayout
| Cycle 𝑣1 CyclicLayout 𝑣2

BinaryLayoutF LeftOf | RightOf | Above | Below | HorizontallyAligned | VerticallyAligned
| Contains | · · ·

UnaryLayoutF LeftOfCenter | RightOfCenter | AboveCenter | BelowCenter | · · ·
CyclicLayoutF Clockwise | Counterclockwise

Fig. 3. A portion of the abstract syntax of our visual specification language.

possible. If the user does not intend a particular requirement, they may implicitly provide examples
that violate that requirement, causing any program encoding the unintended requirement to
become unsound and thus eliminated. Of course, this strategy can only succeed if the underlying
specification language is sufficiently expressive.

4 Language Design
We now present some of our early work in synthesizing visual specifications for formal methods,
starting with the visual specification language that we are working with. Fig. 3 contains the abstract
syntax for our visual specification language, which is inspired by the set of features in CnD,
identified by Prasad et al. [20] as desirable for formal modeling stakeholders.

4.1 Programs, clauses, selectors, and constraints
A program 𝑃 consists of clauses. Each clause𝐶 encodes a nested list of “if ... then ...” rules, with one
or more selectors followed by one constraint.
Each selector matches on some parts of an instance. A sig-selector (“𝑣 : SomeSig”) binds

the variable 𝑣 to all instantiated entities of a type SomgSig in the instance, while a rel-selector
(“SomeRel(𝑣0, 𝑣1, · · · )”) restricts the clause to only consider the tuples of entities that satisfy the
relation SomeRel. This design mimics the selectors in the Penrose style language.
At the end of each clause is a layout constraint that specifies how the entities matched by

the selectors should be visually laid out. We support binary layout constraints that specify the
positional relationship between two nodes. For example, “Layout 𝑎 LeftOf 𝑏” requires that the shape
of the node 𝑎 is to the left of the shape of the node 𝑏. The constraint “Layout 𝑎 Contains 𝑏” requires
that a shape 𝑎 contains another shape 𝑏, useful in visualizing hierarchical relationships. We also
support some simple unary layout constraints, namely those that constrain a shape’s positional
relationship to the center of the canvas. Such constraints are useful for enforcing global layout
conventions. For example, to specify that “all objects of type 𝑇 must appear on the left side of the
canvas,” we can write “IF 𝑣 : 𝑇 THEN Layout 𝑣 LeftOfCenter.” Like CnD [20], our language also
supports the layout of nodes into clockwise or counterclockwise cyclic structures, useful when
visualizing nodes arranged in a cycle, such as in the leader election protocol [4].
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4.2 Layout enforcement
To enforce the requirements of a clause to a diagram, our system first evaluates all the clause’s
selectors to compute a set of tuples to which the clause applies. Then it enforces the clause’s
terminal layout constraint to the shapes of each tuple.

Each layout constraint is enforced by translating it into constraints between shapes in Penrose
[34] through the Bloom framework [1, 26]. For example, the constraint “Layout 𝑎 LeftOf𝑏” translates
into Penrose constraint “𝑎.𝑥 < 𝑏.𝑥 .” For cyclic layout constraints such as “Cycle 𝑎 Clockwise 𝑏,” our
system first gathers all node pairs to which this constraint applies. If a valid cycle exists among
these node pairs, the system creates an artificial circle shape 𝑐 , and generates Penrose constraints
so that the nodes, in that specified order, lie along the circumference of 𝑐 . In the end, the Penrose
solver would attempt to generate a diagram that satisfies all constraints.

5 Synthesis
Recall that the goal of synthesis is to generate a visual layout program 𝑃 that is both sound and
complete with respect to all instance-diagram pairs. That is, 𝑃 must both be satisfied by all the
instance-diagram pairs, and capture as much of the “user intentions” behind the diagrams as
possible. This section outlines some of our preliminary ideas on the synthesis step.

5.1 Measure of satisfaction
Our visual specification language allows us to measure how well a given diagram satisfies the
constraints enforced by a clause. This satisfaction measure can be used to inform the synthesizer
on the soundness of a clause. We only want to synthesize clauses that have a high satisfaction score.
In the end, we combine these satisfying clauses together into a full visual specification program.

We measure diagram satisfaction as a numerical score 𝑠 ∈ [0, 1] with 1 indicating perfect satisfac-
tion. Each layout constraint maps to a “scoring function” that evaluates how well the corresponding
geometric relationship holds in the diagram. For example, a constraint “Layout 𝑎 LeftOf 𝑏” maps to
a variant of the logistics function whose parameters are the positions of nodes 𝑎 and 𝑏, tuned so
that the further towards the left 𝑎 is to 𝑏, the closer the function value is to 1. As another example,
a constraint “Layout 𝑎 VerticallyAligned 𝑏” maps to a variant of the Gaussian curve, tuned such
that the closer the 𝑥-coordinates ot 𝑎 and 𝑏 are, the closer the score is to 1.
Finally, a clause may match many tuples in many instances. To aggregate these scores we use

the geometric mean. This ensures that a clause that is violated by any parts of any diagrams will
have a low satisfaction score.

5.2 Preliminary ideas on the synthesis algorithm
We start with a naïve, exhaustive synthesis algorithm that generates clauses with high scores:

(1) Generate a well-formed clause 𝐶 (up to a certain bound on the number of nestings).
(2) Generate a set 𝐹 of concrete constraints that 𝐶 enforces on the existing instances {𝐼𝑖 }𝑁𝑖=1.
(3) Compute the compounded satisfaction score of 𝐹 on the example diagrams {𝐷𝑖 }𝑁𝑖=1.
(4) If the score exceeds some threshold, keep the clause 𝐶 .
(5) Repeat.

In short, this algorithm exhaustively searches through all well-formed clauses (up to a certain
bound) and only keeps those that are satisfied by the given diagrams. At the end, we compose the
high-satisfaction clauses together to form a program 𝑃 .

5.2.1 Footprints. Step (2) of the algorithm “simulates” the execution of 𝐶 on the instances and
yields a set 𝐹 of concrete constraints that𝐶 enforces on the diagrams. We call the set 𝐹 the footprint
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n0 AboveCenter

n1 AboveCenter

n2 AboveCenter

n3 AboveCenter

n4 AboveCenter

Instance:
Node n0, n1, n2, n3, n4

Relation(n0, n1)

Relation(n1, n2)

Relation(n2, n3)

Relation(n3, n4)

Clause 𝑪𝟎:
IF a: Node THEN

Layout a AboveCenter

Clause 𝑪𝟏:
IF a: Node THEN

IF b: Node THEN

Layout a AboveCenter

Clause 𝑪𝟐:
IF a: Node THEN

IF b: Node THEN

IF Relation(a, b) THEN

Layout a AboveCenter

Clause 𝑪𝟑:
IF a: Node THEN

IF b: Node THEN

IF Relation(a, b) THEN

Layout b AboveCenter

Footprint

Fig. 4. An Alloy instance, four clauses, and their footprints. Observe that some clauses have equivalent
footprints, and footprints of some clauses are strict subsets of those of other clauses.

of 𝐶 on these instances. Metaphorically, we think of a footprint as some artifact (in this case, set of
concrete constraints) left behind by the execution of a program. Fig. 4 illustrates the concept of
footprint through an instance and four clauses. The top of the figure defines an instance 𝐼 with
five nodes and some relations, along with four syntactically different clauses 𝐶0, 𝐶1, 𝐶2, and 𝐶3 and
their footprints on 𝐼 .

Equivalence Class 𝑬𝟎:

𝐶0 𝐶1

𝑬𝟏:

𝐶2

𝑬𝟐:

𝐶3

Fig. 5. We can arrange the
clauses in Fig. 4 into equiva-
lence classes based on their
footprints (Sec. 5.2.2), and
arrange equivalence classes
into graphs based on strict
subset/superset relations be-
tween footprints (Sec. 5.2.3).

5.2.2 Footprints as approximation of clause equivalence. As seen in
Fig. 4, some clauses, namely 𝐶0 and 𝐶1, have equivalent footprints
under a given instance. And observing 𝐶0 and 𝐶1, we can tell that
they have equivalent behavior. What footprints give us, then, is an
approximation of clause equivalence. If two clauses produce different
footprints under the same instance, then they are not equivalent.
Otherwise, we consider them observationally equivalent.

This allows us to categorize clauses into equivalence classes based
on their footprint. For Fig. 4, we would have three equivalence classes:
𝐸0 consists of 𝐶0 and 𝐶1; 𝐸1 consists of 𝐶2, and 𝐸2 consists of 𝐶3
(see the three equivalence classes in Fig. 5). Whenever the synthesis
algorithm considers a new clause, it creates a new equivalence class
for this clause. If this clause has the same footprint as another clause,
it merges the equivalence classes. In the end, we would only take
a “representative clause” from each equivalence class (e.g., shortest
clause, such as 𝐶0 from 𝐸0) to form a visual specification program.
This allows us to maintain an overall small program, whose clauses
each have different behaviors.

5.2.3 Footprint lattices for comparing clause behavior. Additionally, as
illustrated in Fig. 4, some clauses have footprints that are strict subsets
of that of other clauses. For example,𝐶2’s and𝐶3’s footprints are both
strict subsets of 𝐶0’s and 𝐶1’s. Lifting to footprints of equivalence
classes, 𝐸1’s and 𝐸2’s footprints are strict subsets of 𝐸0’s. This gives us a way to compare footprints
of different equivalence classes – see Fig. 5 which arranges the equivalence classes 𝐸0, 𝐸1, and 𝐸2
into a graph where each edge represents a “strict subset/superset relation” in footprints.
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Now, if the algorithm encounters a new clause whose footprint is not equivalent to that of another
equivalence class, it would attempt to insert the new equivalence class in an appropriate position
within the graph based on the strict subset/superset relations. The result is a graph consisting
of a set of upper semi-lattice of equivalence classes, from which we pick a representative clause
of the top equivalence class in each upper semi-lattice. In the case of Fig. 5, the final program
would consist of an element of 𝐸0. We pick from the top equivalence classes in the lattices because
they are more general: They have larger footprints because they enforce stronger constraints on
the diagrams of the instances, because they have more weaker and less specific selectors that
match larger parts of the instances. In the end, since each clause that is picked covers a larger set
of possible constraints in the diagrams, we need fewer clauses to cover the space of all possible
constraints. The overall program, then, would be shorter and more interpretable.

6 Discussions, OpenQuestions, and Ongoing Work
This paper proposes a shift in the authoring of custom visualizations for formal modeling: moving
from explicit writing of visual specifications to an example-driven synthesis workflow. We designed
a prototype visual specification language focused on layout, and proposed some ideas on the
synthesis of programs in this language. Many open questions arise, however, from this proposal.

Language expressiveness. Our prototype language supports a partial set of layout features
to limit its complexity. We plan to evaluate the expressiveness of this language with real,
stakeholder-made custom diagrams, which would inspire additional features such as softer
layout constraints like Near and more flexible features like shape duplication and grouping.
Our scope also explicitly excludes stylistic properties such as color and shape types, on which
effective visualizations often rely. We must investigate whether or not our language and
synthesis should support these features.

Other synthesis techniques. Our current synthesis algorithm relies on a naïve, exhaustive
search of clauses up to a certain bound to maximize coverage of possible user intentions.
While the footprint-based idea helps us reduce the final program size and complexity, it does
not reduce the search space. We intend to explore alternative methods such as incorporating
both positive and negative examples (example diagrams that users provide/accept or reject,
respectively) and applying constrained specification learning techniques like [36] to generate
clauses that are both satisfied by the positive examples and violated by the negative examples.

User interactions. Theworkflow in Sec. 3.1 makes an assumption that the users never provides
“wrong” diagrams – that every diagram the users provide will satisfy whichever desired visual
specification they have in mind. In early exploratory stages, however, users do not often know
what visualizations they want [21]. The system’s workflow should tolerate these types of
“wrong” diagrams. For example, if a “wrong” diagram causes a previously-generated program
to no longer be satisfied, the system may employ techniques like unsat-core to pinpoint to
users exactly which parts of the diagram causes the conflict. We can also support some notion
of “maximal satisfaction” of programs. Moreover, our synthesis process currently considers
only the final diagrams for synthesis. Could the user’s intermediate interactions – edits or
adjustments made while constructing a diagram – provide useful signals for synthesis? For
instance, if the users’ interactions signal that they do not want a specific constraint (e.g.,
explicitly unaligning two nodes), can we use that information to “mask out” certain parts of
the footprint lattices that contain these constraints?

Our overarching goal is to lower the barrier to creating visual specifications through example-
based interaction. This paper provides an initial foundation for pursuing that vision.
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