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Abstract. Formal logics are central to the specification and verification
of computational systems, yet their adoption outside highly specialised
domains is hindered by steep learning curves and error-prone textual
notations. Making these notations more approachable is particularly im-
portant in education and in settings where non-expert stakeholders need
to engage with formal reasoning. We present a framework that auto-
matically generates block-based visual editors for formal logics using the
Blockly library. From a structured JSON specification of syntax and com-
position rules, our tool produces browser-based editors in which formulas
are constructed by combining graphical blocks rather than writing code.
This approach lowers syntactic barriers for learners and non-experts,
while allowing experts to define new logics without manual interface de-
sign. Although integration with verification backends is planned, the tool
already provides a reusable foundation for accessible and customisable
logic editors.
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1 Introduction

Formal logics are key to specifying and verifying computational systems, partic-
ularly for modelling safety-critical properties and concurrency [19]. In highly reg-
ulated domains such as railways, avionics, and automotive, formal methods are
already entrenched, supported by training pipelines that prepare domain experts
to handle complex notations. However, outside of such contexts, their accessibil-
ity remains a barrier: mainstream software engineers, students, and non-expert
stakeholders often struggle with precise syntax and abstract semantics [5]. This is
particularly evident in educational settings, where empirical studies have shown
that students may find formal notations intimidating and error-prone [12]. In
these cases, visual representations and block-based metaphors can lower the en-
try barrier, offering a gentler on-ramp to logical reasoning without compromising
formal rigor.

This gap is especially problematic in domains like software engineering and
multi-agent systems, where correctness is critical but tooling is often inaccessible.
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Despite advances in verification backends, front-end logic specification remains
mostly unchanged: users still write formulas in textual syntaxes that are error-
prone and hard to learn—especially for non-experts [4].

Visual representations have been explored to improve usability [9], but exist-
ing tools are often domain-specific and not generalisable. Beyond logic-specific
editors, our work connects to the broader tradition of visual programming lan-
guages, such as Scratch and Snap! [10], which demonstrate how block-based
metaphors can improve accessibility and learning.

We address this challenge with a logic-agnostic framework for the automatic
generation of block-based visual editors for formal logics. Built on the Blockly li-
brary [17], our system allows users to construct formulas by composing graphical
blocks. Formal methods experts provide a structured JSON [3] specification of
the logic’s syntax; from this, the framework automatically generates a browser-
based visual editor with drag-and-drop blocks, syntactic constraints, and code
generation.

This approach offers three main benefits: it decouples logic definition from
Ul implementation, enables accessible formula construction for non-experts, and
supports reuse across different logics, from standard temporal systems to domain-
specific languages.

In this paper, we detail the framework’s design, architecture, and imple-
mentation. We show how logic specifications are expressed in JSON, how the
generation pipeline produces Blockly-compatible editors, and how the result en-
ables constraint-aware formula construction. A case study on Alternating-time
Temporal Logic (ATL) [I] demonstrates the flexibility of our approach.

Our broader vision is to lower the entry barrier to formal methods by provid-
ing customisable, accessible tools for logic specification and analysis. While this
work focuses on editor generation, it sets the stage for future integration with
verification pipelines—empowering a wider range of users to engage with formal
techniques.

2 The approach

Our framework generates visual editors for formal logics from structured spec-
ifications authored by experts. While the specification is expressed in JSON—
which is itself a form of structured coding—it is lightweight compared to im-
plementing a visual editor by hand, and requires no knowledge of Blockly or
front-end programming. The effort resembles writing a formal grammar or BNF
description rather than programming a tool, making it accessible to logic experts
familiar with syntactic definitions.

Figure [l shows the architecture: a structured logic specification feeds into a
generator that produces Blockly-compatible artifacts, which power a browser-
based editor where non-experts can build valid formulas interactively.

To ensure generality and logic-agnosticism, our design follows three core prin-
ciples: (i) logic specifications are written in structured text, without requiring
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Fig. 1. Overview of the architecture highlighting the automatic translation from logic
specifications to visual editors. Automatically generated artifacts are shaded.

visual programming knowledge; (ii) visual editors are generated fully automati-
cally, with no manual or Blockly-specific steps; and (iii) the system is modular,
allowing updates or new logics via specification changes alone.

We illustrate our approach using a fragment of Linear Temporal Logic (LTL) [18]
as a running example. Our specification language is a structured JSON format
that defines logic syntax through constructs. Each construct is either a primi-
tive (e.g., an atomic proposition) or a composite (e.g., a temporal operator with
arguments).

Listing 1.1. Primitive construct for Listing 1.2. Composite construct for

atomic propositions. the LTL F (eventually) operator.
{ {

"type": "primitive", "type": "composite",

"name": "atom", "name": "F",

"format": "Y%string" "format": "F JLTL"

} }

The format field is central to each construct: it defines both the block layout
and the code output. Fixed symbols (e.g., "F") determine block labels, while
placeholders (e.g., %string, %LTL) indicate inputs and guide code generation.
For example, %string creates a free text field, while "F %LTL" creates a block
with label "F" and a subformula slot accepting elements from the LTL group.

To simplify constraints and promote reuse, the framework allows defining
named groups of constructs that can be used interchangeably. This avoids re-
dundancy and improves maintainability. For example:

Listing 1.3. Group definition for valid LTL subformulae.

{

"type": "group",

"name": "LTL",

"elements": [”atom", "AND", "UR", "NUTH, "X", IIUII’ "F", IIGH]
}

Placeholders like %LTL refer to these groups, enforcing that composite argu-
ments belong to predefined sets of constructs—which may include both primi-
tives and composites. This structured use of primitives, composites, and groups
enables modular, extensible, and constraint-aware specifications. The translation
pipeline validates the JSON, generates blocks and toolboxes, and defines code
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generators—faithfully encoding the logic’s structure while supporting incremen-
tal updates.

Because users build formulas via structured blocks, precedence and associa-
tivity rules are unnecessary: operation order is enforced visually, simplifying both
the specification and the generated editor.

Complete documentation, sample logic definitions, and source code are avail-
able in our GitHub repositor

3 Case study

To illustrate our framework’s flexibility, we present a case study on ATL [I],
a modal logic for verifying strategic behaviour in multi-agent systems. ATL’s
compositional syntax and strategic modalities make it well-suited for visual rep-
resentation.

The syntax of ATL, following [I], is defined as:

pu=plopleAe] (A)Xp | (A)Ge | (4) ¢Up

where p is an atomic proposition, A represents a coalition of agents, and the
remaining constructs are standard Boolean and temporal operators.

3.1 Specification of ATL Constructs

The specification of ATL in our framework begins by identifying its syntactic
building blocks. These are organised into three categories: Primitives, such as
atom (representing atomic propositions) and agent (denoting agent identifiers),
which do not take subcomponents. Composites, representing operators such as
NOT, AND, X, G, and U, which define terms composed from one or more arguments.
Groups, which are auxiliary constructs used to define reusable collections of
constructs. They help express argument constraints compactly and consistently
across different composite definitions.
A group definition for ATL might appear as follows:

Listing 1.4. Group definitions for ATL constructs.

{
"type": "group",
"name": "all",
"elements": ["atom", "NOT", "AND", "X", "G", "U", "agent"]
}
{
"type": "group",
"name": "all_but_agents",
"elements": ["atom", "NOT", "AND", "X", "G", "U"]
}

Primitive constructs are specified in a straightforward manner as well.

3 lhttps://github.com/AngeloFerrando/Logic2Blockly
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Listing 1.5. Atomic proposition prim- Listing 1.6. Agent primitive with

itive. stacking.
{ {
"type": "primitive", "type": "primitive",
"name": "atom", "name": "agent",
"format": "Y%string" "format": "Y%string",
} "connection": ["agent"]
}

By default, primitive blocks are atomic and not directly composable. How-
ever, some constructs—such as ATL’s strategic modality ((A)), where A is a set
of agents—require collections of primitives. To support this, our specification
includes an optional connection field, allowing compatible blocks (e.g., agent)
to be stacked vertically, forming unordered sets as needed.

A typical composite operator in ATL, such as {(A)) G (globally), can then be
defined with structured placeholders that reference groups:

Listing 1.7. Composite definition for ATL G operator with agent context.

{

"type": "composite",

"name": "G",

"format": "<<Yjagent>> G %all_but_agents"
}

This format indicates that the ()G O operator expects two arguments
(denoted as 0): a stackable collection of agent blocks and a subformula from
the all_but_agents group. This structure enforces correct composition without
manual constraint handling, and can be generalised to other strategic or nested
constructs.

For brevity, we have presented only a subset of ATL constructs. Additional
operators follow the same specification pattern and can be included with minimal
extensions (the full ATL syntax is available on our GitHub repository).

3.2 Automatically Generated Editor

From the ATL specification described above, the framework automatically gen-
erates all the required visual artifacts. The resulting editor offers the following
features: Drag-and-drop blocks for all ATL constructs, each with enforced in-
put constraints derived from the specification. A structured toolbox organised
according to the defined constructs (e.g., Boolean operators, temporal operators,
agents). Context-aware construction: blocks accept only syntactically valid
children, ensuring correctness by design.

Strategic contexts—such as the agent binding in ((A)) G ¢—are handled vi-
sually within the block structure. For instance, a user may instantiate a G
block, which embeds an agent selector and a placeholder for a valid subfor-
mula. This structure enforces scoping and composition constraints interactively,
preventing the creation of ill-formed expressions. Figure [2| shows a screenshot
of an ATL formula constructed using the generated blocks. The expression
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(<<(Alice,Bob)>> G (safe mode * no_collision))

ATL.json
atom
]

atom

safe_mode

[ download current workspace | | upload a new workspace |

atom

no_collision

Fig. 2. Generated GUI in use: ((Alice, Bob)) G (safe_mode Ano_collision) is composed
via blocks.

{(Alice, Bob)) G (safe_mode A no_collision) states that the coalition of agents
Alice and Bob can ensure the system always remains in a safe state with no
collisions. This scenario could represent a robotic or safety-critical environment
involving movement and spatial coordination. It illustrates how users can visu-
ally compose strategic temporal properties using the block-based editorﬂ

4 Comparison with Related Tools

Several tools have introduced visual editors to improve the accessibility of for-
mal specifications, especially for educational use or domain-specific applications.
These tools typically provide pre-defined constructs tailored to particular logics,
with interfaces designed for non-expert users. In contrast, our framework priori-
tises generality and extensibility: logic syntax is specified declaratively, and new
visual editors are generated automatically. Table [I| compares representative sys-
tems along design and usage dimensions, highlighting their respective strengths
and target contexts.

Table 1. Comparison of visual tools for logic specification.

Reference

Interface

Logic

Users

Extensible

Domain

Ours

Blockly

Structured Spec.

Experts & Non-experts

Declarative

General

Grobelna

Scratch-style GUI

LTL/CTL Templates

Non-experts

Fixed Operators

Control Systems

Nergaard et al. [14]

Scratch-style GUI

XACML Rules

Non-experts

Fixed Templates

Access Control

Omar et al. [16]

Structured Editor

Natural Deduction

Non-experts

Proof-based

Classical Logic

While prior tools clearly demonstrate the benefits of visual metaphors for im-
proving accessibility, they are generally tailored to specific logics or application

* Full demonstration video: |https://tinyurl.com/Logic2Blockly
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domains. For instance, Grobelna [9] provides a Scratch-based editor for express-
ing temporal logic requirements in control systems, while Nergaard et al. [14]
focus on authoring XACML access control policies via a rule-building interface.
Omar et al. [I6] support step-by-step construction of natural deduction proofs
for educational purposes. These tools are well-suited to their respective contexts
but rely on fixed sets of constructs and lack general extensibility.

In contrast, our framework is logic-agnostic and auto-generative: experts de-
fine syntax declaratively in JSON, from which a full block-based editor is auto-
matically produced. This enables constraint-aware visual editors for both edu-
cational and practical use, without manual interface design.

5 Conclusions and Future Work

We presented a general, extensible framework for automatically generating block-
based visual editors from structured JSON logic specifications. It lets experts
define new logics without coding effort and enables non-experts to construct
formulas in syntax-aware visual environments.

The framework has been successfully applied to a range of logics, including
CTL [2], ATL [I], NatATL [11], RB-ATL [I5], and Strategy Logic [13], demon-
strating both its flexibility and reusability.

While our framework enables non-experts to build formulas without worrying
about syntax errors, it does not eliminate the need for a basic understanding of
logical semantics. Accessibility here should be understood as syntactic support:
the editor lowers barriers to entry once a user is introduced to the concepts, but
it cannot replace teaching materials or domain training. Moreover, usability for
non-experts depends on experts providing the initial JSON specification. This
dependency is inherent to our approach, as the framework is designed to separate
the tasks of logic definition (by experts) and formula composition (by end users).

Future work includes integrating with verification backends, particularly the
VITAMIN framework [6/7J8], which supports accessible modelling for non-experts.
We also plan to extend the specification language, explore educational use cases,
and improve editor usability.

A limitation of the current work is that JSON specifications have so far been
authored only by the tool developers. Our experience suggests that the effort is
modest—similar to transcribing a logic’s grammar into a structured format—but
we acknowledge that non-developers may encounter difficulties or errors when
writing specifications. The extent to which this overhead deters use has not yet
been systematically evaluated. Addressing this requires empirical studies with
external experts and user feedback on the specification process.
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