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Abstract—Large-scale Flutter applications can accumulate
direct inter-module dependencies, inconsistent responsibility
boundaries, and inflexible data-access implementations as their
functionality grows. Conventional scaffolding approaches
primarily automate project structures and repetitive code, while
architectural relationships commonly remain dependent on
developer-level implementation decisions. This study proposes an
architecture-aware Flutter code generation framework that
transforms  JavaScript Object Notation (JSON)-based
application specifications into modular source code while
systematically applying Clean Architecture, Mediator, and
Strategy rules. The main contribution lies not in combining these
established architectural concepts, but in encoding their
architectural roles as repeatable specification-to-code
transformation rules. The framework was evaluated using three
application specifications containing one, two, and eight
functional modules. All three applications were successfully
generated, executed, and built into installable Android APKs. In
the evaluated Login and Register interaction, two direct cross-
module relationships observed in the legacy architecture were
replaced by mediator-based communication, resulting in no
direct Login and Register reference in the generated structure.
The generated architecture also represented REST API and
SQLite data providers through a common Strategy-based
abstraction. These findings demonstrate operational feasibility
and provide structural evidence that the intended architectural
rules were incorporated into the evaluated generated artifacts.
However, the evaluation is limited to the supported JSON
schema, predefined generation templates, three application
specifications, and the evaluated architectural relationships;
therefore, the results should not be interpreted as general
evidence of long-term maintainability, scalability, or superiority
over other Flutter code generators.

Keywords—Architecture-aware code generation; specification-
driven development; flutter; clean architecture; mediator pattern;
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L INTRODUCTION

Flutter has emerged as a widely adopted framework for
cross-platform mobile application development because it
enables applications for multiple platforms to be developed
from a shared codebase while supporting efficient development
processes and near-native performance [1]. However, as
mobile applications grow in functional scope and architectural
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complexity, maintaining a consistent source-code structure
becomes increasingly challenging. Large-scale applications
may accumulate direct dependencies among functional
modules, unclear responsibility boundaries, and dependency-
related problems that increase the difficulty of software
maintenance and evolution [2], [3].

Clean Architecture addresses these challenges by
separating software responsibilities into distinct layers and
directing dependencies toward stable abstractions [4]. Previous
studies have shown that its application can improve

responsibility separation, source-code organization, and
maintainability in mobile software projects [5], [6].
Nevertheless, Clean  Architecture  primarily  defines

responsibility boundaries and dependency directions. It does
not by itself prescribe a uniform mechanism for coordinating
communication among functional modules or for representing
interchangeable operational behaviors, such as alternative data-
access mechanisms.

Behavioral design patterns provide complementary
mechanisms for addressing these concerns. The Mediator
pattern centralizes communication among participating
components and reduces the need for direct references between
them [7]. Its implementation in software systems has
demonstrated how component interactions can be coordinated
through an intermediary rather than through direct object-to-
object dependencies [8]. The Strategy pattern encapsulates
alternative algorithms or behaviors behind a common interface,
allowing a concrete implementation to be selected or replaced
without modifying its client [9]. In a modular Flutter
application, these patterns can support controlled inter-module
communication and flexible selection of data providers,
including REST application programming interface (API) and
SQLite implementations.

Existing Flutter studies have generally applied Clean
Architecture manually within application-specific projects. For
example, Clean Architecture has been implemented in a
Flutter-based tourism application by manually defining the
presentation, domain, and data structures required by the
application [10].

Related software-engineering research has also emphasized
that reducing dependencies among software components is
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important for architectural scalability and long-term system
evolution [11], while separation of concerns contributes to the
management of software complexity [12]. A reusable Flutter
Clean Architecture package has additionally been proposed to
provide predefined architectural components and assist
developers in separating business logic from platform-specific
implementation [13].

Although these approaches support architectural adoption,
they still require developers to define functional modules,
configure their relationships, implement inter-module
communication, select data-access mechanisms, and maintain
architectural consistency at the source-code level. Reusable
packages and manually implemented architectures can reduce
initial development effort, but they do not necessarily ensure
that the same architectural constraints are applied consistently
across all modules and application versions. Similarly,
conventional scaffolding tools may generate folders, classes,
and repetitive source-code artifacts without systematically
enforcing the relationships among the generated components.

Within the literature reviewed in this study, limited
attention has been given to transforming declarative Flutter
application specifications into multi-module applications while
systematically enforcing responsibility separation, mediator-
based inter-module communication, and strategy-based data-
provider variation during source-code generation. The research
gap addressed in this study is therefore not the absence of
Clean Architecture, Mediator, or Strategy as individual
software-engineering concepts, since these concepts are
already well established. Rather, the unresolved issue concerns
their systematic enforcement as part of an automated
specification-to-code  generation process. Without such
enforcement, architectural conformance remains dependent on
developer expertise and local implementation decisions,
potentially resulting in inconsistent dependency structures and
architectural drift.

To address this gap, this study proposes an architecture-
aware Flutter code generation framework that receives
application specifications in JavaScript Object Notation
(JSON) format and transforms them into modular Flutter
source code. The JSON input serves as a blueprint that defines
application-level properties, pages, routes, functional modules,
and selected data providers. During generation, the framework
applies Clean Architecture rules to organize software
responsibilities, Mediator rules to coordinate communication
among functional modules, and Strategy rules to represent
REST API and SQLite data providers through interchangeable
abstractions.

The principal novelty of the proposed framework does not
lie merely in combining Clean Architecture with the Mediator
and Strategy patterns. Its scientific contribution lies in
encoding these architectural decisions as repeatable
specification-to-code ~ generation  rules.  Consequently,
responsibility boundaries, communication mechanisms, and
data-provider abstractions are established during source-code
generation rather than being left entirely to post-generation
manual implementation. This mechanism is intended to
produce consistent architectural structures across modules with
different functional responsibilities.
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This study makes three main contributions. First, it defines
a JSON-based specification-to-architecture mapping that
transforms application properties, pages, routes, functional
modules, and data-provider configurations into organized
Flutter source-code artifacts. Second, it implements an
automated generation mechanism that systematically applies
Clean Architecture boundaries, mediator-based inter-module
communication, and strategy-based data-provider variation
during source-code generation. Third, it provides an empirical
feasibility and structural evaluation using three application
specifications with increasing modular complexity, including
operational generation and build observations, a legacy—
generated architectural comparison, and inspection of the
generated Mediator and Strategy structures.

The evaluation examines whether the framework can
successfully generate, execute, and build Flutter applications
from the tested JSON specifications. Structural architectural
characteristics are assessed by comparing the available legacy
and generated application structures, examining direct
functional-module relationships, and inspecting whether the
generated source structure incorporates the intended Mediator
and Strategy mechanisms. The results are interpreted as
evidence of operational feasibility and architectural
conformance within the evaluated scenarios. They are not
considered complete proof of long-term maintainability,
scalability, or testability because these broader quality
attributes require larger application samples, repeated
experiments, additional software-quality measurements, and
longitudinal maintenance evaluation.

The remainder of this study is organized as follows. Section
II critically reviews previous studies on Clean Architecture,
behavioral design patterns, Flutter architectural approaches,
code generation, and software-quality evaluation. Section III
describes the proposed framework, JSON specification,
architectural generation rules, experimental scenarios, and
evaluation procedure. Section IV presents and discusses the
operational and structural evaluation results. Section V
discusses the threats to validity and limitations of the study.
Finally, Section VI presents the conclusions and directions for
future research.

II.  RELATED WORK

Clean Architecture has been applied in mobile software
development to improve separation of concerns and control
dependency directions. Rachovski et al. [4] used Clean
Architecture principles to organize the design and
implementation of a mobile platform, while Santiago-Salazar
and Rico-Bautista [5] examined its impact on the performance
and maintainability of native Android applications. In the
Flutter context, Sinatria et al. [6] implemented Clean
Architecture by separating presentation, domain, and data
responsibilities. These studies indicate that layered
architectural separation can clarify responsibility boundaries
and improve source-code organization. However, the
architectural structures in these studies were implemented
manually within individual application projects, meaning that
architectural consistency remained dependent on developer
knowledge and implementation decisions.
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Behavioral design patterns provide complementary
mechanisms for managing software interactions and behavioral
variation. The Mediator pattern centralizes communication
among participating components, thereby reducing the need for
direct references between them [7]. Petrova and Varbanov [8]
demonstrated mediator-based communication and command
handling using the MediatR library in a .NET environment.
Meanwhile, the Strategy pattern encapsulates alternative
algorithms or behaviors behind a common interface, allowing
an implementation to be selected or replaced without
modifying its client [9]. Although these studies establish the
architectural roles of Mediator and Strategy, the patterns are
generally applied manually at the source-code level.
Consequently, their implementation may vary among modules,
developers, and application versions.

Wijayanto and Sejati [10] applied Clean Architecture to a
Flutter-based mobile tourism application and reported that the
separation of presentation, domain, and data responsibilities
supported  application modularity and development.
Nevertheless, the architectural components and their
relationships were manually defined for the specific application
rather than generated from a declarative specification. In a
broader software-architecture context, Aljaloud and Razzaq
[11] demonstrated the importance of reducing dependencies
when restructuring monolithic software systems, while Idate et
al. [12] emphasized separation of concerns as a mechanism for
managing software complexity. These studies reinforce the
importance of modularity and dependency management but do
not provide an automated mechanism for generating modular
Flutter applications.

A more directly relevant reusable solution was introduced
by Boukhary and Colmenares [13] through the Flutter Clean
Architecture Package. The package provides reusable
architectural components that help developers separate
business logic from platform-specific implementation. This
approach reduces the effort required to establish a Clean
Architecture structure in Flutter projects. However, a reusable
architectural package differs from an architecture-aware code
generator. Developers must still define the functional modules,
configure dependencies, implement communication among
modules, and determine how alternative data providers are
integrated. Therefore, the package supports architectural
implementation but does not automatically transform an
application specification into a complete multi-module Flutter
project with generated Mediator and Strategy structures.

Stirgwolt et al. [14] demonstrated that modular
architectures can support system evolution by controlling
relationships among components. Sangwan et al. [15] further
emphasized that architectural dependency analysis is necessary
because uncontrolled dependencies may increase change
propagation and complicate software evolution. Sun et al. [16]
investigated the relationship between dependency injection and
software maintainability, demonstrating the relevance of
dependency management to software-quality assessment.

Recent model-driven software-engineering studies provide
a broader perspective on systematic and architecture-aware
software generation. Lano et al. [17] proposed an agile model-
driven re-engineering approach that uses software abstraction,
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semantic  models, transformation, refactoring, and
rearchitecting to support legacy-system modernization and
platform migration. Their evaluation included practical re-
engineering cases involving legacy systems and comparison of
program-translation effectiveness, demonstrating how explicit
model-driven  transformations can support automated
restructuring and target-code production.

Jiménez-Navajas et al. [18] proposed a model-to-text code-
generation technique in which extended Unified Modeling
Language (UML) design models are transformed into
executable source code. Their approach uses explicit Model-to-
Text transformations to generate Python and Qiskit code for
classical-quantum systems and was evaluated through a multi-
case study involving seven software systems. Although the
target domain differs from Flutter mobile applications, the
study provides a relevant example of specification-driven
generation in which transformation rules and generated
artifacts are explicitly defined and empirically evaluated.

Recent studies published in applied computer-science
venues provide additional perspectives relevant to the present
work. Tiali et al. [19] employed a model-driven engineering
approach in which explicit transformation rules systematically
map business-process representations into generated executable
smart-contract artifacts. Although their source and target
technologies differ from the present study, their work
illustrates the importance of making transformation rules
explicit when automated generation is claimed. In the mobile-
software context, Yataco et al. [20] demonstrated the practical
use of Clean Architecture in an implemented mobile system,
showing the continuing relevance of responsibility separation
and modular architectural organization in application
development. From a software-quality perspective, Abufakher
[21] empirically investigated GoF design patterns using
multiple object-oriented quality metrics, illustrating the
importance of explicitly defined measurement procedures
when quantitative structural metrics are reported.

These studies strengthen the methodological positioning of
the present work because they demonstrate that model- or
specification-driven software generation can encode explicit
transformation rules rather than relying exclusively on manual
implementation. However, none of these studies addresses the
generation of modular Flutter applications in which Clean
Architecture  organization, mediator-based inter-module
communication, and strategy-based data-provider variation are
jointly incorporated into the generated source structure.

Collectively, these studies demonstrate that architectural
quality can be examined from multiple structural perspectives,
including cohesion, coupling, modular organization, and
dependency relationships. They also indicate that individual
static metrics capture only selected characteristics of a software
architecture and should not be interpreted as complete
measures of long-term maintainability, scalability, testability,
or developer effort. Accordingly, the present study focuses its
empirical structural evaluation on directly observable
architectural relationships in the evaluated artifacts,
particularly direct functional-module dependencies and the
generated Mediator and Strategy structures.
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Table I compares representative related approaches
according to their target platforms, input mechanisms,
architectural support, levels of automation, evaluation methods,
and remaining limitations. The comparison distinguishes
manually implemented Clean Architecture applications,
reusable architecture packages, model-driven generation
approaches, and the architecture-aware Flutter code generation
framework proposed in this study.

As shown in Table I, existing Flutter studies mainly apply
Clean Architecture manually or provide reusable architectural
components whose final configuration remains developer-
controlled. In contrast, recent model-driven approaches [17],
[18] demonstrate that explicit software representations can be
transformed systematically into generated artifacts. The
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proposed framework combines these two directions by using a
declarative JSON specification to generate Flutter source code
while  incorporating  predefined Clean  Architecture
organization, Mediator-based inter-module communication,
and Strategy-based data-provider variation.

Nevertheless, Table I should be interpreted as a capability-
level comparison rather than a direct performance benchmark.
The reviewed studies differ in platform, input representation,
transformation  objectives, generated technologies, and
evaluation procedures. Therefore, the empirical evaluation in
this study uses the available legacy application as an internal
structural baseline, while a controlled comparison with
functionally equivalent external Flutter generators remains
future work.

TABLE L. COMPARISON OF RELATED ARCHITECTURAL APPROACHES
Study Platform / Input Architectural Support Automation Level Evaluation Remaining Limitation
Wijayanto and Flutter; manually Clean Architecture for Man}lal application- Functional application | Not generated from declarative
bt implemented . specific . .

Sejati [10] . modular mobile . . case study specification

requirements implementation

Flutter; 1 .
Boukhary and utter;  reusable Package-assisted; Package . L

package and | Reusable Clean . . L No complete specification-driven
Colmenares . assembly remains | demonstration/application . .

developer Architecture components . . multi-module generation
[13] configuration developer-controlled implementation
Lano et al Legacy software Refactoring, restructuring, | Automated/model- Real-world legacy cases Different target probl_em/platform;

and semantic LE Lo . . . . no  Flutter = Mediator/Strategy
[17] rearchitecting, migration driven transformation and translation evaluation .

models generation
J1meqez— Extended ~ UML | Model-driven source-code | Automated Model-to- | Seven-system multi-case Different .target domalp/output
Navajas et al. . . technology; no Flutter architecture-

models generation Text transformation study
[18] pattern enforcement

. One-, two-, and eight-
1 Archit i ’ ; .

Flutter; JSON c can rehitecture Automated module scenarios; | Limited to supported JSON
Proposed applicati organization, Mediator . S X .

pplication L specification-to-code execution/build schema, templates, modules, and
framework . . communication, Strategy . o .

specifications : L generation validation; structural | evaluated scenarios

data-provider variation evaluation

III. METHODOLOGY

A. Framework Overview and Architecture

This study evaluates a Clean Code Generator developed as
part of the CleanApp environment. The generator receives an
application specification in JSON format and produces Flutter
source-code artifacts using predefined generation templates.
The JSON configuration describes the structure and functional
elements of the target application, while the generation
mechanism incorporates architectural structures based on
Clean Architecture, Mediator, and Strategy. The resulting
Flutter project is subsequently executed, built into an Android
application package (APK), and inspected through operational
and structural architectural evaluation.

B. JSON-Based Application Specification

The Clean Code Generator receives its input as a JSON
configuration produced by the CleanApp Builder. The
configuration describes the application structure to be
generated, including application-level information, page
definitions, navigation routes, data-provider configurations,
optional features, and application branding information. The
JSON specification therefore serves as a declarative
representation of the target application, while the generator
translates the supplied configuration into the corresponding
Flutter source-code structure.

record

app_name (string)
first_page (string)
use_sqlite (bool)

— pages (8 items)
[item]
|—— name (string)
title (string)
app_type (string)
! primary_color (string)
- tertiary_color (string)
secondary_color (string)
—— properties
routes (N items)
L— [item]
route_name (string)
route_type (string)
destination (string)
data_provider
api (N items)
[item])
url (string)
nane (string)
sqlite (N items)
features (optional, N items)
[item]
icon (string)
title (string)
subtitle (string)

logo_url_link (optional, string)

Fig. 1. Structure of the JSON application.

As shown in Fig. 1, the specification contains three
application-level elements: app name, first page, and
use_sqlite. The pages collection contains the definitions of the
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functional pages included in the generated application. Each
page contains descriptive attributes, including its name, title,
application type, and interface colors. The properties element
contains the configuration required to determine navigation,
data access, optional features, and application branding.

Navigation is represented through the routes collection, in
which each route contains route name, route type, and
destination. Data-access requirements are represented by the
data provider element, which can contain API- and SQLite-
based configurations. An API entry contains a url and name,
while the SQLite configuration can contain multiple entries
depending on the application specification.

The high-complexity configuration can additionally contain
optional features, consisting of icon, title, and subtitle, as well
as an optional logo_url_link.
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among functional modules without requiring direct module-to-
module references, whereas the Strategy mechanism is used to
organize alternative data-access implementations behind a
common abstraction. Thus, the generator does not merely
produce project folders and repetitive source code; it also
embeds predefined architectural relationships into the
generated project.

In the generated architecture, each functional module
contains a controller that acts as the principal coordination
point for the corresponding module. Interactions that involve
other functional modules are routed through the generated
mediator structure, while data-access alternatives such as
REST API and SQLite are represented through Strategy-based
components. This mechanism allows the same architectural
conventions to be repeatedly applied to different application
specifications and functional modules.

TABLE II. JSON SPECIFICATION CHARACTERISTICS OF THE The architecture-aware generation mechanism can be
EXPERIMENTAL SCENARIOS summarized as a set of specification-to-code transformation
Configuration Low Medium High rules. These rules determine how application elements and
element Complexity Complexity Complexity architectural conditions are translated into generated source-
pages 1 item 2 items 8 items code structures. Table III summarizes the principal rules
. . . implemented by the framework and the architectural structures
routes 2 items N items N items
produced by each rule.
data_provider.api 0 items 0 items N items
data_provider.sqlite 0 items 0 items N items TABLEIII.  SPECIFICATION-TO-CODE ARCHITECTURAL GENERATION
) RULES
features Not shown Not shown thlonal, N - -
items Specification or Generated
logo url link Present Not shown in Ontional Architectural Generation Rule Structure /
80_UrL displayed schema P Condition Architectural Effect
Note: N denotes a variable number of items in the displayed JSON schema rather than a fixed Module

experimental count.
The number of elements varies according to the application
scenario. Therefore, the JSON specification does not directly
encode a fixed application implementation; instead, it defines
the application elements that must be interpreted by the
generator. The generator subsequently applies its predefined
architectural rules and source-code templates to produce the
corresponding Flutter project.

Table II highlights the differences among the JSON
structures used in the three experimental scenarios. The low-
complexity configuration contains a single page and two
navigation routes, whereas the medium-complexity
configuration contains two pages and supports a variable
number of routes. In both displayed configurations, the API
and SQLite provider collections contain no items. The high-
complexity specification extends this structure to eight pages
and supports multiple routes, API and SQLite entries, optional
feature definitions, and an optional logo URL. Thus,
experimental scenarios increase not only in the number of
generated functional components but also in the richness of the
configuration processed by the generator.

C. Architecture-Aware Code Generation Mechanism

The proposed framework transforms the JSON
specification into Flutter source-code artifacts using predefined
code templates and architectural rules. Clean Architecture
provides the structural organization of the generated
application, while the Mediator and Strategy patterns define
specific relationships among generated components. The
Mediator mechanism is used to coordinate communication

Generate the corresponding
functional-module source
structure, including its
controller, using the predefined
architectural templates

responsibilities  are
organized according
to the predefined
Clean  Architecture
structure

Functional page
or module
definition

Interaction Route cross-module

involving communication through the | Mediator-based
different generated Mediator component | inter-module
functional rather than generating direct | coordination
modules module-to-module references
REST API data- | Gnerate the API-specific data- Strategy-based

. provider implementation .
provider behind the common data- representation of
configuration REST API access

provider abstraction

Generate the SQLite-specific
data-provider implementation
behind the same data-provider
abstraction

SQLite data-
provider
configuration

Strategy-based
representation of
SQLite access

In this study, architecture-aware generation refers to a
code-generation process in which predefined architectural rules
are applied during the transformation from the JSON
specification to source-code artifacts, rather than generating
only syntactic scaffolding. Architectural enforcement refers to
the generation-time instantiation of these selected rules in the
produced source structure, so that the corresponding
architectural decisions are not left entirely to post-generation
developer implementation. Architectural conformance is
operationally defined as the observable agreement between the
generated artifacts and the specific architectural rules evaluated
in this study, namely the predefined module organization,
Mediator-based routing of the evaluated cross-module
interaction, and Strategy-based representation of REST API
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and SQLite data providers. This definition is limited to the
inspected architectural relationships and does not constitute
formal verification of all Clean Architecture dependency
constraints.

These rules distinguish the proposed framework from
conventional scaffolding that primarily generates repetitive
project artifacts. In the proposed approach, the generator also
determines selected architectural relationships during source-
code generation. Consequently, module organization, cross-
module communication, and data-provider variation are
instantiated according to predefined architectural rules rather
than being left entirely to post-generation manual
implementation.

D. Code Generation Workflow

Fig. 2 summarizes the specification-to-code generation and
validation workflow. The code-generation process begins when
the Clean Code Generator receives a JSON configuration
produced by the CleanApp Builder.

Produces the application specification

‘ CleanApp Builder }
</>

D JSON Conflguratlon l
{} Defines application name, first page,
JSON data source, and module definitions

'

‘ Clean Code Generator
‘ Processes the JSON specification using
predefined code templates aligned with

Clean Architecture and Behavioral
Design Patterns

B

Generated Flutter Source Code J

Saved in the generated/ directory

7771

Operatmnal Validation
1. Run the generated
application on an
Android emulator or
physrcal device
2. Compare legacy and

\ 2. Build Android APK |
’ using | generated UML and
flutter build apk evaluate Clean Architecture|
| and Behavioral Design
L Pattern implementation
\ J
B A —

...............................

’

Architectural Evaluation

= = N

1. Inspect generated
project structure and
architectural

relationships

.

The evaluation is performed for low-, medium-,
and high-complexity JSON scenarios

a2t

Evaluation Scope }

Fig. 2. Workflow of the specification-to-code generation and validation
process.

The framework first reads the application-level
configuration and identifies the pages, navigation routes,
functional modules, and data-provider requirements defined in
the specification. The corresponding source-code templates are
then selected and used to generate the required Flutter project
artifacts. During this process, the predefined architectural
structures  for  Clean  Architecture, Mediator-based
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communication, and Strategy-based data access are
incorporated into the generated source code.

After generation, the resulting files are organized into a
standalone Flutter project. The generated project is
subsequently executed in the development environment or on
an Android device to verify that the application can run
successfully. Finally, the project is built into an Android APK
and its source-code structure is inspected for architectural
evaluation. This workflow therefore covers the complete
process from declarative application specification to generated,
executable, and structurally evaluated Flutter application.

E. Experimental Design and Environment

The framework was evaluated using three JSON-based
application specifications representing increasing levels of
functional complexity. The low-complexity scenario contained
one functional module implementing a registration form. The
medium-complexity scenario contained two functional
modules, Setting and User. The high-complexity scenario
incorporated all functional modules available in the evaluated
framework configuration. These three scenarios were selected
to examine whether the same generation mechanism could
process application specifications with different numbers of
functional components while preserving the intended project
structure.

Table IV summarizes the evaluated scenarios, including
their relative configuration scale, number of functional
modules, and functional scope.

TABLEIV. EXPERIMENTAL SCENARIOS
Scenario Scenario Scale Modules Functional Scope
S1 Low 1 Registration
S2 Medium 2 Setting and User
Login, E-commerce List, E-
. commerce Square, Note,
83 High 8 Onboarding, Register,
Settings, and User

The experiments were conducted from August 2024 to June
2025. The primary development machine was equipped with
an 11th-generation Intel Core i5 processor, 16 GB of RAM,
and a 512 GB SSD. The software environment consisted of
Flutter Software Development Kit (SDK) 3.24.5, Dart SDK
3.5.4, Android Studio Jellyfish 2023.3.1, and Visual Studio
Code. The generated applications were additionally validated
using two Android devices: one device equipped with an
Exynos 9611 chipset, 4 GB of RAM, and Android 10, and
another equipped with a MediaTek Dimensity 700 chipset, 8
GB of RAM, and Android 13.

In this experiment, the terms low, medium, and high
complexity are used as descriptive scenario labels reflecting the
increasing number of functional modules and the relative
richness of the corresponding JSON specifications. They
should not be interpreted as formal measurements of software
complexity, dependency density, interaction complexity,
generated-code volume, architectural depth, or cyclomatic
complexity. The three scenarios were selected to examine
whether the same generation mechanism could process
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specifications with different numbers of functional components
while preserving the intended project structure.

F. Evaluation Procedure

The evaluation consisted of two complementary stages:
operational validation and structural architectural evaluation.
Operational validation examined whether each JSON
specification could be successfully processed into Flutter
source code, whether the generated project contained the
expected directory and source-code structure, whether the
application could be executed on the experimental
environment, and whether an Android APK could be
successfully built. Generation time, APK build time, and APK
size were recorded as descriptive operational characteristics.

Structural architectural evaluation examined whether the
generated source code exhibited the intended architectural
relationships. The generated application structure was
represented using UML class diagrams and compared with the
available legacy application architecture. The comparison
focused on direct relationships between functional modules and
on whether the generated application routed cross-module
communication through the Mediator component. The
generated Strategy structure was also inspected to verify the
representation of REST API and SQLite data-provider
implementations through a common abstraction.

For the structural comparison, a direct functional-module
dependency was counted when a class belonging to one
functional module directly referenced a class belonging to
another functional module without an intermediary
architectural abstraction. Dependencies routed through the
generated Mediator abstraction were treated as mediated
relationships and were therefore not counted as direct
functional-module  dependencies. The comparison was
restricted to the evaluated Login—Register interaction for which
corresponding structural evidence was available in both the
legacy and generated architectures.

Accordingly, the structural evaluation focuses on
architectural relationships that can be directly inspected from
the available generated and legacy artifacts. The evaluation
does not attempt to provide a comprehensive quantitative
assessment of software maintainability or overall architectural
quality.

IV. RESULTS AND DISCUSSION

A. Framework Validation

The operational validation was conducted using three
application-generation scenarios with different levels of
functional complexity. The scenarios consisted of low-
complexity applications with a single module, medium-
complexity applications with two modules, and high-
complexity applications containing all available functional
modules. For each scenario, the framework was required to
successfully generate source code and produce a buildable
Flutter application.

Operational success in this evaluation indicates that the
generated projects could be produced, executed, and built
successfully under the tested configurations. However,
successful execution and APK construction do not by

Vol. 17, No. 9, 2026

themselves establish functional correctness with respect to
every behavioral requirement represented in the JSON
specifications. A systematic  requirements-to-behavior
verification was outside the scope of the present evaluation.

TABLE V. FRAMEWORK VALIDATION
. Code Application .
Complexity | Modules Generation Execution APK Build
Low 1 Successful Successful Successful
Medium 2 Successful Successful Successful
High 8 Successful Successful Successful

Table V summarizes the operational validation results. All
three evaluated specifications were successfully generated,
executed, and built into Android APKs. Because each scenario
was evaluated once, these observations demonstrate
operational feasibility within the tested configurations rather
than a generalized reliability rate.

B. Structural Comparison of Legacy and Generated
Architectures

The legacy and generated application structures were
compared to examine differences in direct functional-module
relationships after the introduction of mediator-based
coordination. The comparison focuses on the evaluated Login—
Register interaction, for which corresponding structural
evidence is available in both architectures.

TABLE VI.  STRUCTURAL COMPARISON OF THE EVALUATED LEGACY AND
GENERATED INTERACTION
. Generated
Structural Aspect Legacy Architecture Architecture

Login «  Register

Evaluated interaction through Mediator

Login < Register

Direct functional-

module dependencies 2 directed relationships

0 direct relationships

Inter-module Direct cross-module | Mediator-based
coordination references coordination
. . Dir referen
Architectural Modules directly ect clerences
. . replaced by mediated
interpretation reference one another L
communication

Table VI summarizes the structural comparison of the
evaluated Login—Register interaction. In the legacy
architecture, two directed cross-module relationships were
observed between the corresponding components. In the
generated architecture, no direct Login—Register relationship
was observed because the interaction is routed through the
Mediator component. Thus, the direct functional-module
dependency count decreases from two to zero for this evaluated
interaction. This result provides structural evidence of reduced
direct coupling, although the generated modules remain
dependent on the Mediator abstraction.

TABLE VII. OPERATIONAL MEASUREMENTS
. Generation . . APK Size
Complexity | Modules Time (ms) Build Time (s) (MB)
Low 1 1,311 383 49.0
Medium 2 1,351 302.5 49.8
High 8 1,474 249.7 65.8
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Table VII presents the descriptive operational
measurements of the three evaluated specifications. Generation
time increased from 1,311 ms for the single-module
specification to 1,474 ms for the eight-module specification.
APK size increased from 49.0 MB to 65.8 MB across the same
configurations. In contrast, build time did not exhibit a
monotonic relationship with the number of modules, with
recorded values of 38.3 s, 302.5 s, and 249.7 s. Because each
specification was evaluated once, these measurements are
reported descriptively and are not interpreted as statistically
validated evidence of runtime or build scalability.

The non-monotonic build-time pattern cannot be attributed
to configuration scale from the present measurements alone.
Potential contributing factors may include build-system state,
dependency resolution, incremental-build or caching
conditions, and background execution variability. Because
these factors were not independently controlled or recorded
during the experiment, the observed differences are treated as
descriptive tooling and execution variability rather than
evidence of a systematic relationship between module count
and build time. Repeated measurements under controlled build
conditions are required to distinguish these effects.
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Fig. 3. UML diagram illustrating the mediator pattern implementation.
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C. Implementation of Mediator Pattern

Fig. 3 illustrates the Mediator structure generated by the
framework. In the evaluated generated architecture, the inter-
module interaction represented in the structural comparison is
coordinated through the Mediator component rather than
through the direct Login—Register references observed in the
legacy architecture.

The generated Mediator structure routes the evaluated inter-
module interactions through a common coordination
mechanism rather than through direct cross-module references.
This organization reduces explicit relationships between the
participating functional modules and may limit change
propagation caused by direct references. However, the actual
maintenance effort required to modify or extend the generated
modules was not measured in the present study.

D. Implementation of Strategy Pattern

Fig. 4 illustrates the Strategy structure generated by the
framework. The structure represents REST API and SQLite
implementations through a common data-provider abstraction.

register I
RegisterController
«interfaces «interfaces
_IRegisterDataProviderStrategy _IRegisterProxy
Sl
v A
_RegisterApiStrategy \‘_"‘egwslerCon!ex[ ’ Ty _RegisterProxy
.-:—'f /\
_RegisterReal _RegisterSglite Strategy _RegisterView
____) -

Fig. 4. UML diagram illustrating the strategy pattern implementation.

This organization separates provider-specific behavior from
controller-facing logic and structurally supports provider
substitution or extension. However, the experiment did not
include a controlled change task measuring the files, source-
code modifications, or developer effort required to introduce an
additional provider. Therefore, the result is interpreted as
structural support for extensibility rather than quantitative
evidence of reduced maintenance effort.

E. Discussion

The evaluation provides complementary evidence
concerning operational feasibility and architectural structure.
Operationally, the proposed framework successfully generated,
executed, and built Flutter applications from all three tested
JSON specifications, covering one-, two-, and eight-module
configurations. These results indicate that the generation
mechanism can operate across the evaluated levels of
functional complexity. Nevertheless, the limited number of
specifications means that the findings demonstrate feasibility
within the tested configuration space rather than general
reliability across arbitrary Flutter applications.
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The comparison between the legacy and generated
architectures provides additional evidence regarding inter-
module dependency management. In the evaluated Login—
Register interaction, the legacy architecture contains two direct
cross-module relationships, whereas the generated architecture
replaces these direct relationships with communication through
the Mediator component. Accordingly, the direct functional-
module dependency count decreases from two to zero for this
evaluated interaction. This result supports the intended role of
the Mediator generation rule in reducing direct relationships
among functional modules. However, the mediator remains an
architectural dependency and may itself become a coordination
point as the number and complexity of module interactions
increase.

The Strategy implementation provides complementary
structural support for variation in data-access behavior. REST
API and SQLite implementations are represented through a
common provider abstraction, allowing provider-specific
behavior to remain separated from controller-facing logic. This
demonstrates that the generator can systematically encode
alternative data-access mechanisms within the generated
architecture. Nevertheless, no controlled change-impact
experiment was performed to quantify the effort required to
introduce an additional provider. Therefore, the current
evidence supports architectural extensibility at the structural
level but does not establish a quantitative reduction in
maintenance effort.

The results should also be interpreted within the limitations
of the selected evaluation evidence. Direct functional-module
relationships and UML-based architectural inspection capture
observable aspects of dependency organization and generated
structure, but they do not represent all dimensions of software
quality. Maintainability, scalability, and testability are
multidimensional properties that may also depend on source-
code complexity, test coverage, runtime behavior, developer
comprehension, defect history, and long-term evolution.
Accordingly, the present study limits its conclusions to the
architectural relationships and operational behavior directly
supported by the evaluated artifacts.

A direct empirical benchmark against external Flutter code
generators was not conducted because the reviewed approaches
differ in functional scope, input representation, architectural
objectives, and availability of comparable implementations.
For this reason, existing approaches are compared at the
capability level in the Related Work section, while the
empirical architectural comparison uses the available legacy
application as an internal baseline. A controlled benchmark
using functionally equivalent application specifications and

reproducible external generators remains an important
direction for future work.
Overall, the findings indicate that the proposed

architecture-aware generation approach can transform the
evaluated JSON specifications into executable Flutter
applications while applying predefined rules for module
organization, mediator-based communication, and strategy-
based data access. The evidence supports architectural
conformance and controlled direct coupling in the evaluated
cases, but broader claims regarding long-term maintainability,
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large-scale scalability, and developer productivity require
additional longitudinal and comparative experiments.

V. THREATS TO VALIDITY

The study does not report comprehensive quantitative
source-code quality or architectural metrics, such as coupling
measures, dependency-violation counts, cyclomatic
complexity, generated lines of code, or class-level structural
metrics. Accordingly, the reported structural evidence should
be interpreted as targeted architectural inspection rather than as
a comprehensive quantitative assessment of generated-code
quality. Future evaluations should incorporate reproducibly
defined source-code and architecture metrics alongside
structural inspection. This study has several limitations that
should be considered when interpreting the results.

A. Internal Validity

The generated applications depend on predefined templates
and architectural generation rules. Consequently, defects or
biases in these templates may influence the resulting
architectural structures. To reduce this threat, the same
generator, JSON configuration mechanism, software
environment, and evaluation procedure were applied to all
three experimental scenarios. The generated outputs and UML
structures were also inspected to verify that the intended
Mediator and Strategy relationships were present.

B. Construct Validity

The structural evaluation focuses on directly observable
architectural relationships, including direct functional-module
dependencies and the representation of Mediator- and Strategy-
based structures. These observations capture selected aspects of
architectural organization but do not directly measure broader
software-quality attributes such as maintainability, scalability,
testability, developer comprehension, or maintenance cost.
Likewise, generation time, build time, and APK size are
operational characteristics rather than direct measures of these
quality attributes. Therefore, the findings are interpreted as
evidence of operational feasibility and structural architectural
conformance within the evaluated scenarios.

C. Conclusion Validity

The evaluation involved three application specifications,
and each scenario was executed once. Consequently, the
reported generation and build results are descriptive
observations rather than statistical estimates of framework
reliability or performance. No claim of statistical superiority
over other code generators is made. The three specifications
were selected to represent increasing functional complexity
rather than to constitute a statistically representative sample of
Flutter applications.

D. External Validity

The experiments were limited to Flutter applications
generated from the supported JSON schema, predefined
templates, and eight available functional modules. Applications
requiring highly customized state management, platform-
specific integrations, or architectural relationships outside the
supported abstractions may require additional manual
implementation. Therefore, the findings should be generalized
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only to application structures that fall within the current
framework configuration.

In practical terms, the current framework is most applicable
to modular Flutter applications whose pages, routes, functional
modules, and data-provider requirements can be represented by
the supported JSON schema. Projects requiring highly
customized architectural structures may require extensions to
the schema or generation templates. Therefore, industrial
adoption should also consider template customization and
integration with manually maintained source code.

VI. CONCLUSION

This study proposed an architecture-aware Flutter code
generation framework that transforms JSON-based application
specifications into modular source code while systematically
applying Clean Architecture, Mediator, and Strategy rules. The
primary contribution is not the isolated use of these established
architectural concepts, but their encoding as repeatable
specification-to-code generation rules that are instantiated in
the evaluated generated application structures.

The framework successfully generated, executed, and built
all three evaluated application specifications containing one,
two, and eight functional modules. In the structural
comparison, the two direct Login—Register relationships
observed in the legacy architecture were replaced by mediator-
based communication in the generated architecture, resulting in
no direct Login—Register relationship for the evaluated
interaction. The generated Strategy structure also represented
REST API and SQLite data providers through a common
abstraction, demonstrating that the intended data-provider
variation was incorporated into the generated architecture.

These findings should be interpreted within the scope of the
experiment. The evaluation was limited to three predefined
specifications, template-generated Flutter applications, selected
architectural relationships, and single executions of each
scenario. Therefore, the results do not constitute general proof
of long-term maintainability, unlimited scalability, or
superiority over other Flutter code generators.

Future work should evaluate larger industrial applications,
perform repeated performance experiments, compare the
framework with functionally equivalent and reproducible
generators, conduct controlled maintenance and change-impact
studies, and assess developer effort and comprehension.
Additional work may also extend the JSON specification and
generation templates to support further architectural and
behavioral design patterns.

More broadly, architecture-aware code generation provides
a practical direction for transforming architectural decisions
from developer-dependent guidelines into explicit and
repeatable software-construction rules.
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