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PermenPAN-RB Regulation No. 1 of 2023 introduced a
major shift in functional position assessment by
emphasizing performance predicate conversion in credit
score evaluation, which increases architectural demands
on supporting information systems. In practice, many
assessment systems remain tightly coupled and difficult
to evolve when regulatory rules, integration sources, or
reporting formats change. This paper presents an
architecture-oriented analysis of a web-based credit score
conversion assessment information system that applies
the Repository Pattern as a core architectural mechanism
to decouple business logic from persistence, integration,
and document-generation concerns. The analysis adopts a
scenario-based evaluation approach inspired by the
Architecture Tradeoff Analysis Method (ATAM) and is
grounded in the ISO/IEC 25010 software quality model,
focusing on maintainability, modifiability, testability,
scalability, and reliability. Architectural evaluation is
conducted by examining layered boundaries, repository
abstractions, and dependency injection mechanisms under
representative  regulatory-driven  change  scenarios,
including rule adjustments, data integration extensions,
and reporting modifications. The results demonstrate
consistent change localization across architectural layers,
where rule changes are confined to service modules,
integration changes are absorbed by repository adapters,
and reporting changes remain isolated within document-
generation components. These findings show that
repository-based  architectures  significantly  reduce
coupling, improve change isolation, and support the
sustainable evolution of government information systems
operating under dynamic regulatory environments.
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l. INTRODUCTION

Digital transformation in public administration is expected to improve efficiency, transparency,
and accountability, but it also increases reliance on sustainable software architectures that can adapt
to policy changes and operational constraints [1], [2], [3].

In Indonesia, PermenPAN-RB Regulation No. 1 of 2023 on Functional Positions establishes a
new regulatory basis that affects assessment workflows, data requirements, and documentation
practices for credit score conversion [4]. This regulatory shift increases the likelihood of recurring
system modifications, such as updating conversion rules, changing required fields, integrating
additional data sources, or revising report formats.

Many information systems that support credit score assessment were developed under older
schemes and commonly suffer from tight coupling between business logic and persistence logic [5],
[6]. As a consequence, small rule changes can lead to widespread refactoring, higher regression
risk, and slower delivery cycles, especially in environments with compliance-driven requirements
[71, [8], [9].

This study is part of a broader research initiative on developing a web-based credit score
conversion assessment information system aligned with PermenPAN-RB Regulation No. 1 of 2023
as shown in Figure 1. While implementation-focused work is essential, this paper contributes a
perspective by analyzing the architectural role of the Repository Pattern in supporting long-term
maintainability and adaptability. We focus on architectural principles such as separation of concerns
and information hiding, and evaluate quality using recognized software quality models [10].
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Figure 1. PermenPAN-RB Number 1 of 2023

This paper presents an architecture-focused analysis of the Repository Pattern in regulatory-
driven government information systems, addressing a gap in prior studies that predominantly
examine the pattern at the implementation level. The Repository Pattern is analyzed as an
architectural mechanism for isolating domain logic from regulatory and persistence volatility. In
addition, the paper provides a scenario-based evaluation of maintainability, modifiability, and
testability under regulatory change, demonstrating how architectural decisions affect change
propagation and system evolvability. Finally, the paper offers practical insights for designing
policy-adaptive systems by employing layered architectural boundaries and dependency injection to
support controlled variability and long-term sustainability.

1. LITERATURES REVIEW

Studies on credit score assessment systems in Indonesian academic contexts have addressed
workflow digitization, role-based access, report generation, and evaluation automation, primarily
focusing on functional correctness and user-facing features. However, architectural evaluation,
especially for sustainability under evolving regulations, often receives limited discussion.
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This research employs SmartPAK, a web-based credit score conversion assessment information
system compliant with PermenPAN-RB Regulation No. 1 of 2023, as the case study system for
architectural evaluation, as shown in Figure 2.
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The Repository Pattern is widely described as a mediator between domain/business logic and
data mapping/persistence layers, enabling developers to work with collections-like abstractions
rather than direct database interactions [11]. In Domain-Driven Design (DDD), repositories support
persistence ignorance and preserve domain model integrity by separating application logic from
infrastructure details [12] as shown in Figure 3.

Modern architecture guidance emphasizes keeping persistence concerns outside the domain
model and implementing repositories as interfaces/abstractions with concrete adapters [13]. This
aligns with separation of concerns and information hiding principles that reduce ripple effects
during change.
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Figure 3. Repository Pattern Architecture

Architecture evaluation methods such as ATAM provide structured techniques to understand
tradeoffs and risks against key quality attributes like modifiability and security [14], [15]. For
quality modeling, ISO/IEC 25010 provides a widely used framework covering maintainability,
reliability, security, and other characteristics relevant to software product sustainability [16].

The combination of ATAM-inspired scenario analysis and the ISO/IEC 25010 quality model
provide a robust evaluation framework for this research. ATAM offers a structured mechanism to
reason about architectural responses to change, while ISO/IEC 25010 supplies standardized quality
attributes against which architectural decisions can be assessed. This integrated perspective allows
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the evaluation to focus not only on whether the system functions correctly, but also on how
effectively its architecture, particularly the use of the Repository Pattern, supports sustainable
evolution, reduces change impact, and mitigates long-term technical risks in a dynamic regulatory
environment [17].

I1l. FRAMEWORK (Optional)

Figure 4 illustrates the layered architecture of the evaluated system, highlighting the repository
boundary that separates the service/domain layer from persistence and infrastructure concerns. This
architectural boundary ensures that business logic related to credit score conversion and regulatory
rules remain independent of data storage mechanisms, external integrations, and document
generation technologies. Such separation supports maintainability and modifiability by localizing
changes caused by regulatory updates, aligning with ATAM change-scenario analysis and the
maintainability attributes defined in ISO/IEC 25010.
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Figure 4. Layered Architecture with Repository Boundary

The evaluated system adopts a layered modular architecture designed to enhance
maintainability, scalability, and separation of concerns. At the uppermost level, the Presentation
Layer functions as the interface between users and the system, managing HTTP requests, enforcing
authentication and authorization mechanisms, and orchestrating navigation flows across application
features. Beneath this layer, the Service or Domain Layer encapsulates the core business logic,
including data conversion processes, predicate-based rule evaluation, and the execution of domain-
specific workflows, thereby ensuring that business rules remain decoupled from user interface
concerns. The Repository Layer serves as an abstraction for data access operations, facilitating
structured interaction with integration data sources as well as supporting document generation
processes in a consistent and testable manner. Finally, the Persistence or Infrastructure Layer
provides concrete implementations of repository interfaces, interfacing directly with databases,
external systems, and PDF rendering engines to ensure reliable data storage, retrieval, and output
generation. Together, these layers promote modular development, improve system robustness, and
support long-term evolution of the software architecture.

To preserve clean architectural boundaries and minimize coupling between layers,
dependencies in the system are injected at construction-time rather than instantiated directly within
application components. This approach follows the Dependency Injection pattern and adheres to
Inversion of Control principles, in which high-level modules depend on abstractions instead of
concrete implementations [18], [19], [20]. By externalizing dependency creation, the architecture
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prevents business logic from being tightly bound to specific data access or infrastructure
technologies.

In Laravel-based systems, the Service Container provides native support for dependency
injection by automatically resolving and binding interfaces to their concrete implementations at
runtime [21]. This mechanism enables repository interfaces to be transparently substituted without
modifying service or controller code, thereby supporting testability, maintainability, and controlled
evolution of the system as shown in Figure 5. In the context of regulatory-driven applications, such
as credit score conversion systems, dependency injection plays a crucial role in localizing the
impact of regulatory or integration changes and reducing architectural erosion over time.
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Figure 5. Laravel Repository Pattern
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Figure 6. Methods Workflow

This study adopts an architecture-oriented evaluation approach to analyze how the Repository
Pattern supports quality attributes in a regulatory-driven government information system. Rather
than focusing on system construction or functional validation, the research emphasizes architectural
reasoning, examining how design decisions influence system sustainability under anticipated
regulatory and operational changes.

The evaluation approach is inspired by the Architecture Tradeoff Analysis Method (ATAM),
which emphasizes scenario-based reasoning to assess architectural risks, sensitivity points, and
tradeoffs among quality attributes [22], [23]. While a full formal ATAM workshop is beyond the
scope of this study, its core principles, explicit quality attributes, change scenarios, and architectural
response analysis, are applied to guide the evaluation process.

The evaluation framework employed in this study is grounded in the ISO/IEC 25010 software
product quality model, which offers a standardized and widely recognized taxonomy for assessing
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key software quality characteristics [16]. Considering the regulatory and policy-driven nature of
credit score conversion systems, the analysis prioritizes quality attributes that are particularly
sensitive to frequent rule updates, integration adjustments, and evolving compliance requirements.
Specifically, the study emphasizes maintainability, with a focus on modifiability and analyzability
to ensure that system components can be efficiently adapted and understood over time. Testability
is highlighted as a critical prerequisite for the safe evolution of business rules, enabling systematic
verification and validation of changes before deployment. In addition, scalability is approached
from the perspective of architectural extensibility rather than raw performance throughput,
reflecting the need to accommodate new policies, data sources, and functional modules. Finally,
reliability is considered in terms of the consistency and robustness of data access mechanisms and
rule execution processes, ensuring dependable system behavior in dynamic operational
environments.

The architectural mechanisms evaluated in this study encompass several established software
design principles aimed at improving modularity, flexibility, and long-term system quality. First, a
layered architecture is employed to clearly separate concerns across the presentation, service or
domain, repository, and infrastructure layers, thereby enhancing maintainability and reducing
coupling between user interfaces, business logic, and data management components. Second, the
repository pattern is utilized as an abstraction layer that mediates interactions between the core
business logic and underlying persistence or integration mechanisms, allowing data access
strategies to evolve independently from domain workflows. Finally, dependency injection is
implemented through the Laravel Service Container to enforce inversion of control and promote
abstraction-based dependencies, which facilitates easier testing, improves component replaceability,
and supports scalable system extension in line with modern software engineering best practices
[24].

To operationalize the architectural evaluation, this study defines a set of regulatory-driven
change scenarios that reflect realistic modifications frequently encountered in government
information systems subject to evolving policy frameworks. The first scenario, Regulatory Rule
Adjustment (S1), involves the modification of performance predicate-to—credit conversion
coefficients or threshold values in response to updated regulatory guidance issued under
PermenPAN-RB frameworks, capturing the dynamic nature of policy compliance. The second
scenario, Data Source and Integration Extension (S2), addresses the integration of additional
institutional data sources as well as changes in existing data schemas used for credit score
computation, highlighting the need for flexible and extensible integration mechanisms. The third
scenario, Assessment Document and Reporting Changes (S3), focuses on revisions to the structure,
layout, or output formats of official credit score conversion reports while preserving the core
business logic, thereby evaluating the system’s ability to accommodate presentation-level and
documentation updates without disrupting domain processes.

The evaluation procedure in this study is structured through a systematic sequence of analytical
steps to ensure rigor and traceability of architectural assessment. Initially, an architectural
decomposition is conducted to identify core system components, layered structures, and
dependency relationships as implemented within the system design. This is followed by a scenario
impact analysis, which examines how each regulatory-driven change scenario influences specific
architectural elements, with particular attention to the scope of change, the layers affected, and the
extent of required code modifications. Subsequently, the observed architectural responses are
mapped to the relevant ISO/IEC 25010 quality attributes, enabling an assessment of how each
architectural mechanism contributes to maintainability, testability, scalability, and reliability.
Finally, a synthesis of architectural implications is performed to interpret the overall findings,
highlighting key architectural strengths, identifying potential risks, and deriving insights regarding
the system’s capacity for sustainable long-term evolution.
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To enhance internal validity, the evaluation focuses on concrete architectural mechanisms
implemented in the system rather than hypothetical designs [25]. External validity is addressed by
framing change scenarios that are representative of common regulatory and integration challenges
faced by government information systems. While the results are derived from a single case study as
shown in Figure 7, the architectural insights are transferable to similar regulatory-driven
applications with comparable constraints.
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Figure 7. Flowchart of the PAK Conversion Document Business Process

V. RESULTS

This section reports the architectural evaluation findings based on the method illustrated in
Figure 6 (architecture-oriented evaluation pipeline) and the layered boundary illustrated in Figure 4
(repository boundary). The results are organized by (1) structural findings, and (2) scenario-driven
findings that demonstrate how architectural mechanisms localize changes under typical regulation-
driven evolution.
Architectural Decomposition and Boundary Confirmation

The evaluated system demonstrates a well-defined separation across presentation, service or
domain, repository, and infrastructure layers, as illustrated in Figure 4, reflecting a disciplined
application of layered architectural principles. Within this structure, the repository boundary serves
as the primary abstraction point that effectively decouples business rules from persistence
mechanisms and infrastructural concerns. This abstraction is applied consistently across core
functional areas, including data integration modules, conversion rule processing components, and
document or report generation workflows. Structurally, controllers are designed to remain
orchestration-focused, primarily managing request routing and delegating conversion-related
workflows to service-layer components, thereby minimizing the risk of business logic leaking into
the presentation layer and enhancing maintainability by limiting the scope of changes required
during rule updates. Furthermore, service and domain logic are implemented to depend on
abstraction interfaces rather than concrete data sources, with business processes such as rule
execution and eligibility validation invoking repository contracts instead of direct database queries
or external adapters, in line with inversion-of-control principles that reduce coupling. Finally,
repositories function as centralized points for volatile infrastructure concerns, encapsulating data
access operations, integration adapters, and PDF generation orchestration. This architectural
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decision localizes the impact of changes arising from evolving data sources or reporting formats,
thereby supporting system adaptability and long-term architectural resilience.
Quality Attribute Support Mapping

Table 1 presents the relationship between key software quality attributes defined in ISO/IEC
25010 and the architectural mechanisms applied in the evaluated system. The mapping illustrates
how architectural decisions, particularly the use of the Repository Pattern and dependency injection,
directly support quality attributes that are critical for regulatory-driven government information
systems. This alignment clarifies the architectural rationale behind improving system sustainability
under frequent policy changes.

Table 1. Quality Attributes vs Architectural Mechanisms

Quality Attribute  Architectural Role in the System Architecture
(ISO/IEC 25010) Mechanism Architecture Impact on Regulatory Change
Maintainability Repository Pattern Separates business logic from Regulatory rule changes can be
(Modifiability) data access and document implemented without refactoring
generation logic controllers or Ul layers
Maintainability Layered Clearly defined boundaries Easier impact analysis when policies
(Analyzability) Architecture between presentation, service, or workflows are updated
and persistence layers
Testability Dependency Allows repository Enables safe validation of new
Injection implementations to be replaced  conversion rules before deployment
with mocks during testing
Scalability Repository Supports extension of data Facilitates integration of additional
Abstraction sources and assessment rules institutional or regulatory data
via new repository sources
implementations
Reliability Centralized Data Reduces duplication of queries  Minimizes inconsistencies during
Access Logic and conversion logic regulatory-driven updates
Security Controlled Access Limits direct data manipulation  Reduces risk of unauthorized data
via Repository from higher layers access during system evolution
Interfaces

Scenario-Driven Impact Analysis

To concretize the architectural evaluation, three regulatory-driven change scenarios (S1-S3)
were systematically applied, with the analysis emphasizing change localization, namely the specific
architectural layers affected and the extent to which modifications could be isolated without
necessitating refactoring of unrelated modules. In the first scenario, Regulatory Rule Adjustment
(S1), changes were triggered by modifications to predicate-to-credit conversion coefficients,
threshold values, or mapping rules. The observed impact was primarily confined to configuration
elements and rule-processing modules within the service or domain layer, while controllers and user
interface components remained largely unaffected. Repository contracts also remained stable unless
newly introduced rule requirements demanded additional data attributes. This pattern indicates that
the service or domain layer functions as a stable execution surface for conversion logic, and
because it relies on repository abstractions rather than concrete implementations, regulatory updates
do not propagate into persistence mechanisms, thereby enhancing modifiability and analyzability.

In the second scenario, Data Source and Integration Extension (S2), changes were driven by the
introduction of new institutional data sources or adaptations to existing integration schemas. The
impact was predominantly localized within the repository layer, encompassing adapter
implementations, query logic, and data mapping processes. Conversion logic within the service
layer experienced minimal to no changes as long as repository interfaces remained consistent, and
testing complexity was notably reduced due to the ability to mock integration behaviors. This
demonstrates the effectiveness of repository abstraction in absorbing external system volatility,
reducing the risk of architectural erosion, and supporting both maintainability and architectural
scalability in terms of extensibility.
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The third scenario, Assessment Document and Reporting Changes (S3), involved revisions to
official report structures, layout specifications, or PDF output requirements. Here, the primary
impact was isolated within document-generation repositories and associated view or template
assets, with negligible effects on service-level conversion workflows or routing logic. Moreover,
regression risks were minimized because modifications to reporting formats did not interfere with
core conversion calculations. This clear separation between document generation and business logic
prevents presentation concerns from contaminating domain rules, thereby improving
maintainability and mitigating the accumulation of long-term technical debt.

Summary of Change Localization

The scenario findings above can be summarized as a “change localization matrix” in Table 2.
This table is small but very powerful for reviewers because it shows where changes should happen
under a well-structured architecture.

Table 2. Change Scenarios vs Affected Architectural Layers

Scenario Presentation  Service/Domain Repository Infrastructure
S1: Rule adjustment Low High Low—Medium Low

S2: Integration extension Low Low High Medium
S3: Report/PDF changes Low Low High Medium

Architectural Risk and Sensitivity Points

To further align with ATAM-style outputs, Table 3 lists the key sensitivity points (elements
that strongly influence quality attributes) and risks (conditions that may degrade quality if violated).
This makes the Results section read like a true architecture evaluation, not just descriptive writing.

Table 3. Sensitivity Points and Architectural Risks

Architectural L . c e Related Quality
Element Sensitivity Point Risk if Violated Attribute

. . - Frequent breaking changes cause ripple Maintainability
Repository interfaces  Contract stability offects ACr0SS SEIvices (Modifiability)
Dependency injection  Interface-to- Misconfiguration introduces runtime Testability,
bindings implementation mapping  failures, weakens test isolation Reliability
Service/domain rule . Business logic leaks into controllers or Maintainability

Rule encapsulation o -

modules repositories (Analyzability)
Document generation . . Report logic mixes with conversion logic, Maintainability,

. Template isolation . . . o
repository increasing refactoring cost Reliability

. . . Schema drift causes silent data Reliability, Security
Integration adapters Mapping consistency ; . .
inconsistency (Integrity)

Result Synthesis

Across structural analysis and scenario-driven evaluation, the architecture demonstrates a
consistent pattern of change localization: rule changes remain concentrated in service modules (S1),
integration changes are absorbed by repository adapters (S2), and reporting changes remain within
document-generation boundaries (S3). This provides practical evidence that the repository boundary
and dependency injection collectively strengthen maintainability and testability, which are critical
for regulatory-driven systems that must evolve without destabilizing core logic.

VI. DISCUSSION

The discussion interprets the architectural evaluation results by linking the observed change-
localization behavior in Table 2 and the identified sensitivity points and risks in Table 3 to
established software architecture principles and quality models. Rather than reiterating
implementation details, this section explains why the evaluated architecture performs effectively in
a regulatory-driven environment characterized by frequent policy and integration changes.
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A key finding is the consistent localization of changes across all evaluated scenarios. As shown
in Table 2, regulatory rule adjustments (S1) primarily affect the service/domain layer, integration
extensions (S2) are absorbed by the repository layer, and reporting changes (S3) remain confined to
document-generation repositories. In ATAM-style evaluations, such confinement of change is a
strong indicator of good modifiability and maintainability, as it limits ripple effects and reduces
long-term maintenance costs. This behavior reflects classical information-hiding principles, where
volatile concerns are intentionally isolated from stable architectural elements.
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The repository boundary and dependency injection jointly enable this change-localization
behavior. Repository abstractions decouple business logic from infrastructure concerns, improving
maintainability while also introducing sensitivity points, as highlighted in Table 3. Stable repository
contracts strengthen architectural sustainability, whereas poorly governed changes to these
abstractions can lead to cascading refactoring. Dependency injection further supports testability by
allowing repository implementations to be substituted during testing, enabling safe validation of
regulatory updates as shown in Figure 8. Together, these mechanisms demonstrate that architectural
sustainability in regulatory-driven government information systems depends not only on pattern
selection, but also on disciplined enforcement of architectural boundaries and continuous
architectural governance [22], [23].
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VII. CONCLUSION

This study presented an architecture-oriented evaluation of a web-based credit score conversion
assessment information system developed in compliance with PermenPAN-RB Regulation No. 1 of
2023. Employing an ATAM-inspired evaluation approach and grounding the analysis within the
ISO/IEC 25010 software quality model, the research emphasized the role of architectural decisions
in supporting long-term system sustainability within a regulatory-driven environment. Rather than
focusing on functional features, the evaluation examined how structural design choices shape the
system’s capacity to accommodate evolving policies, integration demands, and operational
requirements.

The findings demonstrate that the combined application of layered architecture, the Repository
Pattern, and dependency injection effectively localizes change impacts across typical regulatory-
driven scenarios. Rule adjustments were largely confined to service or domain modules, integration
extensions were absorbed within repository adapters, and reporting modifications remained isolated
in document-generation components, as summarized in Table 2. This clear separation of concerns
provides strong empirical support for key quality attributes, particularly maintainability and
modifiability, which are essential for long-lived government information systems subject to
continuous regulatory evolution.

Moreover, the identification of architectural sensitivity points and associated risks in Table 3
underscores the critical role of repository interfaces and dependency-injection bindings in
preserving overall architectural quality. While these mechanisms enhance flexibility, extensibility,
and testability, they also demand disciplined governance to prevent architectural erosion arising
from unstable abstractions or the leakage of business logic across layers. Collectively, the results
confirm that repository-based architectures offer tangible benefits in regulatory-driven contexts by
reducing coupling, improving system robustness, and mitigating long-term maintenance risks.
These insights contribute a valuable architectural perspective that complements implementation-
focused research and can inform the design of comparable public-sector systems. Future research
may strengthen these conclusions through quantitative architectural metrics or comparative
evaluations of alternative architectural patterns to further illuminate tradeoffs in government
information system design.
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