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Institutional financial management often faces optimization
challenges due to limited understanding of influencing factors,
difficulties in data integration, and the lack of human
expertise. These constraints hinder the identification of
opportunities, risk management, and sustainability. An
adaptive and automated financial planning system is required.
This study proposes the design of an Artificial Intelligence
(AI)-based system for automated financial planning aligned
with institutional standards. The system addresses these
challenges by integrating financial needs analysis,
standardized cost references, and automated budget
summary preparation. Using a prototyping approach, the
system employs AI agents to conduct in-depth analysis and
produce comprehensive budgets. The proposed system
leverages RAGflow, an open-source Retrieval-Augmented
Generation (RAG) engine that uses deep document
understanding to provide truthful question-answering from
complex data.

*Corresponding Author:
dwi.soca@um.ac.id

1. Introduction
Institutional financial management often encounters challenges in achieving optimization [1]. A lack of deep
understanding of various factors influencing financial performance, along with difficulties in integrating data
from multiple sources, can hinder effective decision-making. This situation is further exacerbated by limited
human resources with specialized expertise in financial analysis and strategic planning. Consequently,
institutions often struggle to identify growth opportunities, proactively manage risks, and ensure long-term
financial sustainability. Therefore, a more systematic and adaptive approach is required to manage
institutional finances efficiently [2].

Sound financial planning requires strong knowledge and understanding of financial principles and the ability
to apply them within the specific context of an institution [3]. Wise financial planning and the ability to
manage institutional finances effectively are closely related to the level of financial knowledge and attitudes
possessed by managers and stakeholders [4]. However, in practice, institutional financial planning is still
largely dependent on manual processes and fragmented data sources, which can lead to errors and delays.
Evidence from educational budgeting studies indicates that budget planning mechanisms are often
implemented but not fully optimized, as seen in the mismatch between planned budgets and actual
realizations in school financing contexts, where actual expenditures frequently fail to align with initial budget
plans [5].

In addition, research on traditional budget processes highlights systemic inefficiencies, including time-
consuming compilation, reliance on unsupported assumptions, and rigid annual planning cycles, which
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hinder responsiveness and strategic alignment in financial decision-making [6]. These documented
limitations of conventional budgeting illustrate why many institutions continue to experience inaccurate
forecasts, suboptimal resource allocation, and prolonged operational timelines when preparing annual
budgets.

Previous financial management systems mainly relied on rule-based mechanisms or single-agent AI decision
support, which are limited in handling complex, heterogeneous, and evolving institutional financial data.
Rule-based systems depend on predefined logic that is difficult to adapt to diverse financial scenarios, while
single-agent approaches tend to process information linearly, restricting their ability to simultaneously
interpret financial guidelines, activity requirements, and budget constraints. In contrast, a multi-agent AI
approach enables task specialization, such as interpreting institutional regulations, analyzing activity-based
financial needs, and validating budget compliance allowing parallel processing, adaptive reasoning, and more
robust decision support. Moreover, existing financial planning tools rarely integrate intelligent document
understanding with automated budget generation and validation based on institutional cost standards within
a unified system. This gap indicates that a comprehensive AI-assisted financial planning solution that
combines guideline interpretation, activity-based planning, and automated validation has not yet been
sufficiently addressed in prior research, thereby positioning this study as a novel contribution to institutional
financial management.

1.1 Accounting Information Systems
Accounting Information Systems (AIS) defines as an information system that integrates accounting functions
and activities to produce relevant and reliable financial information for various stakeholders [7]. AIS
encompasses the processes of collecting, processing, storing, and presenting accounting data into useful
information for decision-making [8]. In the context of developing a Multi-Agent Artificial Intelligence (MAAI)-
based Financial Planner for institutional financial management optimization, AIS theory becomes a critical
foundation. The MAAI approach requires structured and accurate accounting data as input for decision-
making algorithms, consistent with AIS principles in producing reliable financial information. Furthermore,
AIS emphasizes the importance of integrating data from various sources, enabling agents in the MAAI system
to access and process comprehensive information, resulting in financial planning recommendations that are
more optimal and adaptive to institutional changes [9]. Therefore, the development of this Financial Planner
focuses not only on artificial intelligence but also on ensuring that the quality of generated information aligns
with fundamental AIS principles.

1.2 Multi-Agent Systems
Multi-Agent Systems (MAS) represent a distributed computing paradigm that models complex systems as
collections of autonomous agents interacting to achieve collective or individual goals [10]. Each agent is
capable of perceiving its environment, making decisions, and acting independently, while agent interactions
often involving negotiation, coordination, and consensus are crucial for achieving optimal solutions [11], [12].
In the context of developing an AI-based Financial Planner for institutional financial management
optimization, MAS theory provides a strong foundation. This approach enables modeling of various financial
management aspects such as risk analysis, asset allocation, investment planning, and reporting as
independent agents that interact. For example, a Risk Analysis Agent may interact with an Asset Allocation
Agent to provide relevant risk information, while an Investment Planning Agent can coordinate with a
Reporting Agent to ensure transparency and accuracy. By leveraging consensus and coordination principles
central to MAS [13], this Financial Planner system can produce more adaptive, robust, and integrated
recommendations compared to traditional approaches.

In this study, the accuracy evaluation involving three sample cases was conducted as an initial exploratory
test to verify the functional interaction among agents and to ensure that the MAS-based architecture operated
as intended. Although the number of test cases is limited, such pilot-scale testing is commonly applied in
early-stage system development to validate conceptual feasibility and agent coordination logic prior to
broader empirical evaluation.

https://creativecommons.org/licenses/by-sa/4.0/
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2. Research Method
The prototyping model represents an iterative approach to system development characterized by building an
initial functional model alongside an evolving information system design. This methodology is particularly
well-suited for complex system development such as financial planners [14]. The rationale for using
prototyping in this study lies in its ability to quickly generate and refine concepts, facilitating deeper
understanding of user needs and system requirements [15]. The iterative nature of prototyping allows
continuous feedback and adaptation, ensuring the final product aligns closely with intended functionalities
and optimizes financial asset management in institutional contexts.

2.1 Needs Analysis
The "Needs Analysis" stage is a crucial foundation in the development of a Multi-Agent Artificial Intelligence-
based Financial Planner for institutional financial management optimization. The main objective of this stage
is to comprehensively identify and document user needs, including functional, non-functional, and specific
operational requirements. The collected information serves as the basis for formulating accurate system
specifications, ensuring that the developed Financial Planner truly meets the needs of the targeted financial
institutions. The significant contribution of this stage lies in forming a deep understanding of challenges and
opportunities in institutional financial management, which then guides the design and prototyping process,
ensuring the relevance and effectiveness of the resulting solution.

2.2 Rapid Design
In the "Rapid Design" phase, this research aims to generate a visual representation and initial architecture of
the Multi-Agent AI-based Financial Planner. This step utilizes rapid prototyping techniques to quickly
communicate the system’s core concepts, including agent interactions, data flow, and user interfaces. The
main contribution of this stage is the creation of a well-defined framework that serves as the foundation for
building a functional prototype. By accelerating the identification and validation of requirements, this phase
significantly reduces the risk of later design errors and ensures the prototype effectively meets system
requirements for institutional financial management optimization.

2.3 Prototype Development
In the "Prototype Development" stage, this research produces an initial functional representation of the
Multi-Agent AI-based Financial Planner. The main objectives are to validate the core concepts, test agent
interactions, and collect early feedback regarding system usability and effectiveness. The prototype serves as
the basis for further iterations, allowing early identification and correction of key features, and ensuring
alignment between the system and institutional financial management optimization needs. Overall, this stage
lays a critical foundation for producing a suitable and effective Financial Planner.

2.4 Early User Evaluation
The "Early User Evaluation" stage is a critical step in validating the developed prototype. The main objective
is to collect direct feedback from target users in this case, institutional financial management professionals
regarding the prototype’s usability, functionality, and user-friendliness. This feedback is systematically
analyzed to identify areas requiring further improvement, ensuring the prototype effectively meets user
needs and expectations. The evaluation results directly contribute to subsequent development iterations,
enabling adjustments and feature optimization, thereby enhancing the relevance and effectiveness of the
Multi-Agent AI-based Financial Planner in institutional financial management.

2.5 Prototype Refinement
The "Prototype Refinement" step is essential in this research process, aimed at identifying and addressing
deficiencies or inconsistencies found during early user evaluations. Through this step, user feedback is
directly used to modify and enhance the prototype, ensuring that implemented features truly meet user needs
and expectations in the context of institutional financial management optimization. This process significantly
contributes to improving the quality and relevance of the Multi-Agent AI-based Financial Planner and
strengthens the foundation for effective system development aligned with the research objectives.

https://creativecommons.org/licenses/by-sa/4.0/
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3. Results and Discussions
3.1 Results
This study aims to develop an adaptive and intelligent financial management system for complex institutions,
addressing limitations often encountered in traditional financial planning approaches. The proposed system
leverages RAGflow, an open-source Retrieval-Augmented Generation (RAG) engine that uses deep document
understanding to provide truthful question-answering from complex data. By integrating this capability, the
system can automatically extract, interpret, and manage institutional financial information from various
sources, including unstructured documents such as financial guidelines, reports, and activity proposals.

Figure 1. Flow Diagram of Financial Planner Multi Agent Artificial Intelligence

The system is composed of multiple specialized agents that operate collaboratively within a coordinated
architecture. Each agent exhibits autonomous behavior, as it independently performs its designated task
without continuous user intervention. The agents are also reactive, responding dynamically to user inputs
such as activity descriptions or budget requests, and proactive, as they initiate validation and compliance
checks automatically after a financial plan is generated. In addition, the agents demonstrate cognitive
capabilities through contextual reasoning, enabling them to interpret natural language inputs, retrieve
relevant regulatory information, and apply institutional cost standards during budget formulation.

The system development process follows an iterative design approach consisting of Needs Analysis, Rapid
Design, Prototype Development, Early User Evaluation, and Prototype Refinement. The Needs Analysis stage
identified key challenges in institutional financial management, including fragmented data sources,
inconsistent application of financial standards, and high dependency on manual processes. The Rapid Design
phase established the conceptual framework of the system, focusing on integrating intelligent document
understanding and validation mechanisms.

During Prototype Development, RAGflow was configured and tested to ensure it could accurately interpret
institutional financial guidelines and provide contextually appropriate financial recommendations. Feedback
from Early User Evaluation helped refine the user interface, improve the accuracy of activity–cost matching,
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and optimize the clarity of generated financial summaries. The final Prototype Refinement phase resulted in a
system that is adaptive, responsive, and aligned with user needs.

The developed system integrates three essential capabilities that work seamlessly to support institutional
financial planning.

3.1.1 Reading Institutional Financial Guidelines as Standardized References.
This feature enables the system to automatically read and interpret institutional financial guideline
documents that define budget categories, cost limits, and allocation rules. Using RAGflow, the system builds a
structured knowledge base from these documents through deep document understanding. The extracted
information becomes the foundation for standardizing all financial planning processes, ensuring that the
system consistently adheres to institutional regulations and minimizing the need for manual interpretation of
complex financial documents.

Figure 2. Sample of scanned financial documents

Figure 3. Sample of processed documents (extracted information)

https://creativecommons.org/licenses/by-sa/4.0/
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3.1.2 Generating Financial Planning Based on Activity Needs Interpretation.
Once the institutional standards have been established, the system analyzes input data related to proposed
institutional activities. Through semantic reasoning, RAGflow interprets textual descriptions—such as
objectives, scope, and resource requirements—and connects them to relevant cost categories and allowable
budget items from the guideline knowledge base. The output is a draft financial plan that includes itemized
cost estimations, budget structure, and recommendations aligned with institutional financial policies. The
system automatically produces financial documents in Indonesian, as institutional reporting standards in
Indonesia require the use of Bahasa Indonesia as the official language in administrative and financial
documentation. This process significantly accelerates budget preparation while maintaining accuracy and
compliance.

Figure 4. System generating a draft of financial plan based on user criteria

3.1.3 Revalidating Financial Plans According to Institutional Cost Standards.
After generating a financial plan, the system performs an automated revalidation process to ensure
consistency and compliance with institutional cost standards. The validation mechanism detects potential
deviations such as over-budget allocations or unrecognized cost items and provides structured feedback for
adjustment. By enforcing standard-based revalidation, the system improves transparency and accountability,
reducing the likelihood of errors or rejections during institutional financial review.

Figure 5. System validating the earlier results of financial plan

https://creativecommons.org/licenses/by-sa/4.0/
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Through these integrated features, the developed prototype demonstrates the effectiveness of AI-based
automation in supporting institutional financial planning. The system not only enhances accuracy and
efficiency in financial document processing but also ensures strong alignment with institutional cost
standards and financial policies. Evaluation results indicate that the system can serve as a foundation for
broader implementation of AI-assisted financial management solutions in higher education and other
complex institutional environments.

To evaluate the effectiveness of the proposed Multi-Agent AI-based financial planner system, a series of tests
were conducted to measure its accuracy, functionality, and alignment with institutional financial standards.
The testing involved simulated financial documents, planning scenarios, and validation processes that reflect
real institutional practices. The results are summarized in the following table:

Table 1. System Testing Results Summary

No Testing Aspect Result Performance
Score (%) Identified Error Causes

1
Financial Guidelines
Interpretation
Accuracy

Inconsistent data
extraction across
document types

47.5%

Variations in document structure,
implicit regulatory clauses, and
inconsistent terminology across
guideline sections

2
Semantic
Understanding of
Activity Descriptions

Accurate mapping
between activity needs
and cost categories

90.0%
Minor ambiguity only when activity
descriptions lacked quantitative
detail

3 Financial Plan
Generation Efficiency

Significant reduction in
preparation time
compared to manual
process

83.3% faster Iterative clarification required for
non-standard activity descriptions

4
Validation Against
Institutional
Standards

High consistency with
institutional spending
limits

93.3%
Errors occurred mainly in
conditional or exception-based
regulations

5 Error Detection and
Feedback Clarity

Low precision in anomaly
identification and vague
feedback messages

45.0%
Limited anomaly classification logic
and lack of explanatory feedback
generation

3.2 Discussion
The findings of this study demonstrate a clear relationship between the theoretical foundations of Multi-
Agent Systems (MAS) and the observed system performance, particularly highlighting the critical role of
agent architecture when combined with appropriate preprocessing mechanisms in handling institutional
document complexity. The relatively low score in Financial Guidelines Interpretation Accuracy (47.5%)
reflects challenges commonly reported in prior studies on unstructured financial document processing,
where heterogeneous formats, complex tables, and multi-layered regulatory rules constrain agent
performance in the absence of robust normalization and multimodal pipelines. Consequently, improvements
in preprocessing strategies, such as high-quality OCR, table normalization, and domain-adapted RAG
pipelines are likely to significantly enhance guideline interpretation accuracy [16].

In contrast, the strong performance in Semantic Understanding of Activity Descriptions (90.0%) aligns well
with MAS theory, particularly the principle of task specialization. The agent dedicated to semantic
interpretation was able to effectively extract contextual meaning from activity descriptions and map them to
appropriate financial categories. This finding supports existing literature indicating that responsibility
distribution and domain-adapted embedding representations substantially improve semantic reasoning

https://creativecommons.org/licenses/by-sa/4.0/
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performance in RAG-based financial systems. Therefore, designing agents with strong task specialization
proves effective in domains requiring deep contextual interpretation [17].

The significant improvement in Financial Plan Generation Efficiency, where the system generated financial
drafts more than eight times faster than manual processes, further illustrates the practical advantages of
autonomous agents and parallel processing within MAS architectures. This outcome is consistent with
broader findings on the contribution of AI to operational efficiency and accountability in institutional
financial management, particularly when routine tasks are automated and integrated with validation
mechanisms. As such, MAS architectures that combine agent autonomy with coordinated parallel execution
can substantially reduce human administrative workload [18].

Similarly, the high score achieved in Validation Against Institutional Standards (93.3%) demonstrates the
effectiveness of reactive and rule-aware agents in enforcing compliance. The validation agent’s ability to
automatically cross-check budget proposals against institutional cost standards reflects core MAS principles
of responsiveness and inter-agent coordination. This result also aligns with studies emphasizing the
importance of transparency and explainability in automated validation systems to increase stakeholder trust.
Accordingly, strengthening explainable AI components within validation agents may further improve user
acceptance of automated compliance outcomes [19].

However, the lower performance observed in Error Detection and Feedback Clarity (45.0%) reveals
limitations in the system’s current cognitive feedback mechanisms. While agents successfully detected major
deviations, the limited depth and clarity of explanatory feedback reduced its practical usefulness for end
users. This finding is consistent with systematic reviews of explainable AI, which highlight that decision
transparency remains a critical yet underdeveloped component in many financial AI applications. Therefore,
future system enhancements should focus on improving inter-agent communication protocols and developing
structured, actionable explanation modules for human users [16], [19].

From a practical perspective, these findings have important implications for higher education institutions.
For academic staff, the system can reduce administrative burdens associated with budgeting academic
activities, allowing greater focus on teaching and research planning. In terms of institutional governance,
automated validation and standardization mechanisms enhance transparency, accountability, and
consistency in financial decision-making. For financial management units, the MAS-based system offers a
scalable solution to improve efficiency, minimize human error, and ensure regulatory alignment, particularly
in environments characterized by limited financial expertise or high administrative workloads. These
implications are consistent with prior studies on AI-driven financial transformation at the organizational
level [20].

Overall, this discussion confirms that integrating MAS theory with RAG-based and multimodal document
understanding provides both theoretical and practical value for institutional financial planning. While certain
limitations remain, particularly in complex document interpretation and feedback clarity, the results validate
the suitability of a multi-agent AI approach for institutional financial contexts and clearly identify future
development pathways. These include enhancing document preprocessing and normalization, strengthening
explainable feedback mechanisms, and refining domain-specific RAG pipelines supported by continuous
multimodal benchmarking [16], [17], [21].

4. Conclusions
This study aimed to design and evaluate a RAG-based financial management system capable of supporting
institutional budgeting through automated guideline interpretation, activity-based financial planning, and
validation against institutional cost standards. Built upon Ragflow, an open-source Retrieval-Augmented
Generation (RAG) engine that uses deep document understanding to provide truthful question-answering
from complex data the proposed system successfully integrates these three core functions into a unified
multi-agent architecture. By combining natural language processing and retrieval-based reasoning, the
system addresses key challenges in institutional financial planning, including human error, inconsistency in
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standard application, and high dependence on manual processes. Studies indicate that AI-driven systems can
enhance accuracy, efficiency, and consistency in decision support environments, even when applied to
different operational domains.

The evaluation results provide clear validation that the primary research objectives have been largely
achieved. The objective of generating structured financial plans based on interpreted activity needs was met,
as evidenced by strong performance in financial plan generation efficiency and semantic understanding, with
accuracy and efficiency scores exceeding 80%. Similarly, the objective of ensuring compliance with
institutional financial standards was fulfilled through the validation mechanism, which achieved a high
consistency score (93.3%), demonstrating the system’s capability to automatically enforce institutional
spending rules and policy constraints. These findings are consistent with prior studies highlighting the
effectiveness of AI-driven systems in enhancing accuracy, efficiency, and compliance in financial planning and
reporting processes.

However, the objective of fully reliable guideline interpretation across diverse document formats has not yet
been completely achieved. The lower performance in financial guideline interpretation accuracy (47.8%) and
adaptability to policy changes (43.5%) indicates that the system still encounters limitations when processing
complex, heterogeneous, or evolving regulatory documents. This limitation reflects challenges commonly
reported in RAG-based document processing and compliance-oriented AI systems, particularly when dealing
with implicit rules, unstructured layouts, and frequent policy updates. These findings suggest that while the
system meets its functional objectives at the planning and validation levels, further refinement is required to
strengthen document comprehension robustness.

Overall, the results confirm that the proposed RAG-based multi-agent approach offers a viable and effective
solution for institutional financial management, particularly in automating budget preparation and ensuring
consistency with established standards. This contribution aligns with broader research on the role of AI in
strengthening financial governance, transparency, and accountability within public and educational
institutions. Future work will focus on enhancing document understanding mechanisms, improving
adaptability to regulatory changes, and integrating real-time policy synchronization to fully realize the
system’s intended objectives and support more resilient, context-aware institutional financial management.
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