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Traditional Business Process Management (BPM) systems remain
heavily dependent on predefined rules and static workflows, limiting
their ability to handle dynamic operational conditions, complex
exceptions, and heterogeneous enterprise data. Although Artificial
Intelligence (AI) has increasingly been integrated into business process
automation, existing approaches predominantly emphasize task-level
automation rather than autonomous process orchestration. To address
this limitation, this study proposes a Multi-Agent Workflow System
(MAWS), an Agentic Al-based architecture designed to enable adaptive,
goal-oriented, and autonomous business process execution. MAWS
integrates three interconnected layers: perception, cognition, and
execution, supported by four specialized agents: Planning, Monitoring,
Execution, and Governance. Large Language Models (LLMs) and
Retrieval-Augmented Generation (RAG) facilitate contextual reasoning,
dynamic planning, autonomous decision-making, and self-correction.
The system was developed and evaluated using a Design Science
Research methodology through controlled simulations of Procure-to-
Pay and Order-to-Cash workflows. Experimental evaluation comprised
ten independent simulation runs using 10,000 synthetic business
transactions and a comparison with conventional rule-based Robotic
Process Automation (RPA). The results demonstrate a 42% reduction in
process cycle time, a 78% reduction in manual intervention, and
processing accuracy of 99.2%. Furthermore, MAWS achieved a process
agility score of 0.91, aggregation efficiency of 0.87, and audit integrity of
0.98. This study contributes a multi-agent architectural framework and
an integrated evaluation approach for advancing BPM from rule-based
automation toward adaptive, goal-driven autonomous operations. The
findings highlight the potential of Agentic Al to improve enterprise
workflow efficiency, accuracy, and adaptability.
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1. INTRODUCTION

Business Process Management (BPM) has become a critical organizational capability for improving
operational efficiency, ensuring regulatory compliance, and supporting digital transformation
initiatives [1]-[3]. However, contemporary business environments are increasingly characterized by
large-scale data generation, complex supply chain networks, rapidly changing market conditions, and
growing demands for real-time responsiveness[4]. As a result, traditional BPM approaches that rely
heavily on static process models and rule-based automation mechanisms, such as Robotic Process
Automation (RPA), are facing significant limitations [5], [6]. Although these approaches perform
effectively in structured and repetitive operational scenarios, they often struggle to cope with
unstructured data, unexpected process exceptions, and dynamic decision-making requirements [7],
[8]. Consequently, organizations remain highly dependent on human intervention to resolve process
anomalies, creating operational bottlenecks that constrain scalability, agility, and overall process
performance.

Recent advances in Artificial Intelligence (AI) have accelerated the evolution of BPM beyond
conventional process optimization toward autonomous business operations capable of continuously
adapting to changing organizational contexts, operational uncertainties, and strategic objectives [9],
[10]. This paradigm shift reflects the emergence of Agentic Al, which enables intelligent agents to
perform goal-oriented reasoning, autonomous decision-making, multi-step planning, and dynamic
workflow adaptation. This paradigm shift reflects the emergence of Agentic Al, which enables
intelligent agents to perform goal-oriented reasoning, autonomous decision-making, multi-step
planning, and dynamic workflow adaptation[n]. By transforming Al from a supporting technology into
an autonomous execution layer, organizations can establish adaptive workflows capable of responding
to environmental changes in real time while maintaining alignment with business objectives and
governance requirements. To address the identified limitations of traditional BPM and rule-based
automation, this research proposes a Multi-Agent Workflow System (MAWS) built upon Agentic
Artificial Intelligence principles. Agentic Al represents a new generation of intelligent systems capable
of goal-oriented reasoning, multi-step planning, autonomous tool utilization, and self-adaptive
decision-making. By leveraging these capabilities, MAWS enables autonomous workflow orchestration
that can dynamically respond to process variations, operational uncertainties, and evolving business
objectives while reducing reliance on continuous human supervision [12]. By repositioning Artificial
Intelligence from a supportive automation technology to an autonomous execution layer,
organizations can achieve intelligent workflow orchestration that dynamically adapts to changing
business environments. Through goal-oriented reasoning, autonomous decision-making, and real-
time process adaptation, MAWS enables business processes to remain resilient, efficient, and aligned
with evolving organizational objectives despite operational uncertainties and process variations[13].

The primary objective of this study is to design, develop, and validate a conceptual and
technical framework for integrating autonomous Al-driven workflows into organizational Business
Process Management (BPM) environments [14]. Specifically, this research aims to construct a Multi-
Agent Workflow System (MAWS) artifact that leverages Agentic Artificial Intelligence to enable
autonomous workflow orchestration, adaptive decision-making, and dynamic process execution.
Furthermore, the study seeks to evaluate the effectiveness of the proposed artifact in enhancing
process resilience, organizational agility, and operational efficiency when compared with conventional
rule-based automation approaches. By doing so, this research contributes to bridging the gap between
emerging Agentic Al capabilities and their practical implementation within enterprise BPM systems.

The theoretical foundation of this study lies at the intersection of Business Process
Management (BPM), Artificial Intelligence (AI), and autonomous systems research. The integration of
these domains has accelerated the emergence of Agentic Al, enabling business processes to evolve
from static, rule-driven automation toward adaptive and goal-oriented workflow orchestration capable
of autonomous decision-making and real-time process adaptation. According to Fettke et al. [15], the
evolution of Al-enabled Business Process Management encompasses automated as-is process
modeling, continuous process mining, and predictive process monitoring. More recent studies have
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highlighted a paradigm shift from traditional Robotic Process Automation (RPA) toward Intelligent
Process Automation (IPA), where Artificial Intelligence capabilities are embedded into business
process execution. Moraes et al. [16] and Patricio et al. [17] argue that the integration of Machine
Learning (ML) with RPA significantly improves the ability of process automation systems to handle
semi-structured and heterogeneous data. Furthermore, prior studies have demonstrated that the
adoption of Al within BPM can enhance operational efficiency, accelerate process execution, and
improve decision quality in complex business environments [18]. However, despite these
advancements, most existing implementations remain focused on task-level automation and isolated
process activities, limiting their ability to achieve fully autonomous workflow orchestration and
adaptive process execution [19]. In addition, critical challenges related to Al governance, algorithmic
transparency, accountability, and organizational integration continue to hinder large-scale enterprise
adoption [20]. These limitations indicate the need for a new BPM paradigm capable of supporting
autonomous decision-making, dynamic workflow adaptation, and goal-oriented process execution
through Agentic Artificial Intelligence.

Despite the growing integration of Artificial Intelligence into Business Process Management
through Intelligent Process Automation (IPA), process mining, and predictive analytics, several
important research gaps remain unresolved. Existing studies primarily focus on task-level automation
and process optimization, with limited attention given to achieving process-level autonomy.
Furthermore, most IPA approaches continue to rely on predefined rules and static decision logic,
limiting their ability to perform dynamic planning, adaptive reasoning, and autonomous exception
handling in uncertain operational environments. In addition, empirical studies investigating the
design and validation of Agentic Al-based multi-agent workflow architectures within enterprise BPM
environments remain scarce.

To address these limitations, this study proposes a Multi-Agent Workflow System (MAWS)
that leverages Agentic Artificial Intelligence to enable autonomous workflow orchestration, dynamic
task decomposition, adaptive decision-making, and goal-oriented process execution. The proposed
architecture is designed to transform BPM from a predominantly rule-driven automation paradigm
into an intelligent and adaptive operational framework capable of responding to changing business
conditions in real time.

This research makes three primary contributions. First, it develops a novel Multi-Agent

Workflow System (MAWS) architecture that integrates Agentic Al capabilities into enterprise BPM
environments to support autonomous workflow execution. Second, it introduces a multi-agent
reasoning and orchestration mechanism that enables dynamic planning, self-correction, and adaptive
decision-making across complex business processes. Third, it extends the application of Design Science
Research by integrating artifact validity dimensions with autonomous workflow performance metrics,
thereby providing a more comprehensive evaluation framework for Al-enabled BPM systems.
Based on these research gaps, the study employs a rigorous Design Science Research methodology to
construct, demonstrate, and evaluate the proposed artifact. From a theoretical perspective, the study
contributes to the emerging body of knowledge on Agentic BPM by providing validated design
knowledge for autonomous workflow systems. From a practical perspective, it offers a reference
architecture and implementation guidance for organizations seeking to transition toward Al-driven
enterprises capable of achieving greater operational agility, resilience, and scalability

2. RESEARCH METHOD

This study rigorously adopts the Design Science Research (DSR) methodology, a well-established
research paradigm in Information Systems that emphasizes the creation and evaluation of innovative
technological artifacts to address complex organizational challenges [21]. DSR was selected because
the primary objective of this research is not merely to explain existing phenomena, but to design,
develop, and validate a novel artifact capable of supporting autonomous Business Process Management
through Agentic Artificial Intelligence. From a Design Science Research perspective, the expected
outcome of this study extends beyond the development of a functional artifact to the generation of
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reusable design knowledge that can inform future implementations of Agentic Al-enabled BPM
systems across diverse organizational contexts [22].

The methodological foundation of the study is based on the Design Science Research
Methodology (DSRM) proposed by Peffers et al. [23], which provides a systematic process for problem
identification, objective definition, artifact development, demonstration, evaluation, and
communication. To strengthen the rigor of artifact assessment, the DSRM framework is complemented
by the integrated artifact validity perspectives proposed by Kroop [24] and Muntean [25]. This
integrated approach ensures that the proposed Multi-Agent Workflow System (MAWS) is evaluated
not only in terms of technical functionality but also with respect to design quality, organizational
relevance, utility, and scientific validity. Consequently, the methodology provides a comprehensive
foundation for constructing, validating, and refining autonomous workflow architectures within
enterprise BPM environments.

{ 1. Research Methodology: Design Science Research Methodology (DSRM) ]
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Figure 1. Research Methodology and Proposed MAWS Framework.

2.1 Evaluation Objectives

To assess the effectiveness of the proposed Multi-Agent Workflow System (MAWS), this study
defines three primary evaluation objectives.

EO1: To evaluate whether MAWS improves process execution efficiency compared with
traditional rule-based BPM automation.

EOz2: To assess the capability of MAWS in reducing manual intervention during exception
handling activities.

EO3: To evaluate the effectiveness of MAWS in improving processing accuracy under dynamic
operational conditions.

These evaluation objectives are aligned with the Design Science Research paradigm, where the

primary focus is the assessment of artifact utility, effectiveness, and organizational relevance rather
than statistical hypothesis testing.
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Data for this study were collected through two complementary streams to support both
artifact construction and artifact evaluation. First, qualitative evidence was obtained through a
Systematic Literature Review (SLR) of peer-reviewed publications indexed in Scopus (Q1-Q3) and Web
of Science (WoS) between 2021 and 2026, focusing on Business Process Management, Artificial
Intelligence, Agentic Al, autonomous systems, and workflow orchestration. The literature review
served as the primary knowledge base for identifying research gaps, deriving design requirements, and
establishing the conceptual foundations of the proposed artifact. Second, quantitative data for artifact
evaluation were collected from workflow execution logs, event streams, audit records, and
performance metrics generated during controlled simulation experiments. The evaluation
environment replicated enterprise Procure-to-Pay (P2P) and Order-to-Cash (O2C) processes using
representative transactional workloads designed to emulate realistic operational conditions, including
process exceptions, data inconsistencies, approval bottlenecks, and dynamic workflow variations.
These datasets enabled the assessment of process efficiency, human intervention requirements,
processing accuracy, and autonomous workflow performance under varying operational scenarios. The
research procedure follows the Design Science Research Methodology (DSRM) proposed by Peffers et
al.2007,[23] consisting of six iterative phases: problem identification and motivation, definition of
objectives for a solution, artifact design and development, demonstration, evaluation, and
communication. Collectively, these phases provide a systematic framework for constructing,
validating, and refining the proposed Multi-Agent Workflow System (MAWS) while ensuring both
scientific rigor and practical relevance:

(i) Problem Identification and Motivation: Identifying and defining the limitations of
traditional Robotic Process Automation (RPA), particularly its lack of adaptability in
dynamic business environments, and establishing the need for Agentic Al-enabled
workflow orchestration within Business Process Management based on insights derived
from the literature [17], [26].

(ii) Definition of the Objectives for a Solution: Specifying the functional objectives and design
requirements of the proposed Multi-Agent Workflow System (MAWS), including goal-
oriented reasoning, multimodal context understanding, dynamic workflow planning,
autonomous decision-making, and self-corrective capabilities to support adaptive
Business Process Management [27].

(iii) Design and Development: Constructing the proposed Multi-Agent Workflow System
(MAWS) architecture, which consists of three interconnected layers: a perception layer
for enterprise data integration and contextual awareness, a cognitive layer incorporating
Large Language Models (LLMs) and intelligent agents for reasoning and decision-making,
and an execution layer responsible for workflow enactment through APIs and intelligent
Robotic Process Automation (RPA) services. This phase resulted in the primary research
artifact. The MAWS prototype was implemented using a multi-agent architecture
composed of four specialized agents: a Planning Agent, Monitoring Agent, Execution
Agent, and Governance Agent. Agent interactions were coordinated through an event-
driven asynchronous messaging mechanism to support scalable and adaptive workflow
orchestration. Large Language Models (LLMs) served as the core reasoning engine and
were enhanced through a Retrieval-Augmented Generation (RAG) approach to improve
contextual accuracy and mitigate hallucination risks. Integration with enterprise
environments was facilitated through an API Gateway and an Intelligent RPA Layer,
enabling interoperability with Enterprise Resource Planning (ERP), Customer
Relationship Management (CRM), and legacy information systems.

(iv) Demonstration: The proposed MAWS artifact was demonstrated through two
representative enterprise scenarios, namely autonomous incident resolution and financial
reconciliation. These scenarios were selected to evaluate the ability of the system to
perform autonomous workflow orchestration, adaptive decision-making, exception
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handling, and cross-functional process coordination within complex business
environments. The demonstration phase provided empirical evidence of the artifact’s
capability to execute, monitor, and dynamically adjust business processes with minimal
human intervention under varying operational conditions [28].

(v) Evaluation: The proposed artifact was subjected to a comprehensive multi-dimensional
evaluation to assess its effectiveness, utility, and applicability within enterprise Business
Process Management environments. Consistent with Design Science Research principles,
the evaluation combined artifact validity assessment with performance-based analysis.
Artifact validity was examined through instrument validity, technical validity, design
validity, purpose validity, and generalization, while operational performance was assessed
using process execution efficiency, human intervention reduction, processing accuracy,
Process Elasticity, Aggregation Efficiency, and Audit Integrity metrics. This integrated
evaluation framework enabled a rigorous assessment of both the internal capabilities of
the MAWS architecture and its practical value in supporting autonomous workflow
orchestration.

(vi) Communication: Communicating the research findings through scholarly dissemination
channels to ensure the transfer of both scientific and practical knowledge. This phase
presents the proposed MAWS architecture, the underlying design principles, the multi-
dimensional evaluation results, and the implications for Business Process Management
theory and practice. In accordance with Design Science Research principles, the
communication process emphasizes the dissemination of reusable design knowledge that
can guide future research and industrial adoption of Agentic Al-enabled autonomous
workflow systems.

To ensure methodological rigor and artifact credibility, the proposed MAWS architecture was
evaluated using the five artifact validity dimensions proposed by Kroop [24]. This evaluation
framework was selected to provide a comprehensive assessment of both the technical performance
and organizational relevance of the artifact. Instrument Validity was employed to ensure that
performance indicators, such as process execution time, human intervention rate, and processing
accuracy, were measured using appropriate and reliable metrics. Technical Validity assessed the
stability, scalability, and operational reliability of the autonomous agents during workflow execution.
Design Validity examined whether the proposed architecture adhered to established software
engineering, artificial intelligence, and enterprise system design principles. Purpose Validity evaluated
the extent to which the artifact effectively addressed the identified limitations of traditional BPM and
rule-based automation approaches. Finally, Generalization assessed the potential applicability of the
proposed framework across different business domains and organizational contexts beyond the
evaluated case scenarios. Collectively, these validity dimensions provide a rigorous basis for evaluating
the effectiveness, utility, and transferability of the proposed autonomous workflow architecture. For
evaluation purposes, the simulation environment executed 10 independent experimental runs using
identical process workloads consisting of 10,000 Procure-to-Pay transactions. Performance metrics
were collected automatically from event logs and aggregated to obtain representative values for cycle
time, manual intervention rate, processing accuracy, and autonomous workflow performance
indicators.

2.2 Experimental Evaluation Protocol
To ensure the reliability and repeatability of the evaluation process, the MAWS artifact was assessed
within a controlled simulation environment representing enterprise Procure-to-Pay (P2P) and Order-
to-Cash (O2C) workflows. The evaluation dataset consisted of 10,000 synthetic business transactions
designed to emulate real-world operational complexity, including invoice mismatches, vendor
inconsistencies, incomplete records, and exception scenarios.

The evaluation was conducted through ten independent simulation runs under identical
workload conditions. During each run, the MAWS architecture and the baseline rule-based RPA
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system processed the same transaction set to ensure comparability. Performance metrics were
automatically collected from workflow execution logs, event streams, and audit records generated
during system operation.

Cycle Time Reduction was calculated as the percentage decrease in average process
completion time relative to the baseline RPA implementation. Manual Intervention Reduction was
measured as the percentage decrease in exception cases requiring human involvement. Processing
Accuracy was determined by comparing system decisions against predefined expected outcomes for
each transaction scenario. The Process Elasticity, Aggregation Efficiency, and Audit Integrity metrics
were evaluated using the mathematical formulations presented in Section C. The reported values
represent the average results obtained across all simulation runs.

3. RESULTS AND DISCUSSIONS

The research findings are presented following the logical progression of the Design Science Research
methodology, beginning with the description of the proposed MAWS artifact, followed by its
demonstration in representative enterprise scenarios, and concluding with a comprehensive
evaluation of its effectiveness and utility. The evaluation results are analyzed using both operational
and architectural performance metrics, as well as artifact validity dimensions, to provide evidence of
the artifact’s capability to support autonomous workflow orchestration. The subsequent discussion
situates these findings within the broader Business Process Management and Artificial Intelligence
literature, highlighting their theoretical implications, practical relevance, and contributions to the
emerging field of Agentic Al-enabled BPM.

3.1 Desain Artifak: Arsitektur Multi-Agent Workflow System (MAWS)

Based on the requirements synthesis derived from the earlier phases of the Design Science Research
process, this study successfully developed the primary research artifact in the form of a Multi-Agent
Workflow System (MAWS) architecture. Unlike traditional BPM systems that rely on static rule-based
decision logic and predefined workflow execution paths, the proposed architecture adopts an Agentic
Al-driven approach capable of autonomous reasoning, adaptive process orchestration, and dynamic
decision-making. The architecture is organized into three interrelated layers that collectively support
autonomous workflow execution within enterprise environments.

The first layer, referred to as the Perception Layer, is responsible for acquiring and integrating
multimodal information from heterogeneous enterprise sources, including textual documents, emails,
system logs, structured databases, and other operational data streams. By continuously monitoring
and interpreting real-time business events, this layer enables context-aware process awareness and
supports continuous process discovery rather than periodic process analysis [29].

The second layer, the Agentic Orchestration Layer, constitutes the core intelligence
component of the proposed architecture. This layer consists of autonomous software agents equipped
with Large Language Models (LLMs) enhanced through domain-specific adaptation mechanisms.
These agents are capable of goal-oriented reasoning, dynamic task decomposition, multi-step
planning, exception handling, and autonomous decision-making. Through collaborative multi-agent
interactions, the orchestration layer transforms high-level business objectives into executable
workflow actions while continuously adapting to changing operational conditions.

The third layer, the Execution Layer, is responsible for translating agent decisions into
executable business actions. This layer enables interaction with enterprise applications, including
Enterprise Resource Planning (ERP), Customer Relationship Management (CRM), and legacy
information systems through APIs, intelligent automation services, and workflow execution interfaces.
As a result, the architecture establishes a seamless connection between autonomous reasoning
capabilities and operational process execution, thereby enabling adaptive and scalable Business
Process Management.

Table 1. MAWS Architecture Components

Agentic AI-Enabled Autonomous Business Process Management: Design and Evaluation of a Multi-Agent
Workflow System (MAWS)(Bambang Saras Yulistiawan, et al)
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Coating Components

Supporting Technology

Functions in Autonomous Workflow

Perception Layer

Agentic Orchestration

Execution Layer

Computer Vision, NLP, Event Stream
Processing

LLMs, Reinforcement Learning, Multi-Agent
Frameworks

API Gateways, Intelligent RPA, Smart

Multimodal data extraction, real-time
anomaly detection, process status monitoring.

Multi-step reasoning, dynamic planning, task
allocation between agents, self-correction.

Execution of actions on legacy systems,

Contracts database updates, end-user interactions.

Governance &
Guardrails

Explainable AI (XAI), Audit Logging, Human-
in-the-loop

Ensure compliance, decision transparency,
and human intervention at high-risk
thresholds.

Table 1 outlines the components of the MAWS architecture. The addition of the Governance &
Guardrails layer is crucial to addressing concerns related to Al accountability, as highlighted by the
recent literature on Al governance in BPM [9]. This layer ensures that every decision taken by
autonomous agents is traceable and explainable.

3.2 Demonstration and Simulation Results

MAWS artifacts were demonstrated in a simulated Procure-to-Pay (P2P) process, a process that is
traditionally labor-intensive and prone to invoice matching errors. The simulation environment
executed ten independent experimental runs involving 10,000 transactions per run. Reported
performance values correspond to the average outcomes obtained across all runs. In the test scenario,
the system is faced with 10,000 invoice transactions, of which 15% are intentionally inserted anomalies
(e.g., price mismatches with purchase orders, non-standard invoice formats, and unregistered
vendors).

The results of the demonstration show that MAWS is able to handle workflows autonomously
from start to finish. When an agent detects a price mismatch, instead of stopping the process and
sending it to a manual queue (as traditional RPA does), the autonomous agent independently reviews
the vendor's contract history, extracts price tolerance clauses using NLP, and makes a decision to
approve or deny invoices based on the risk parameters that have been studied. If the anomaly is beyond
the confidence threshold, the agent automatically compiles a clarification email to the vendor and
delays the process until the reply is received and analyzed.

Int J of Basic & App Sci, Vol.15, No. 2, 2026: 95-111
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Significant Performance Improvement: MAWS (Agentic Al) vs. Traditional RPA
in Business Process Management (BPM)
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Figure 1. Comparison of Process Execution Performance between Traditional RPA and MAWS
Source: Developed by the authors based on the MAWS evaluation framework.

Tabel 2. Interpretasi Grafik Pada Gambar 1

Metrik Traditional RPA MAWS (Agentic Improvement
Al
Reduced cycle time Baseline (0%) 42% +42% faster
Decrease in  manual 22% 4.8% 78% lower
intervention
Processing accuracy 91.5% 99.2% +7.7 pp more accurate

The results of the evaluation showed consistent performance differences between MAWS and
traditional RPA approaches across all observed metrics. These findings indicate that adaptive
reasoning capabilities and multi-agent orchestration contribute to increased business process
efficiency and accuracy.

Figure 1 illustrates the significant performance improvement. The use of MAWS resulted in a
42% reduction in cycle time compared to the traditional RPA baseline. In addition, the need for manual
intervention (human exception handling) has dropped dramatically by 78%, as agents are able to self-
correct most anomalies. The processing accuracy rate reached 99.2%, demonstrating the system's
reliability in handling data variability.

Table 3. Comparative Performance Indicators between Traditional RPA and MAWS

Metric RPA MAWS Improvement
Cycle Time 100 58  42% Reduction
Manual Intervention 22% 4.8% 78% Reduction

Processing Accuracy 91.5% 99.2%  +7.7 Percentage Points

Table 3 shows that MAWS consistently outperformed traditional RPA approaches across all evaluated
metrics. The biggest improvement occurred in the manual intervention rate which decreased by 78%,
demonstrating the ability of autonomous agents to handle process exceptions independently. In
addition, the increased accuracy of up to 99.2% indicates that the Agentic Al-based approach is able
to maintain the reliability of decisions despite operating in a dynamic and unstructured environment.

Agentic AI-Enabled Autonomous Business Process Management: Design and Evaluation of a Multi-Agent
Workflow System (MAWS)(Bambang Saras Yulistiawan, et al)
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3.3 Performance Measurement Operations

Traditional BPM/RPA (which is deterministic and linear) with Multi-Agent Workflow System (MAWS)
(which is stochastic and adaptive), we need to create metrics that will measure the performance of
MAWS performance as outlined by G. Mishra [30].

Stage 1: Model Enterprise Systems as Data Sources that define work environments consisting of various
subsystems (such as enterprise database systems consisting of ERP applications, HR applications, CRM
applications, and others).

Formula:

S= {Sli Sz,S3,...,Sn} (1)

Where:
S is a set that contains all subsystems from 1 to n
Components: Each subsystem provides two thingsS:
(i) API;: Data endpoints to retrieve information directly.
(ii) E;(t): It is an event stream that sends real-time data change notifications at the time t.

Stage 2: Mapping the API Aggregator into a Unified Schema
Each enterprise system vendor such as SAP, Oracle, Google has different data formats, this step
normalizes everything into one standard format.
Formula:
x; = A(APL, (1), ..., APL,(t)) e Q (2)

where: A is the function of the Aggregator.
(i) This function retrieves data from various APIs(API,, ..., API,) and turn it into a form x
(ii) € Q means that the end result must be at a valid value

Stage 3: Event-driven reactivity

This stage governs how the system responds to data changes automatically using the logic of "if
something happens, then take action".

Occurrence formula:

n
e e U E;(t) 3)
i=1
Trigger formula:
. __ (1:if et matches rule for capability c
trlgger(cyet) — 10: otherwise (4)

Stage 4: Context-Based Access Control
This stage ensures data security by checking who is requesting the data and for what purpose.
Definition of context:

k = (id, rule, purpose) (5)
This means that the identity of the user is determined by the ID, role (e.g.: Admin), and purpose (e.g.:
Audit).
Decision Formula:
allow(a, d, k) = 1{x € Kyjjoweq (a, d)} (6)

where the decision to allow access is determined by the function of indicator 1. Access is granted if the
user's context (k) Included in the list of allowed contexts (K joweq) fOr actor a against data d.

Stage 5: Data Provenance Retention Limits
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This stage ensures that the history of the data (who changed it and when) is not lost even if it is
processed many times.

Metadata Formula: p(d)

It represents the origin information present in each data item p(d).

Transformation Formula:

p(f(d)) = merge(p(d), p) (7)

where If the data d is changed by the function £, then the new origin information p(£(d)) is the result
of merging the old data history p(d) with the change record of the f function itself (p).

The system retrieves data from various sources (Stage 1), standardizes its format (Stage 2),
reacts automatically to changes (Stage 3), maintains access security (Stage 4), and records the entire
history of changes in that data (Stage 5). To compare Traditional BPM/RPA (which is deterministic
and linear) with Multi-Agent Workflow System (MAWS) (which is stochastic and adaptive), the
authors extend the formula from the image into performance metrics that are measured with 3
performance measures of MAWS performance, namely:

Stage 6: Process Elasticity

In traditional BPM, workflows are defined staticly. If an exception occurs, the system often stops. In
MAWS, agents can negotiate to find alternative paths.

Agility Score:

in=1 trigger(c,et)i

" Total Unforeseen Events

(8)

with:
A = process adaptability level;
E = Number of exceptions that occur;
T = Number of tasks successfully completed;
n = Number of Evaluated Workflow Instances;
t = Processing Time;
f = Data Transformation Function;
p(d) = Metadata provenance of data d.
The same variable definition applies to all mathematical formulations in Stages 6 to 8.
Explanation:
i. ~ OnBPM, trigger ., Value o for any that is not in the hard-coded rulese.
ii. In MAWS, trigger functions are upgraded to fuzzy or probabilistic logic, where agents
dynamically re-map the schema Q (from Stage 2).

Stage 7: Aggregation and Normalization Efficiency

In traditional BPM data, there is often a bottleneck in manual data integration. We can measure the
efficiency of the aggregator function from Stage 2.A

Aggregator Efficiency Formula (n):

|xe € Q]
N=sq (9)
Y, latency(API;)

Explanation: How quickly a system can convert raw data from multiple vendors into a single, ready-
to-use data schema. MAWS typically excels because agents can perform parallel processing and pre-
fetching of data based on event predictions.

Stage 8: Security and Accountability (Provenance)
In autonomous systems, the risk of "black box" is very high, so Stage 5 becomes crucial.
Rumus Integritas Audit (Al):
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Al = fmerge(p(d), pp)dt (10)

In RPA, provenance is usually just a simple text log. In MAWS, each agent action (f transformation)
must include reasoning metadata into the p(d). If Al is not synchronized, then the autonomy of the
agent must be limited by the system.

The proposed performance measurement model serves as a complementary evaluation
framework that extends the operational metrics used to assess the effectiveness of the proposed
artifact. While EO1-EO3 focus on observable business outcomes such as process execution efficiency,
manual intervention reduction, and processing accuracy, the Process Elasticity, Aggregation Efficiency,
and Audit Integrity dimensions provide deeper insight into the internal capabilities of the MAWS
architecture.

The evaluation results indicate that the proposed MAWS architecture successfully achieved
all predefined evaluation objectives. The observed improvements in process execution efficiency,
reduction of manual intervention, and enhancement of processing accuracy demonstrate the practical
effectiveness of autonomous workflow orchestration based on Agentic Artificial Intelligence.

To complement the operational performance indicators presented in Table 3, the proposed
performance measurement model was applied to evaluate the internal capabilities of the MAWS
architecture. The evaluation focuses on process adaptability, data aggregation efficiency, and
auditability, which represent critical dimensions of autonomous workflow performance.

Table 4. Evaluation of MAWS Performance Measurement Dimensions

Dimension Metric Result
Process Elasticity ~ Agility Score (AS) 0.91
Data Aggregation  Aggregation Efficiency (AE) 0.87
Auditability Audit Integrity (AI) 0.98

All values reported in Table 4 represent averaged measurements obtained from ten independent
simulation runs under controlled workload conditions. The additional evaluation demonstrates that
MAWS achieved strong performance across all proposed dimensions. The Agility Score of 0.91
indicates that the system successfully adapted to process exceptions and dynamically reconstructed
workflows. The Aggregation Efficiency value of 0.87 reflects effective integration and normalization of
heterogeneous enterprise data sources. Furthermore, the Audit Integrity score of 0.98 confirms that
autonomous agent activities remained traceable and compliant with governance requirements
throughout workflow execution.

3.4 Evaluation of artifacts based on validity dimensions
In accordance with the adopted DSR methodology, the evaluation was carried out strictly using five
dimensions of validity [12].

First, Instrument Validity is confirmed through the use of industry-standard metrics (such as
Straight-Through Processing/STP rate) and log monitoring tools that are cross-validated by manual
auditing on random samples, ensuring that what is being measured truly reflects the performance of
the system.

Second, Technical Validity is evident in the system's ability to maintain 99.9% uptime during
peak load simulations, without experiencing memory leaks or fatal API failures when agents interact
concurrently. The uptime measurement was obtained during ten simulation runs involving 100,000
cumulative transactions and continuous workload execution over the evaluation period.

Third, Design Validity was evaluated through an expert review involving three senior
information system architects. All experts possessed more than ten years of professional experience in
enterprise architecture, business process management, and large-scale information systems
implementation. They confirmed that the separation of the cognitive and execution layers in MAWS
adheres to the principle of loose coupling, allowing for the updating of Al models without disrupting
operational infrastructure.
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Fourth, Purpose Validity is achieved very well; Artifacts empirically solve the problem of
process rigidity by demonstrating dynamic adaptability to unstructured invoice anomalies, a task that
inherently thwarts static rule-based systems.

Fifth, regarding generalization, although the main demonstration was done on the P2P
process, the architectural analysis shows that autonomous agents in MAWS are domain-agnostic. By
replacing LLM training data and customizing API endpoints, this framework can theoretically be
applied to Customer Onboarding or IT Incident Management processes without fundamental
structural changes.

3.5 In-Depth Discussion and Analysis

The results of this study provide strong empirical evidence that the transition from task automation
to autonomous workflows is not just a conceptual discourse, but a technical reality that can be
achieved. This discussion highlights some critical findings that expand the current understanding of
Al in BPM.

When compared to the research of Patricio et al. (2024), which focuses on the integration of
Machine Learning and Robotic Process Automation, MAWS offers additional capabilities in the form
of autonomous planning and dynamic workflow reconstruction. While Fettke et al. (2025) emphasized
the use of Al for process analytics improvements, this study expands the scope towards fully
autonomous process orchestration [15]. Thus, MAWS not only improves automation but also
transforms the BPM paradigm from rule-driven execution to goal-driven autonomous execution.

First, an in-depth analysis of agent behavior shows that the strategic value of Agentic Al lies
in its ability to perform dynamic process orchestration. In traditional BPM, the process model (BPMN)
is defined a priori (design-time). In contrast, MAWS allows for the formation of workflows on a run-
time basis. When an agent encounters an unexpected situation, he does not follow a static path, but
synthesizes a new path based on the final goal (goal-oriented execution). This is in line with Garcia's
prediction [29] which states that Al will transform BPM into an "adaptive operational fabric". This
capability fundamentally addresses the key limitations of RPA identified by Patricio et al. [17] and
Moraes et al. [16], where RPA is particularly vulnerable to user interface changes or variations in data
formats.

Second, compare these results with other studies, such as the study by Fettke et al. [15]
regarding Al-enhanced BPM, this study goes further by shifting the paradigm from "Al as a human
assistant” to "Al as the main executor, with humans as the supervisor". This approach responds to the
shift in the automation economy highlighted by Rashmi [27], where efficiency gains are no longer
incremental, but transformational (step-change gains). The 78% reduction in manual intervention in
our case study proves that organizations can free employees' cognitive bandwidth from routine
reconciliation tasks, Reduced operational workload through Al enables the human workforce to shift
towards more strategic value-added activities, including innovation, complex decision-making, and
the development of new business models [20].

Third, the success of MAWS implementation is highly dependent on the Governance &
Guardrails layer. System log analysis showed that in 2.5% of cases, Al agents generated a low
confidence level (below 75%) when trying to resolve highly complex anomalies (e.g., vendor fraud
indications). In these cases, the Human-in-the-loop (HITL) mechanism is triggered automatically,
escalating the issue to the human auditor along with a summary of the context and recommendations
for action. This confirms findings from the Al governance literature [9], [12], [31] that full autonomy
without oversight in high-risk business processes may lead to financial losses or compliance violations.
Therefore, "controlled autonomy” is the most feasible approach for large-scale enterprise adoption.

3.6 Theoretical Implications

This research expands the literature on Business Process Management by introducing the concept of
agentic autonomy as an organizational capability that goes beyond conventional process automation.
The research findings support the view that future business processes will evolve from deterministic
models to goal-driven adaptive systems.
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3.7 Practical Implications

For organizations, the implementation of MAWS has the potential to reduce operational costs, reduce
the burden of exception handling, and increase business process agility. The proposed architecture can
be used as a blueprint for Al-based digital transformation in procurement, finance, customer service,
and supply chain management functions.

3.8 Limitations and Threats to Study Validity
Although the results obtained are very promising, this study has some limitations that need to be
recognized as a threat to the validity of the study.

First, the artifact demonstration is conducted in a simulated environment (sandbox) using
synthesized data, although it is designed to be as similar as possible to real-world conditions. The
complexity of fragmented legacy systems, poor historical data quality, and network latency in the
company's actual production environment may degrade reported efficiency performance (a threat to
external validity).

Second, this study relies heavily on the stability and performance of APIs from third-party

Large Language Models (LLMs). Phenomena such as Al hallucinations or drift models over time have
not been evaluated longitudinally in this study.
Third, from an organizational perspective, the study focuses on technical feasibility and process
efficiency, but has not deeply measured the cultural resistance or internal political barriers that are
often the main causes of Al transformation failures in companies, as noted in the change management
literature [20]. The generalizability of the findings may be influenced by industry-specific process
characteristics, organizational maturity levels, and variations in enterprise information system
architectures. Consequently, the reported performance improvements should be interpreted within
the context of the evaluated scenarios and require further validation across diverse industrial
environments.

4. CONCLUSION

This research successfully designed, developed, and evaluated the Multi-Agent Workflow System
(MAWS) architecture as an autonomous workflow framework based on Agentic Artificial Intelligence
to support the transformation of Business Process Management (BPM) towards more adaptive,
intelligent, and autonomous business operations. Through the Design Science Research (DSR)
approach, this research produces artifacts that integrate multi-step reasoning skills, dynamic planning,
self-correction, and multi-agent-based process orchestration in the company's business process
environment. The results of the evaluation show that MAWS is able to improve process execution
efficiency, reduce the need for manual interventions, and improve processing accuracy compared to
traditional Robotic Process Automation (RPA) approaches. These findings indicate that the Agentic
Al-based approach not only serves as an automation tool, but also serves as an adaptive decision-
making mechanism capable of responding to changes in operational conditions in real-time. Thus, this
study answers the gap that still exists in the BPM literature regarding the need for process
orchestration that is autonomous, flexible, and goal-oriented. The theoretical contribution of this
research lies in the development of the concept of agentic autonomy in the context of BPM through
the integration of multi-agent reasoning, autonomous workflow orchestration, and artifact validation
based on Design Science Research. Meanwhile, the practical contribution of this research is in the form
of providing an architectural reference model that can be used by organizations as a foundation for
the implementation of Artificial Intelligence-based digital transformation in various business domains,
including procurement, finance, customer service, and supply chain management. However, this study
still has some limitations. Evaluation was carried out in a simulated environment using a dataset that
represents the operational conditions of the organization so that it does not fully describe the
complexity of implementation in a real production environment. In addition, aspects of organizational
culture change, Al governance, and risks related to drift and hallucination Large Language Models
(LLMs) have not been evaluated longitudinally. Therefore, further research is recommended to
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implement and test MAWS in the actual enterprise environment, evaluate the long-term performance
of the system under concept drift conditions, and develop a human-agent hybrid governance
mechanism that is able to improve transparency, accountability, trust, and sustainability of the
adoption of autonomous workflows in modern organizations.
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