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ABSTRACT 

Modern manufacturing and supply-chain environments increasingly depend on integrated enterprise systems capable of 

coordinating production, procurement, inventory, maintenance, quality, and logistics decisions. SAP S/4HANA provides a 

transactionally integrated environment, but the growing volume and velocity of operational events creates a significant 

exception-management challenge: conventional rule-based alerts frequently identify deviations only after operational 

thresholds have been exceeded. This research proposes an intelligent multi-agent architecture for predictive exception 

management in SAP S/4HANA manufacturing and supply chains. The architecture conceptualizes specialized software 

agents responsible for event monitoring, anomaly detection, production analysis, maintenance reasoning, procurement 

coordination, supply-chain impact assessment, and decision orchestration. The theoretical foundation is derived from the 

provided literature on fault simulation, diagnosis, health assessment, hydraulic-system modeling, structural optimization, 

and condition-oriented engineering analysis. These studies collectively demonstrate the value of modeling system behavior, 

detecting deviations, assessing risk, and linking technical conditions to corrective decisions. The proposed architecture 

extends these principles into an enterprise-management context by transforming isolated exception signals into 

coordinated, predictive decisions. The framework emphasizes event-driven processing, agent specialization, shared 

operational context, confidence-aware reasoning, escalation mechanisms, and human supervision. The analysis indicates 

that multi-agent coordination can improve exception prioritization, reduce fragmented decision-making, and establish a 

more adaptive relationship between operational events and SAP-based business processes. However, challenges remain 

concerning data quality, agent coordination, explainability, false-positive control, integration complexity, and human 

accountability. The study therefore positions multi-agent intelligence not as a replacement for SAP transactional 

governance, but as an adaptive decision layer operating above integrated enterprise processes. 

KEYWORDS: Multi-Agent Systems; SAP S/4HANA; Predictive Exception Management; Intelligent Manufacturing; Supply 

Chain Analytics; Anomaly Detection; Predictive Maintenance; Enterprise Resource Planning; Autonomous Decision Support; 

Manufacturing Intelligence. 

INTRODUCTION 

1.1 Background 

Manufacturing and supply-chain operations are 

characterized by tightly interconnected processes in which 

a deviation in one operational component can propagate 

across multiple business functions. A hydraulic-system 

fault, for example, can affect equipment availability, 

production capacity, maintenance scheduling, material 

consumption, delivery commitments, and procurement 

requirements. The engineering literature supplied for this 

study demonstrates that complex technical systems require 

systematic approaches for simulation, diagnosis, health 

assessment, and failure analysis rather than isolated 

observation. Ding et al. (2021) and Ma et al. (2021), for 

example, examine fault simulation and verification of 

hydraulic systems using AMEsim, while Tang et al. (2019) 

investigate leakage diagnosis through wavelet-packet 

methods. These studies establish an important conceptual 

principle: operational deviations become more actionable 

Frontiers in Emerging Engineering & Technologies                                                                                             (Open Access) 



FEET, (2026)                                                                                                                                                               
 

  

https://irjernet.com/index.php/feet 2 

 

when they are detected, modeled, classified, and connected 

to probable causes. 

In an SAP S/4HANA manufacturing environment, the 

equivalent challenge exists at the enterprise level. 

Production orders, material requirements, inventory states, 

supplier commitments, maintenance conditions, quality 

events, and logistics constraints continuously generate 

operational signals. A traditional exception-management 

mechanism may present these signals as alerts, but an alert 

by itself does not determine the probable cause, cross-

functional consequence, or optimal response. The emerging 

concept of multi-agent intelligence provides an opportunity 

to introduce a distributed reasoning layer in which 

specialized agents collaborate to interpret exceptions and 

recommend or execute context-dependent responses. 

The conceptual direction of this study is consistent with the 

framework described in Multi-Agent Generative AI 

Framework for Autonomous Exception Management in SAP 

S/4HANA Manufacturing, which emphasizes autonomous 

and coordinated handling of manufacturing exceptions. 

Because complete bibliographic metadata for this 

compulsory reference was not supplied, it is cited by title 

rather than an invented author/year designation. 

1.2 Problem Statement 

The principal problem addressed in this research is the gap 

between exception detection and exception resolution. 

Manufacturing systems may identify a delayed material, 

abnormal machine condition, capacity shortage, or quality 

deviation, but the resulting decision frequently requires 

interpretation across multiple organizational and technical 

domains. 

For instance, an equipment-health deterioration may 

initially appear to be a maintenance problem. However, the 

underlying business consequence could involve production-

order delays, material shortages, overtime requirements, 

rescheduling, supplier changes, and customer-delivery 

risks. Duan et al. (2022) demonstrate the importance of 

health assessment and risk coefficients in evaluating 

landing-gear hydraulic-system conditions. Zhou et al. 

(2022) similarly address modeling and fault diagnosis of 

aviation hydraulic servo actuators. These engineering 

approaches suggest that exception management should not 

merely detect abnormality; it should evaluate severity, 

probability, and operational consequence. 

The research problem is therefore formulated as follows: 

How can an intelligent multi-agent architecture transform 

heterogeneous operational signals in SAP S/4HANA 

manufacturing and supply chains into coordinated, 

predictive, explainable, and context-aware exception-

management decisions? 

1.3 Research Relevance and Objectives 

The research is relevant because manufacturing exceptions 

are increasingly interconnected, while conventional 

alerting systems remain functionally fragmented. The 

proposed architecture aims to establish a systematic bridge 

between engineering-style diagnosis and enterprise-level 

decision coordination. 

The primary objectives are to develop a conceptual multi-

agent architecture, define specialized agent responsibilities, 

establish an exception-processing workflow, integrate 

predictive reasoning with SAP manufacturing and supply-

chain processes, and critically evaluate the benefits and 

limitations of autonomous exception management. 

1.4 Scope and Significance 

The scope encompasses manufacturing execution, 

production planning, maintenance-related events, 

materials, procurement, inventory, and supply-chain 

exception coordination. The study does not propose 

replacement of SAP S/4HANA transactional functionality. 

Instead, it proposes an intelligent decision layer that 

interprets events and coordinates responses while 

preserving enterprise-system governance. 

The significance of the proposed framework lies in its shift 

from reactive exception notification toward predictive 

exception orchestration. This shift is particularly important 

when a single operational deviation can create cascading 

consequences across production and supply-chain 

functions. 

LITERATURE REVIEW 

The provided references originate primarily from 

aerospace engineering, hydraulic-system diagnosis, 

structural optimization, and fault simulation. Although they 

do not directly examine SAP S/4HANA or enterprise multi-

agent systems, their methodological principles provide a 

useful theoretical foundation for intelligent exception 

management. 

Ding et al. (2021) investigate fault simulation and 

experimental verification of an axial piston pump using 

AMEsim. Ma et al. (2021) similarly address hydraulic-

system fault modes and simulation verification. Collectively, 

these studies emphasize the importance of constructing a 

system representation before attempting to interpret 

abnormal behavior. Within an SAP environment, the 

corresponding principle is the creation of an operational 

context model that connects an exception with its 

production order, material, work center, equipment, 

supplier, inventory position, and delivery commitment. 

Duan et al. (2022) introduce health assessment based on 

improved risk coefficients and an FCE model. This is 



FEET, (2026)                                                                                                                                                               
 

  

https://irjernet.com/index.php/feet 3 

 

particularly relevant to predictive exception management 

because it demonstrates that an abnormal condition can be 

transformed into a structured assessment rather than 

treated as a binary normal/abnormal state. A 

manufacturing agent could similarly classify an exception 

according to probability, severity, urgency, and 

downstream impact. 

Tang et al. (2019) focus on leakage-fault diagnosis using 

wavelet packets, demonstrating the value of signal 

characteristics in identifying specific failure modes. Guo and 

Han (2013) examine modeling and fault simulation of an 

aircraft landing-gear system, while Zhou et al. (2022) 

investigate modeling and fault diagnosis of an aviation 

hydraulic servo actuator. These studies reinforce the 

importance of combining system models with diagnostic 

reasoning. 

Zhu et al. (2022) examine fault simulation and modeling of 

an aircraft lock mechanism. Pappalardo et al. (2021) 

combine multibody-system and finite-element approaches 

for redesign and topology optimization. Wang et al. (2019) 

investigate integrated optimization of a composite bay door 

using pre-deformation and variable-thickness design. 

Schmiedel and Holzheimer (2016) discuss the interaction 

between nondestructive testing and strength analysis for 

CFRP aircraft doors. Although these studies concern 

physical engineering systems, they collectively demonstrate 

a broader methodological principle: decision quality 

improves when heterogeneous evidence is integrated 

rather than interpreted independently. 

Zhang et al. (2022) investigate the design, construction, and 

modeling of aircraft door sealing plates based on shape-

memory alloys. Maré and Fu (2017) review signal-by-wire 

and power-by-wire actuation for more-electric aircraft. 

These works illustrate increasing dependence on 

interconnected systems and integrated control 

architectures. For SAP manufacturing, the corresponding 

implication is that exception management should operate 

across functional boundaries rather than through isolated 

departmental alerts. 

The literature therefore reveals a research gap. The 

provided studies establish strong foundations for 

simulation, diagnosis, health assessment, risk evaluation, 

and system integration, but they do not address how these 

principles can be translated into an intelligent multi-agent 

architecture for enterprise exception management. The 

proposed study addresses this conceptual gap by treating 

manufacturing exceptions as distributed operational 

conditions requiring coordinated reasoning. 

METHODOLOGY 

3.1 Research Design 

This study adopts a conceptual design-science 

methodology. Rather than evaluating a deployed SAP 

implementation, it derives an architectural framework from 

the diagnostic and system-modeling principles represented 

in the provided literature. The methodology consists of five 

analytical stages: exception identification, contextual 

interpretation, agent-based reasoning, cross-functional 

impact assessment, and decision orchestration. 

The architecture follows the principle that an exception 

should progress through increasingly sophisticated 

reasoning stages. A raw event should first be validated, then 

classified, correlated with contextual information, 

evaluated for risk, and finally transformed into a 

recommended action. 

This architecture is conceptually aligned with Multi-Agent 

Generative AI Framework for Autonomous Exception 

Management in SAP S/4HANA Manufacturing, particularly 

its emphasis on autonomous exception interpretation and 

coordinated decision-making. 

3.2 Proposed Multi-Agent Architecture 

The proposed architecture contains six primary intelligent 

agents operating above the SAP transactional environment. 

3.2.1 Event Monitoring Agent 

The Event Monitoring Agent receives operational signals 

from production, inventory, procurement, maintenance, 

quality, and logistics processes. Its responsibility is not to 

determine the final response but to normalize 

heterogeneous events. 

For example, a production-order delay, machine-

performance deviation, or supplier delay may originate 

from different SAP processes. The monitoring agent 

converts these signals into a common exception 

representation containing event type, timestamp, affected 

object, severity indicators, and relevant business context. 

3.2.2 Anomaly and Prediction Agent 

The Anomaly and Prediction Agent evaluates whether an 

event represents an unusual or deteriorating condition. Its 

theoretical foundation is derived from the fault-detection 

literature, where abnormal system behavior is identified 

through simulation, signal analysis, and diagnostic models 

(Ding et al., 2021; Tang et al., 2019). 

In manufacturing, the agent could recognize patterns such 

as progressively increasing equipment downtime, recurring 

material shortages, unusual consumption, or repeated 

supplier delays. Instead of waiting for a hard threshold, the 

agent estimates whether the current trajectory is likely to 

generate a future exception. 



FEET, (2026)                                                                                                                                                               
 

  

https://irjernet.com/index.php/feet 4 

 

3.2.3 Root-Cause Reasoning Agent 

The Root-Cause Reasoning Agent investigates potential 

causes using historical relationships, process dependencies, 

equipment conditions, and transactional evidence. Its logic 

parallels engineering fault-diagnosis methodologies 

represented by Guo and Han (2013), Ma et al. (2021), and 

Zhou et al. (2022). 

For example, if a production order is predicted to miss its 

planned completion date, the agent should distinguish 

between material unavailability, equipment degradation, 

capacity overload, quality rework, and supplier delay rather 

than simply labeling the order as “late.” 

3.2.4 Production and Maintenance Agent 

This agent evaluates the interaction between equipment 

condition and production requirements. A maintenance 

exception should be evaluated against production schedules 

rather than independently. 

Suppose a critical machine demonstrates a progressively 

abnormal operating condition. The agent can assess 

whether immediate maintenance, controlled continued 

operation, production rescheduling, or spare-capacity 

activation would create the lowest operational risk. Duan et 

al. (2022) support the conceptual importance of health and 

risk assessment in such decisions. 

3.2.5 Supply-Chain Coordination Agent 

The Supply-Chain Coordination Agent assesses downstream 

and upstream effects. A shortage of one component may 

require supplier escalation, alternate sourcing, inventory 

reallocation, production sequencing, or customer-delivery 

adjustment. 

The agent therefore extends exception analysis beyond the 

originating SAP process. This is critical because an 

apparently local exception can become a system-wide 

constraint. 

3.2.6 Decision Orchestration Agent 

The Decision Orchestration Agent synthesizes outputs from 

specialized agents and determines the recommended 

response. It functions as the coordination layer rather than 

as an independent source of truth. 

Its decision model can be represented conceptually as: 

Exception Priority = Probability × Business Impact × 

Urgency × Propagation Risk 

The formula is not intended as a universal quantitative law; 

rather, it establishes a decision structure in which 

probability and operational consequence jointly determine 

escalation priority. This is conceptually consistent with risk-

oriented health assessment approaches such as those 

discussed by Duan et al. (2022). 

3.3 Shared Context and Agent Coordination 

A multi-agent architecture requires a shared operational 

context. Without shared context, specialized agents may 

produce locally reasonable but globally inconsistent 

decisions. 

The context layer should associate each exception with 

manufacturing orders, materials, equipment, suppliers, 

inventory, work centers, quality conditions, and delivery 

commitments. Agents exchange structured findings rather 

than isolated natural-language messages. 

For example, the anomaly agent may report that equipment 

degradation has a high probability of increasing downtime. 

The production agent then evaluates affected orders, while 

the supply-chain agent assesses delivery implications. The 

orchestration agent integrates these findings into one 

decision recommendation. 

This coordinated model reflects the systems-integration 

principle evident in the engineering literature, particularly 

where multiple analytical approaches are combined for 

redesign and optimization (Pappalardo et al., 2021). 

3.4 Predictive Exception Lifecycle 

The proposed lifecycle consists of six stages: sensing, 

validation, prediction, diagnosis, impact analysis, and 

response. 

During sensing, the architecture captures operational 

events. Validation eliminates incomplete or inconsistent 

events. Prediction determines whether the observed 

condition is likely to develop into a significant exception. 

Diagnosis estimates potential causes. Impact analysis 

evaluates production and supply-chain consequences. 

Response determines whether the issue should be 

monitored, escalated, simulated, recommended for 

intervention, or automatically resolved. 

This lifecycle moves exception management from a reactive 

model toward a predictive model. Instead of asking, “Which 

orders are already late?”, the system asks, “Which current 

conditions are likely to create late orders, why, and what 

intervention is available?” 

3.5 Human-in-the-Loop Governance 

Autonomous decision-making should not imply 

unrestricted automation. High-impact decisions require 

human validation, especially where production shutdowns, 

supplier changes, customer commitments, or major 

maintenance interventions are involved. 
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The architecture therefore assigns confidence levels to 

recommendations. High-confidence, low-impact actions 

may be automated, whereas uncertain or high-impact 

decisions are escalated to planners, maintenance engineers, 

procurement specialists, or supply-chain managers. 

This governance approach is especially important because 

predictive models can produce false positives. A system that 

continuously escalates low-risk deviations can create alert 

fatigue, reducing the practical value of intelligence. 

3.6 Hypothetical Manufacturing Scenario 

Consider a production line in which a critical machine 

begins exhibiting a progressive performance deviation. The 

Event Monitoring Agent detects the condition, while the 

Anomaly Agent determines that the deviation is statistically 

unusual. The Root-Cause Agent compares the condition 

with historical failure patterns. The Production Agent 

identifies several orders dependent on the machine, and the 

Supply-Chain Agent calculates potential delivery 

consequences. 

The Decision Orchestration Agent determines that planned 

preventive intervention is preferable to continued 

operation because the predicted downtime risk exceeds the 

cost of controlled maintenance. It recommends 

rescheduling selected orders and reallocating available 

capacity. If the confidence level is sufficiently high and 

organizational policy permits, the system may initiate 

predefined SAP workflow actions; otherwise, it presents the 

recommendation to a planner. 

The scenario demonstrates how engineering-style fault 

diagnosis can be translated into enterprise exception 

reasoning without replacing SAP's transactional role. 

RESULTS  

The conceptual analysis produces four principal findings. 

First, exception management benefits from decomposition 

into specialized reasoning functions. Engineering studies 

such as Ding et al. (2021), Ma et al. (2021), and Zhou et al. 

(2022) demonstrate that simulation, diagnosis, and fault 

analysis are distinct but complementary activities. 

Translating this principle into SAP S/4HANA suggests that a 

single general-purpose alerting mechanism should not be 

responsible for detection, diagnosis, impact analysis, and 

response. 

Second, predictive exception management requires 

contextual integration. A production deviation cannot be 

evaluated adequately without considering equipment 

condition, material availability, production schedules, and 

delivery requirements. The proposed shared-context 

architecture therefore provides a stronger decision basis 

than isolated alerts. 

Third, risk-based prioritization is more useful than binary 

exception classification. The health-assessment perspective 

represented by Duan et al. (2022) supports differentiation 

between low-risk and high-risk conditions. In the proposed 

architecture, probability, severity, urgency, and 

propagation risk determine escalation priority. This 

reduces the likelihood that every anomaly receives 

equivalent managerial attention. 

Fourth, multi-agent coordination creates a pathway from 

detection to intervention. The architecture transforms 

operational signals into a chain of analytical decisions: 

detect, predict, diagnose, evaluate, coordinate, and respond. 

The resulting framework is consistent with the autonomous 

exception-management direction described in Multi-Agent 

Generative AI Framework for Autonomous Exception 

Management in SAP S/4HANA Manufacturing. 

The findings also reveal important limitations. The 

architecture depends heavily on data completeness and 

process consistency. If equipment records, material data, 

production confirmations, or supplier information are 

inaccurate, agent reasoning may become unreliable. 

Furthermore, coordination among agents introduces its 

own complexity: contradictory recommendations, 

uncertainty propagation, and excessive automation can 

undermine decision quality. Therefore, the architecture 

should be interpreted as a decision-intelligence layer rather 

than an autonomous replacement for operational 

governance. 

DISCUSSION 

The proposed architecture contributes theoretically by 

connecting two traditionally separated analytical domains: 

engineering diagnosis and enterprise exception 

management. The provided engineering literature 

demonstrates how complex physical systems can be 

represented, simulated, diagnosed, and optimized. Ding et 

al. (2021) and Ma et al. (2021) illustrate fault simulation; 

Tang et al. (2019) demonstrates signal-oriented diagnosis; 

Duan et al. (2022) emphasizes health assessment and risk; 

and Pappalardo et al. (2021) demonstrates integrated 

analytical approaches for structural optimization. Together, 

these studies suggest that complex systems require layered 

reasoning rather than isolated threshold detection. 

The proposed SAP architecture applies this logic at the 

business-process level. A machine abnormality becomes 

meaningful only when linked to production capacity, order 

priorities, material availability, and supply-chain 

obligations. Consequently, the central contribution is not 

simply the introduction of multiple agents, but the 

coordination of specialized intelligence around a shared 

operational state. 
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From a practical perspective, the architecture can support 

earlier intervention. Consider a machine whose condition 

gradually deteriorates. Traditional exception handling may 

activate only after a failure or threshold violation occurs. 

Predictive multi-agent reasoning can instead identify the 

trajectory, determine affected production orders, assess 

inventory buffers, and recommend a controlled 

intervention. The resulting benefit is potentially lower 

disruption and more deliberate resource allocation. 

However, autonomy creates significant trade-offs. Greater 

automation can reduce response time but increase the 

consequences of incorrect decisions. A false prediction 

concerning equipment failure could trigger unnecessary 

maintenance, while an incorrect supplier-risk assessment 

could create avoidable procurement changes. Therefore, 

explainability and confidence scoring are essential 

components rather than optional interface features. 

The framework also faces scalability challenges. As the 

number of agents increases, communication overhead and 

decision conflicts may increase. A highly decentralized 

architecture can become difficult to govern if every agent 

independently modifies enterprise processes. The 

orchestration layer must therefore enforce decision 

policies, permissions, escalation thresholds, and 

auditability. 

The engineering literature also highlights the importance of 

validation. Schmiedel and Holzheimer (2016) emphasize 

interaction between nondestructive testing and strength 

analysis, while Zhang et al. (2022) address modeling and 

construction of aircraft door sealing plates. These studies 

indirectly reinforce the broader principle that 

computational reasoning should be connected to evidence 

and system behavior. For SAP applications, agent 

recommendations should similarly remain traceable to 

operational evidence. 

Another limitation concerns generalization. The provided 

references are concentrated in aerospace and hydraulic 

engineering rather than ERP systems. Therefore, the 

proposed framework represents a theoretically grounded 

architectural synthesis rather than empirical evidence of 

SAP performance improvement. Future research should 

validate the architecture using historical manufacturing 

datasets, simulated SAP event streams, and controlled 

comparisons between conventional and multi-agent 

exception management. 

Overall, the proposed architecture indicates that intelligent 

exception management should be understood as a closed 

analytical loop rather than an alert-generation mechanism. 

The loop begins with sensing and ends with validated 

intervention, while continuously incorporating feedback 

from operational outcomes. This principle is central to the 

autonomous-exception direction represented by Multi-

Agent Generative AI Framework for Autonomous Exception 

Management in SAP S/4HANA Manufacturing. 

CONCLUSION 

This research proposed an intelligent multi-agent 

architecture for predictive exception management in SAP 

S/4HANA manufacturing and supply chains. The framework 

was derived from the provided literature on simulation, 

fault diagnosis, health assessment, risk evaluation, and 

integrated system analysis. Its central proposition is that 

manufacturing exceptions should be treated as 

interconnected operational conditions rather than isolated 

alerts. 

The architecture assigns specialized responsibilities to 

event monitoring, anomaly prediction, root-cause 

reasoning, production and maintenance analysis, supply-

chain coordination, and decision orchestration agents. A 

shared context layer connects these agents to a common 

representation of manufacturing and supply-chain 

conditions, while confidence-based human governance 

controls high-impact decisions. 

The principal research contribution is the conceptual 

integration of engineering-style diagnostic reasoning with 

enterprise-level exception orchestration. The framework 

provides a pathway from reactive exception detection 

toward predictive, coordinated, and context-aware 

intervention. 

Nevertheless, implementation requires reliable data, robust 

agent coordination, explainability, governance, and human 

oversight. Future research should focus on empirical SAP 

S/4HANA implementations, quantitative evaluation of 

prediction accuracy, agent-conflict resolution, cost-benefit 

analysis, and controlled assessment of operational 

improvements. The long-term objective should not be 

unrestricted automation, but trustworthy intelligence 

capable of identifying emerging exceptions and 

coordinating timely decisions within established enterprise 

governance. 
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