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ABSTRACT: Event-driven cloud data integration has emerged as an effective approach for connecting heterogeneous
enterprise systems, enabling real-time information exchange, scalable data processing, and reliable coordination of
distributed business operations. Traditional integration architectures often depend on batch processing, centralized
middleware, and tightly coupled communication patterns, which can introduce latency, operational complexity, and
consistency challenges. This research examines an event-driven cloud data integration framework that combines stream
processing, distributed transaction management, and asynchronous messaging to improve interoperability across
enterprise applications. The proposed framework integrates event producers, message brokers, stream processing engines,
transaction coordination mechanisms, and cloud-based data repositories to support continuous data movement and
dependable processing. The methodology emphasizes event ordering, idempotent execution, duplicate detection, failure
recovery, transaction consistency, and observability. It also establishes an evaluation strategy based on processing
latency, throughput, transaction completion rate, data consistency, recovery time, and resource utilization. The
framework is designed to accommodate enterprise environments involving customer relationship management, enterprise
resource planning, supply chain management, and financial information systems. Particular attention is given to the trade-
offs between availability, scalability, and transactional guarantees in distributed cloud environments. The study provides
a structured foundation for evaluating event-driven integration strategies and identifying operational conditions under
which asynchronous processing can outperform conventional integration approaches. Its findings can guide enterprise
architects in designing resilient, maintainable, and scalable cloud integration platforms for modern digital business
operations.
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I. INTRODUCTION

The rapid expansion of cloud computing, distributed applications, and digital business processes has increased the need
for efficient integration among enterprise information systems. Modern organizations operate complex technology
environments that include enterprise resource planning (ERP), customer relationship management (CRM), supply chain
management, financial applications, analytics platforms, and cloud-native services. These systems frequently maintain
separate databases, expose different interfaces, and follow distinct processing schedules, making seamless data exchange
a significant technical challenge. Traditional integration approaches, including periodic batch transfers, centralized
middleware, and synchronous application programming interface (API) communication, can provide dependable
connectivity for specific workloads but may become inefficient when transaction volumes increase or business events
require immediate responses. Delayed synchronization can produce outdated information, while tightly coupled service
interactions can increase failure propagation and reduce system availability. Consequently, event-driven cloud data
integration has gained importance as an architectural approach that enables applications to communicate through events
representing meaningful changes in business or system state. Instead of requiring every application to communicate
directly with every other application, event-driven systems publish events to messaging infrastructure, allowing
authorized consumers to process relevant information independently. This model supports loose coupling, horizontal
scalability, asynchronous execution, and flexible integration across heterogeneous environments. Stream processing
extends these capabilities by continuously analyzing, transforming, filtering, and routing event data as it arrives.
However, adopting an event-driven model introduces additional challenges involving message duplication, ordering,
schema evolution, transaction boundaries, eventual consistency, and recovery from partial failures. Addressing these
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challenges requires an integrated architecture that combines efficient streaming mechanisms with clearly defined data
consistency and transaction management strategies.

Distributed transaction management is particularly important when a single business operation spans multiple services,
databases, or cloud platforms. For example, processing an enterprise sales order may require updating inventory
availability, recording the order, initiating payment authorization, and triggering shipment preparation. These activities
may occur in separate transactional environments that cannot participate in one conventional database transaction. A
failure after some operations have completed can leave systems temporarily inconsistent unless the architecture provides
suitable coordination and recovery mechanisms. Distributed transaction techniques, including two-phase commit,
transactional messaging, the transactional outbox pattern, idempotent consumers, and saga-based orchestration, address
different aspects of this problem. Nevertheless, each technique introduces trade-offs involving consistency guarantees,
availability, throughput, implementation complexity, and recovery behavior. Event-driven integration must therefore
distinguish atomicity within individual services from consistency across an entire business workflow. This research
focuses on designing a cloud-based integration framework that combines event publication, stream processing,
distributed transaction coordination, and operational monitoring to support reliable enterprise data exchange. Its principal
objectives are to define the architecture and responsibilities of integration components, establish mechanisms for
preventing message loss and managing duplicate events, and develop a systematic methodology for evaluating
performance and reliability. The study also examines how partitioning, consumer concurrency, retry policies, transaction
boundaries, and event ordering influence overall integration behavior. The intended contribution is a reusable
architectural and evaluation model for enterprise systems that require timely information exchange without sacrificing
operational resilience. Rather than assuming that one transaction protocol suits every workload, the framework
emphasizes selecting consistency mechanisms according to business criticality and explicitly validating their
performance under normal operation, peak workloads, and failure conditions.

Il. LITERATURE REVIEW

Event-driven architecture has developed as an alternative to tightly coupled integration models by allowing independent
applications to exchange information through events and messaging infrastructure. Earlier enterprise integration patterns
emphasized message channels, routers, translators, and centralized integration brokers, providing foundational principles
for connecting heterogeneous applications. Contemporary cloud environments extend these concepts through distributed
message brokers, managed event services, containerized consumers, and independently deployable microservices.
Publish-subscribe communication enables multiple consumers to react to a single event without requiring the producer
to know their identities or implementation details. This separation improves extensibility because new consumers can be
introduced without modifying existing producers. However, event-driven architectures also create challenges related to
event contracts, schema compatibility, message retention, delivery guarantees, and observability. Event schemas must
evolve without unexpectedly disrupting downstream applications, while brokers and consumers must handle bursts of
traffic and temporary service unavailability. Cloud platforms offer elastic infrastructure and managed messaging
capabilities, but these benefits depend on appropriate partitioning, capacity planning, access controls, and failure-
handling policies. Existing architectural approaches therefore provide a strong basis for scalable enterprise integration,
although the combination of streaming performance and cross-service transactional reliability requires further systematic
evaluation.

Stream processing research has focused on continuously processing unbounded data streams rather than waiting for
complete datasets to become available. Stream processing engines commonly support transformations, filtering,
aggregation, event-time processing, windowing, and stateful computation. These capabilities are valuable in enterprise
integration because business events can be validated and transformed before reaching downstream applications or
analytical repositories. Distributed streaming platforms can partition event streams across multiple processing instances,
increasing throughput and enabling parallel execution. Nevertheless, parallelism introduces complications involving
ordering, state management, checkpoint recovery, backpressure, and the handling of late-arriving or duplicated events.
Delivery semantics also influence correctness. At-most-once processing may lose events under certain failure conditions,
whereas at-least-once delivery can produce duplicates that consumers must handle safely. Exactly-once guarantees are
generally scoped to particular processing systems, state stores, or transactional boundaries; they do not automatically
guarantee atomic completion across every external database and service participating in an enterprise workflow.
Consequently, integration frameworks must define explicit boundaries for event ingestion, transformation, persistence,
and publication. Research on stream processing offers important techniques for improving latency and scalability, but
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these techniques must be combined with application-level consistency mechanisms to support reliable business
operations.

Distributed transaction management addresses the challenge of coordinating operations across independent data stores
and services. Traditional two-phase commit attempts to achieve atomicity by preparing participating systems before
coordinating a final commit, but distributed coordination may increase latency and create availability or resource-locking
concerns when failures occur. In contrast, saga-based approaches decompose long-running business transactions into
local transactions connected through events or commands, with compensating actions used when a workflow cannot
complete. The transactional outbox pattern helps prevent inconsistencies between database updates and event publication
by recording business changes and outgoing events within the same local transaction. ldempotent processing,
deduplication records, retry controls, and transactional consumers further improve resilience against message redelivery
and transient faults. These methods are complementary rather than interchangeable: their suitability depends on whether
a workflow requires strict atomicity, eventual consistency, long-running coordination, or recoverable business-level
compensation. Existing literature and established distributed-systems practices provide substantial guidance on these
mechanisms, yet enterprise deployments must evaluate their interaction with cloud elasticity, streaming workloads, and
operational constraints. This research addresses that integration requirement by proposing a unified evaluation framework
that considers transaction correctness, event-processing performance, failure recovery, and resource consumption
together.

I1l. RESEARCH METHODOLOGY

Research Design and Architectural Framework. The research adopts a design-oriented experimental methodology to
develop and evaluate an event-driven cloud data integration framework for heterogeneous enterprise systems. The
proposed architecture consists of event-producing applications, an event ingestion layer, a distributed message broker, a
stream processing layer, transaction management services, destination data stores, and a centralized observability
component. Event producers represent systems such as ERP applications, CRM platforms, inventory services, payment
applications, and order management systems. When a business operation changes the state of an application, the producer
generates a structured event containing an event identifier, event type, entity identifier, timestamp, schema version,
correlation identifier, and relevant business attributes. The ingestion layer validates event structure, authentication,
authorization, and basic data quality before accepting events for processing. A distributed broker buffers incoming events,
maintains partitioned logs, and enables independent consumer groups to process information according to their
operational requirements. The stream processing layer performs filtering, transformation, enrichment, validation, and
routing, while the transaction management layer coordinates reliable persistence and publication across relevant service
boundaries. Destination systems consume the resulting events and apply corresponding business updates. Centralized
monitoring collects information about throughput, processing latency, transaction outcomes, consumer lag, error
frequency, and resource utilization. The design emphasizes modularity, horizontal scalability, fault isolation, and
replaceable infrastructure components so that the framework can be implemented using different cloud providers and
compatible open-source technologies. Architectural decisions are documented through component responsibilities, event
contracts, transaction boundaries, failure scenarios, and consistency requirements. The research also defines a set of
functional requirements, including reliable event capture, duplicate-resistant processing, controlled retries, secure
communication, traceable business workflows, and recoverable transaction execution. Nonfunctional requirements
include bounded processing latency, predictable resource consumption, elastic scaling, and maintainable operational
behavior. These requirements establish the basis for subsequent implementation and evaluation rather than presuming
that the architecture automatically satisfies every objective.

Event Modeling, Ingestion, and Stream Processing. The second methodological stage defines representative enterprise
event flows and implements the event processing pipeline. Example events include order creation, inventory reservation,
customer record modification, payment authorization, shipment status changes, and financial transaction updates. Each
event follows a versioned schema to support compatibility between producers and consumers operating on different
release schedules. Schema validation checks required fields, data types, identifiers, timestamps, and permitted event
categories. Invalid events are rejected or redirected to a controlled dead-letter mechanism, with diagnostic metadata
retained for investigation. Valid events are published to broker topics organized by business domain and processing
requirement. Partition keys are selected according to the entity whose events require ordered processing, such as an order
identifier or inventory item identifier. This design seeks to preserve ordering within a relevant partition while allowing
independent entities to be processed concurrently. The stream processing layer applies normalization, enrichment,
filtering, routing, and selected stateful operations. Where event-time analysis is necessary, timestamps and watermark
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policies are used to manage late-arriving records. Checkpointing and durable state recovery are configured according to
the selected streaming platform. Backpressure is monitored to identify situations in which event ingestion exceeds
downstream processing capacity. Consumer concurrency, batch size, partition count, checkpoint interval, and broker
retention are treated as configurable experimental variables. The implementation also introduces event identifiers and
idempotency keys to prevent repeated delivery from generating unintended business effects. Consumers record
processing outcomes and distinguish transient errors, such as temporary network failures, from permanent errors, such
as invalid business data. Retry policies use bounded attempts and controlled backoff, while messages that exceed the
permitted retry threshold are moved to a dead-letter queue. Correlation identifiers connect events belonging to the same
business workflow, enabling end-to-end traceability across services. The methodology additionally evaluates schema
evolution through backward-compatible and intentionally incompatible changes to determine whether consumers
continue operating safely during application upgrades. Security controls include encrypted communication, service
authentication, least-privilege topic permissions, and protection of sensitive business fields. Together, these measures
create a reproducible processing pipeline for examining event correctness, scalability, and resilience.

EVENT-DRIVEN CLOUD DATA INTEGRATION FOR ENTERPRISE SYSTEMS

Using Stream Processing and Distributed Transaction Management
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Figure 1: Event-driven cloud data integration pipeline featuring real-time stream processing and distributed transaction
management.

Distributed Transaction Management and Consistency Control. The third stage establishes transaction coordination
strategies for business operations that span multiple enterprise services. The primary design distinguishes local database
atomicity from cross-service workflow consistency. For services that must publish events following database changes,
the transactional outbox pattern is adopted as a baseline. Business updates and corresponding outbox records are
committed within one local database transaction, after which a relay publishes the recorded events to the broker. This
approach reduces the risk that a database update succeeds while its associated event is lost because publication fails.
Consumers implement idempotent handling by recording event identifiers or idempotency keys alongside relevant
business changes. Where supported, the consumer's deduplication record and business update are committed in the same
local transaction. This prevents redelivered messages from repeating completed operations. For workflows involving
several independent services, a saga model is used to coordinate local transactions through commands, events, and
explicit workflow states. If a later step fails, the orchestrator or choreography mechanism initiates suitable compensating
actions, such as releasing a reservation or cancelling an uncompleted order. Compensation is treated as a business
operation rather than a universal rollback because external effects, including completed payments or dispatched
shipments, may not be perfectly reversible. Two-phase commit is included as a comparison where participating systems
support a common distributed transaction protocol and strict atomicity is justified. Its coordination overhead and failure
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behavior are measured against the more asynchronous alternatives. The methodology defines invariants for each
workflow, such as preventing duplicate financial postings, prohibiting shipment confirmation before required
authorization, and ensuring that inventory reservations cannot exceed configured business constraints. Fault-injection
experiments simulate broker interruptions, consumer crashes, database unavailability, delayed acknowledgements,
duplicate delivery, and failures between successive saga steps. After each experiment, the system is inspected for lost
events, repeated side effects, unresolved transactions, and violations of defined business invariants. Recovery is evaluated
through event replay, retry execution, outbox reconciliation, and compensation completion. Transaction logs, event
identifiers, and correlation metadata provide the evidence needed to reconstruct execution sequences. The design also
records the limits of each guarantee, particularly where external services do not support idempotency, transactional
messaging, or reliable status reconciliation.

Experimental Setup, Metrics, and Evaluation Procedures. The final stage evaluates the proposed framework through
controlled experiments using representative enterprise integration workloads. The test environment may use
containerized producers, broker nodes, stream processors, relational databases, and destination-service simulators
deployed on a cloud or equivalent distributed infrastructure. Infrastructure specifications, software versions, network
settings, resource allocations, partition counts, and transaction configurations are recorded to support reproducibility.
Workloads include steady-state event traffic, burst traffic, mixed read-and-write operations, high-contention entity
updates, and long-running multi-service workflows. Baseline configurations include synchronous API integration, batch-
based data transfer, and event-driven processing without advanced transaction coordination. These baselines enable
comparisons of architectural trade-offs rather than assuming universal superiority for the proposed framework. The
primary performance metrics are end-to-end event latency, throughput in events per second, transaction completion rate,
error rate, consumer lag, resource utilization, and recovery time following injected failures. Latency is reported using
mean, median, 95th-percentile, and 99th-percentile measurements to expose tail behavior. Throughput is measured under
progressively increasing event rates until saturation or unacceptable error levels occur. Correctness metrics include the
number of lost events, duplicate business effects, unresolved workflows, and detected violations of application invariants.
Recovery experiments measure how quickly processing resumes and whether all recoverable events eventually reach a
valid terminal state. Resource measurements cover processor utilization, memory consumption, storage activity, and
network traffic. Each configuration is tested across repeated runs after a warm-up period, with workload duration and
input data held consistent where practical. Results are summarized using descriptive statistics and confidence intervals;
suitable statistical tests are applied when the experimental design and data distributions justify them. Sensitivity analysis
examines the effects of partition count, consumer concurrency, retry limits, checkpoint frequency, and transaction
strategy. The analysis identifies conditions in which additional coordination reduces throughput or increases tail latency,
as well as conditions in which asynchronous buffering improves performance. No numerical performance improvement
is assumed in advance: results must be generated from actual experimental execution and reported with the corresponding
configuration details. The study concludes by comparing observed results against the predefined requirements,
documenting implementation limitations, and assessing threats to validity, including synthetic workload realism,
infrastructure variability, data distribution, and differences between simulated external services and production enterprise
applications. This process provides an evidence-based assessment of the framework's performance, transactional
reliability, and suitability for cloud-based enterprise integration.

IV. RESULTS AND DISCUSSION

The proposed event-driven cloud data integration framework demonstrates how stream processing and distributed
transaction management can improve data exchange, operational responsiveness, and consistency across interconnected
enterprise systems. The framework is designed to capture business events generated by enterprise resource planning
platforms, customer relationship management applications, supply chain systems, financial services, and cloud-native
microservices. These events are transmitted through a distributed messaging infrastructure and processed by scalable
stream-processing components before being delivered to subscribed applications. The expected evaluation focuses on
event-processing latency, throughput, transaction consistency, fault tolerance, and resource utilization. Compared with
conventional batch-oriented integration approaches, event-driven processing can reduce the delay between business-
event generation and downstream application updates. Continuous event consumption also enables enterprises to respond
more quickly to order modifications, inventory changes, payment confirmations, and customer-service requests.
However, actual performance improvements depend on event volume, network conditions, message-broker
configuration, processing complexity, and the number of connected systems. Consequently, the framework should be
evaluated using representative workloads and established integration baselines before quantitative performance
advantages are claimed.
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The integration of distributed transaction management strengthens reliability when a single business operation involves
multiple services or databases. Since independent cloud services cannot always participate in one traditional atomic
transaction, the framework can employ saga-based coordination, transactional outbox patterns, idempotent event
handlers, and compensating actions to manage distributed operations. For example, an order-processing workflow may
require inventory reservation, payment authorization, shipment scheduling, and customer notification. If payment
authorization fails after inventory has been reserved, a compensating action can release the reserved stock and restore the
workflow to a consistent business state. Similarly, the transactional outbox pattern can help prevent inconsistencies
between database updates and event publication by recording business changes and outgoing events within the same local
database transaction. Stream processors can use event identifiers, sequence information, and deduplication mechanisms
to handle repeated or delayed messages. These techniques improve recoverability and reduce the likelihood of duplicate
business actions. Nevertheless, eventual consistency remains an important consideration because different services may
temporarily observe different states while an operation is progressing. Appropriate transaction boundaries, timeout
policies, retry limits, and reconciliation procedures are therefore essential for maintaining dependable enterprise
operations.

Scalability and fault tolerance represent additional dimensions of the proposed framework. Distributed message
partitions, consumer groups, horizontal service scaling, and asynchronous processing can support increased workloads
without requiring every connected application to operate at the same processing speed. Backpressure management helps
prevent downstream services from becoming overwhelmed when event production exceeds consumption capacity.
Durable message storage and replay capabilities also enable recovery after temporary outages, while monitoring systems
can identify consumer lag, processing failures, retry accumulation, and unusual transaction patterns. These capabilities
are particularly relevant to enterprise environments that integrate geographically distributed applications and operate
across multiple cloud services. However, adding distributed components introduces operational complexity, network
overhead, and additional infrastructure costs. Excessive retries may amplify congestion, while incorrect partitioning can
create processing bottlenecks or disrupt event ordering. Therefore, successful implementation requires careful capacity
planning, observability, schema governance, security controls, and automated recovery policies. Overall, the results
framework indicates that combining stream processing with distributed transaction management offers a practical
foundation for responsive and resilient enterprise integration, provided that its performance and consistency
characteristics are validated under realistic operating conditions.

V. CONCLUSION

Event-driven cloud data integration provides an effective architectural approach for connecting heterogeneous enterprise
systems through asynchronous communication, continuous event processing, and loosely coupled service interactions.
The proposed framework combines event producers, distributed message brokers, stream-processing engines, and
enterprise application consumers to facilitate timely information exchange across operational boundaries. By replacing
tightly coupled, periodically synchronized integration mechanisms with event-based communication, organizations can
improve application responsiveness and support business workflows that require rapid information availability. Events
generated by order management, financial processing, customer relationship management, inventory control, and supply
chain applications can be processed continuously and distributed to relevant services without requiring every system to
communicate directly with every other system. This architectural separation improves flexibility and allows individual
components to evolve independently. Furthermore, scalable message consumption and asynchronous processing provide
opportunities to accommodate variable workloads and integrate new enterprise applications with fewer changes to
existing systems. The framework is particularly useful for organizations pursuing cloud modernization, microservices
adoption, and real-time business intelligence. Nevertheless, event-driven integration should not be considered a universal
replacement for batch processing or synchronous communication. Workloads involving periodic reconciliation, large
historical transfers, or immediate request-response requirements may still benefit from complementary integration
patterns. An appropriate architecture should therefore be selected according to business requirements, consistency
expectations, operational constraints, and application characteristics.

Distributed transaction management is essential for ensuring that asynchronous communication supports reliable business
outcomes rather than merely rapid message delivery. The study emphasizes the importance of saga orchestration,
idempotent processing, transactional outbox implementation, compensating transactions, and systematic reconciliation
for managing operations across independent services. These techniques address common challenges involving partial
failures, duplicate events, delayed messages, and temporary inconsistencies. The architecture should also incorporate
secure event transmission, access control, encryption, schema validation, audit logging, and centralized observability to
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protect sensitive enterprise information and improve operational transparency. Despite these advantages, distributed
integration introduces challenges related to eventual consistency, event ordering, infrastructure costs, debugging, and
recovery coordination. Organizations must define measurable service-level objectives and validate the system against
realistic throughput, latency, failure-recovery, and consistency requirements. Because quantitative experimental
measurements are not established in this conceptual evaluation, claims concerning specific performance gains should
remain provisional until supported by reproducible testing. In conclusion, event-driven cloud integration combined with
appropriate distributed transaction controls offers a scalable foundation for modern enterprise connectivity. Its long-term
effectiveness depends on disciplined architecture design, automated governance, continuous monitoring, and alignment
between technical mechanisms and business transaction requirements.

VI. FUTURE WORK

Future research should investigate the performance of the proposed framework under diverse enterprise workloads,
including sustained high-volume streams, unpredictable traffic bursts, geographically distributed transactions, and mixed
workloads involving real-time and batch-oriented applications. A controlled experimental environment could compare
event-driven integration with conventional enterprise service buses, synchronous API orchestration, and scheduled batch
integration. Evaluation metrics should include end-to-end event latency, throughput, transaction completion time,
message duplication rate, processing backlog, recovery time, resource utilization, and infrastructure cost. Experiments
should examine how message partition counts, consumer concurrency, serialization formats, network distance, and
stream-processing window configurations affect overall performance. Workload generators could simulate realistic
order-management, payment-processing, inventory-update, and customer-service scenarios. Failure injection would help
determine system behavior during broker outages, database unavailability, network partitions, and consumer crashes.
Repeated experiments with documented configurations and statistically appropriate analysis would improve
reproducibility and enable meaningful comparisons. Researchers should also examine how workload characteristics
influence the selection of transaction-coordination mechanisms, especially when some business processes require strict
invariants while others can tolerate eventual consistency. The resulting evidence could support practical guidelines for
selecting suitable event-processing architectures across different enterprise environments.

A second research direction involves intelligent automation for transaction coordination, failure prediction, and resource
management. Machine learning models could analyze historical event rates, consumer lag, processing duration, retry
frequency, and infrastructure utilization to forecast bottlenecks before they disrupt business services. Predictive scaling
mechanisms could adjust consumer capacity according to expected demand while considering startup delays, resource
limits, and cloud expenditure. Intelligent recovery policies could recommend retry strategies, isolate repeatedly failing
messages, and prioritize transactions according to business criticality. However, automated decisions must preserve
explicit consistency rules and remain subject to operational safeguards. Future systems could combine policy-based
transaction management with Al-assisted anomaly detection to identify abnormal transaction sequences, duplicate
business events, and suspicious access patterns. Explainable decision mechanisms would help operators understand why
a workflow was delayed, retried, compensated, or temporarily suspended. Research should also investigate privacy-
preserving event analytics, confidential data handling, encryption overhead, identity federation, and fine-grained
authorization across cloud boundaries. For mission-critical workflows, formal verification and model-based testing could
help establish whether orchestration logic preserves important invariants during concurrent execution and partial failures.
Such methods would strengthen confidence in autonomous recovery without assuming that predictive models alone can
guarantee transaction correctness.

Further work should explore interoperability and governance across hybrid-cloud and multi-cloud enterprise
environments. Organizations frequently operate legacy databases, on-premises applications, commercial enterprise
platforms, and cloud-native services with different messaging protocols, security requirements, and data representations.
Future frameworks could introduce standardized event envelopes, schema registries, version-management policies, and
automated compatibility testing to simplify integration across these systems. Cross-region replication and disaster-
recovery mechanisms should be evaluated for their effects on ordering, consistency, data residency, and recovery
objectives. Researchers could also investigate sustainable stream processing by measuring energy consumption,
computational efficiency, and the environmental cost of redundant event retention and excessive retries. Digital twins of
enterprise workflows may provide controlled environments for testing new transaction policies before deployment. In
addition, industry case studies across manufacturing, healthcare administration, retail, banking, and logistics could
establish how business criticality and regulatory obligations influence architectural choices. Longitudinal evaluations
would help identify operational challenges that short laboratory experiments may overlook, including schema evolution,
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growing event histories, organizational ownership, and incident-response coordination. Ultimately, future research
should aim to develop a reference architecture that integrates measurable performance, reliable transaction recovery,
adaptive resource allocation, comprehensive security, and transparent governance. Such a framework would enable
enterprises to adopt event-driven integration more confidently while balancing responsiveness, consistency, resilience,
cost, and regulatory compliance.
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