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| ABSTRACT 

Multi-cloud architectures have become a predominant strategy in enterprise computing, necessitating robust messaging 

solutions that span heterogeneous environments. This article examines messaging platforms for multi-cloud deployments, 

analyzing workload patterns, implementation strategies, architectural approaches, and selection frameworks. The classification of 

messaging workloads in queue-based, publish-subscribe, and streaming patterns provides a foundation for understanding 

platform requirements. Three primary implementation strategies: separate trade-closes between portability-first backbones, 

cloud-country services with abstract layers, and special performance-focused solutions, domination, operational simplicity, and 

performance. Four architectural patterns emerge as an effective approach: federated cloud-country, integrated streaming 

backbone, event Aries, and edge-cloud control plane. A systematic decision structure enables organizations to select appropriate 

message platforms with commercial obstacles and technical barriers, incorporating cementic requirements, performance 

characteristics, message properties, operational factors, ecosystem integration, and cost structure. 

| KEYWORDS 

Multi-Cloud Messaging, Event-Driven Architecture, Message-Oriented Middleware, Cloud Integration, Distributed Systems. 

| ARTICLE INFORMATION 

ACCEPTED: 01 November 2025            PUBLISHED: 26 November 2025               DOI: 10.32996/jcsts.2025.7.12.22 

 

1. Introduction 

The spread of multi-cloud architecture represents a paradigm change in the enterprise computing strategy. Recent industry 

research on Silverchch technology shows that 94% of enterprises have implemented multi-cloud strategies by 2024, with 

organizations usually managing 2.7 public clouds and 2.3 private clouds simultaneously [1]. This architectural diversification 

delivers quantifiable benefits, as enterprises embracing structured multi-cloud frameworks have documented cost reductions of 

21-37% compared to single-cloud approaches, while improving disaster recovery metrics by 34.8% and reducing their datacenter 

footprint by 42% [1]. Organizations distribute workloads across multiple cloud service providers to mitigate vendor lock-in, 

enhance disaster recovery capabilities, and optimize for specific service offerings, though SilverTouch research indicates the 

average implementation timeline extends to 9.4 months with return on investment typically realized within 3.2 years [1]. 

 

This architectural diversity introduces significant challenges for messaging systems, which must maintain consistent semantics, 

performance characteristics, and operational models across heterogeneous environments. According to Aggregate Digital's 

comprehensive monitoring platform, 67.3% of multi-cloud messaging implementations experience consistency issues across 

provider boundaries, with latency variations averaging 23.8ms between equivalent services on different clouds [2]. Message-

oriented middleware serves as the communication backbone for distributed systems, enabling loose coupling between 

components while providing guarantees around message delivery, ordering, and processing semantics. Performance telemetry 

gathered by Aggregate Digital's Network Manager indicates enterprise messaging systems process an average of 317 million 

messages daily, with financial services organizations experiencing peak loads of 1.2 billion messages during high-volume trading 

periods [2]. 
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In multi-cloud deployments, these messaging platforms must bridge organizational boundaries, technical environments, and 

geographical regions while maintaining appropriate delivery guarantees for various workload patterns. Retail sector analytics 

collected by Aggregate Digital demonstrate sustained throughput requirements of 15,700 messages per second during peak 

shopping events, placing extraordinary demands on cross-cloud messaging infrastructure [2]. The financial implications of 

messaging service disruptions are substantial, with Aggregate Digital reporting average downtime costs ranging from $12,400 to 

$67,800 per minute across industries, underscoring the critical importance of robust messaging architecture in multi-cloud 

environments [2]. 

 

This article examines the principal considerations for selecting messaging PaaS solutions in multi-cloud environments, analyzes 

the capabilities of leading platforms, and proposes architectural patterns that balance cloud-native advantages with cross-

platform consistency. By establishing a systematic evaluation framework, organizations can align messaging infrastructure 

decisions with their specific workload characteristics, non-functional requirements, and architectural objectives. This analysis 

incorporates operational data from Aggregate Digital's monitoring of 9 major messaging platforms across 27 distinct 

deployment patterns, encompassing over 5.6 billion messages analyzed for delivery guarantees, latency profiles, and throughput 

consistency [2]. 

 

Aspect Characteristics 

Adoption Drivers Vendor lock-in mitigation, Disaster recovery enhancement, Service optimization 

Implementation 

Timeline 
Extended preparation, Medium-term ROI realization 

Technical Challenges Cross-provider consistency issues, Latency variations, Integration complexity 

Operational Demands 
High message volume processing, Peak load management, Cross-boundary 

communication 

Financial Implications Significant downtime costs, Infrastructure investment, and Operational overhead 

Table 1: Multi-Cloud Adoption and Challenges [1, 2] 

 

2. Messaging Workload Classification and Requirements Analysis 

Messaging systems can be categorized according to their primary communication patterns, each serving distinct application 

requirements. The selection of an appropriate messaging platform begins with the identification of these patterns within the 

target workload. Enterprise Integration Patterns research identifies 65 distinct messaging patterns across enterprise architectures, 

with organizations implementing an average of 12.7 patterns simultaneously in production environments [3]. The complexity of 

these integration topologies has increased by 37% since 2020, with message-driven architectures now representing 73.4% of 

enterprise integration scenarios [3]. 

 

Work Queue Pattern: This pattern facilitates task distribution with first-in-first-out (FIFO) processing and transactional 

guarantees. Such systems typically require dead-letter queues (DLQs), message deduplication, ordering guarantees, and 

potentially local transactions. Implementations include Azure Service Bus with its transactional capabilities and session support, 

and AWS SQS FIFO queues, which provide ordering and exactly-once processing through deduplication mechanisms. According 

to Hohpe's Enterprise Integration Patterns analysis, queue-based architectures account for 62.8% of asynchronous processing 

implementations, with 78.3% of financial transaction systems specifically adopting FIFO semantics to ensure processing integrity 

[3]. Production implementations demonstrate that properly configured dead-letter queues capture an average of 1.2% of total 

message volume for manual intervention, significantly enhancing system resilience [3]. 

 

Fan-out publish-co-operative patterns: This pattern enables the broadcasting distribution of events to many consumers, often 

including serverless functions, webhooks, and mother-in-law applications with filtering capabilities and diverse integration 

points. Notable implementation includes AWS SNS/Eventbridge, Azure Service Bus theme with Event Grid, and Google Cloud 

PUB/Sub. Wähner's 2024 analysis of data streaming architectures indicates that publish-subscribe topologies now handle 68% of 

event notification workloads across industries, achieving average fan-out ratios of 1:8.7 (publishers to subscribers) in production 

environments [4]. Real-time data streaming adoption has accelerated by 43% year-over-year, with approximately 1.7 million 

organizations now implementing event-driven architectures globally [4]. 

 

Streaming/Event Log Pattern: For workloads requiring high throughput, message retention, historical replay, and exactly-once 

processing semantics, streaming platforms like Apache Kafka (available as Confluent Cloud), Apache Pulsar, or NATS JetStream 

provide appropriate capabilities. These solutions often offer superior portability across cloud environments through consistent 
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APIs and replication mechanisms. The Data Streaming Landscape 2024 report documents that organizations implementing 

streaming platforms process an average of 5.6TB of event data daily, with financial services and telecommunications sectors 

exceeding 23TB daily in production environments [4]. Apache Kafka maintains 71.8% market share among streaming platforms, 

with Pulsar (12.3%) and NATS JetStream (7.9%) gaining adoption due to multi-cloud deployment capabilities and specialized 

performance characteristics [4]. 

 

Beyond these primary patterns, messaging platform selection must consider several non-functional constraints, including 

delivery guarantees, ordering requirements, transactional boundaries, message size constraints, retention capabilities, and 

connectivity requirements. Enterprise Integration Patterns research indicates that 84.7% of production incidents related to 

messaging infrastructure stem from misalignment between application requirements and platform capabilities, particularly 

around delivery semantics and ordering guarantees [3]. Organizations implementing systematic evaluation frameworks report 

67% fewer messaging-related outages and 43% faster mean-time-to-resolution for integration issues [3]. The exponential 

growth in message volumes—currently averaging 2.7 million messages daily per organization according to the Data Streaming 

Landscape 2024—necessitates rigorous requirements analysis to ensure appropriate platform selection [4]. 

 

Pattern Key Characteristics Primary Use Cases 
Implementation 

Examples 

Work Queue 

FIFO processing, Transactional 

guarantees, Dead-letter queues, 

Message deduplication 

Financial transactions, 

Order processing, Task 

distribution 

Azure Service Bus, AWS 

SQS FIFO 

Fan-out Publish-

Subscribe 

Event broadcast, Filtering 

capabilities, Multiple consumers, 

Integration diversity 

Notifications, Event 

distribution, Workflow 

triggers 

AWS SNS/EventBridge, 

Azure Service Bus 

Topics, Google Pub/Sub 

Streaming/Event Log 

High throughput, Message 

retention, Historical replay, 

Exactly-once processing 

Data analytics, Audit trails, 

Event sourcing, Complex 

event processing 

Confluent Cloud (Kafka), 

Apache Pulsar, NATS 

JetStream 

Table 2: Messaging Workload Classification [3, 4] 

 

3. Comparative Analysis of Multi-Cloud Messaging Strategies 

Three predominant strategies emerge for implementing messaging in multi-cloud environments, each with distinct advantages 

and limitations. According to DZone's multi-cloud resilience analysis, organizations implementing structured messaging 

strategies across cloud boundaries experience 76% fewer service disruptions and achieve 42% higher application availability 

compared to those with fragmented approaches [5]. This strategic decision significantly impacts operational metrics, with 

properly architected multi-cloud messaging reducing mean time to recovery (MTTR) by an average of 67% during regional 

service disruptions [5]. 

 

3.1 Portability-First Approach with Cross-Cloud Event Backbone 

This approach establishes a unified messaging substrate across cloud environments through platform-agnostic technologies. 

DZone's multi-cloud resilience study indicates that organizations adopting event backbone architectures achieve 99.99% 

message delivery success rates across regional boundaries compared to 98.7% with siloed implementations [5]. Confluent Cloud 

(Kafka) provides consistent Kafka APIs with Cluster Linking for multi-region and multi-cloud replication, maintaining byte-for-

byte mirroring of topics and consistent offset management. According to 2Factor's enterprise messaging analysis, Kafka-based 

implementations demonstrate 99.995% data consistency across regions with throughput capabilities averaging 23TB daily in 

financial services deployments [6]. Solace PubSub+ Event Mesh deploys interconnected event brokers across clouds and on-

premises environments, supporting open protocols with centralized routing and management, reducing cross-cloud integration 

complexity by 63% while maintaining sub-15ms average latencies [5]. Apache Pulsar offers geo-replication with tiered storage 

capabilities, achieving 84% storage cost reductions through intelligent tiering to object storage while maintaining millisecond-

level access to hot data [5]. 

 

3.2 Cloud-Native Services with Abstraction Layer 

An alternative approach leverages cloud-native messaging services in each environment while introducing an abstraction layer to 

normalize interfaces. DZone reports this strategy reduces operational overhead by 57% compared to self-managed solutions 

while decreasing total cost of ownership by 32.4% through optimization of provider-specific pricing models [5]. Implementation 

of abstraction through technologies like Dapr pub/sub building blocks provides consistent APIs while supporting pluggable 

brokers, reducing cross-platform integration code by 76.3% and accelerating developer onboarding from 23 days to 7 days for 

messaging tasks [5]. The CloudEvents specification establishes a consistent event envelope format across platforms, with 
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2Factor's analysis demonstrating 92.7% message transformation reduction and 89% higher interoperability success rates in 

heterogeneous environments [6]. This approach delivers significant operational advantages while maintaining reasonable 

portability, though 2Factor's research indicates that 34% of organizations experience at least one semantic mismatch incident 

quarterly, with resolution times averaging 4.7 hours [6]. 

 

3.3 Specialized Solutions for Performance-Critical Workloads 

For workloads with exceptional requirements around latency, throughput, or processing guarantees, specialized solutions may 

be appropriate. DZone's performance analysis reveals that purpose-built messaging systems deliver 74% lower latencies and 

168% higher throughput for targeted workloads compared to general-purpose alternatives [5]. For streaming analytics and long 

retention scenarios, Kafka-based platforms process an average of 1.8TB hourly with sub-40ms latencies while supporting 

retention periods exceeding 730 days at costs averaging $0.019 per GB monthly through tiered storage [5]. For ultra-low latency 

edge-to-cloud communication, NATS JetStream delivers microsecond-level performance with 2Factor documenting average 

message delivery times of 1.7ms at the 99th percentile across global deployments while supporting 2.3 million messages per 

second in optimized configurations [6]. These specialized approaches deliver exceptional performance for critical workloads, with 

2Factor reporting that 87.3% of organizations justify the additional architectural complexity through quantifiable business 

outcomes, including 73% faster transaction processing and 42% improved customer experience metrics [6]. 

 

Strategy Advantages Limitations Key Technologies 

Portability-First 

Backbone 

Consistent semantics, Cross-

region reliability, Unified 

development experience 

Higher infrastructure costs, 

Operational complexity, 

Specialized expertise 

requirements 

Confluent Cloud (Kafka), 

Solace PubSub+, 

Apache Pulsar 

Cloud-Native with 

Abstraction 

Operational simplicity, Cost 

optimization, Native service 

integration 

Semantic differences, Cross-

cloud latency, Integration 

complexity 

Dapr, CloudEvents, 

Native services with 

abstraction 

Specialized Solutions 

Superior performance, 

Workload-optimized 

capabilities, Specialized 

features 

Increased complexity, 

reduced portability, and 

Higher expertise 

requirements 

Kafka for streaming, 

NATS for low-latency 

Table 3: Multi-Cloud Messaging Strategies Comparison [5, 6] 

 

4. Architectural Patterns for Multi-Cloud Messaging 

Several architectural patterns have demonstrated effectiveness in production multi-cloud environments. According to Calsoft's 

multi-cloud architecture analysis, organizations that implement structured messaging patterns experience 67% fewer integration 

failures and achieve a 41% faster mean time to recovery during service disruptions compared to ad-hoc approaches [7]. These 

patterns represent field-validated approaches across diverse deployment scenarios. 

 

4.1 Federated Cloud-Native Pattern 

This pattern leverages cloud-native services in each environment with lightweight bridging mechanisms. Calsoft's research 

indicates that organizations adopting federated architectures reduce operational costs by 39% while decreasing time-to-market 

for new integrations by 57% compared to homogeneous approaches [7]. Native messaging services within each cloud provide 

operational simplification. At the same time, while Dapr pub/sub or similar abstraction layers normalize interfaces, reducing 

cross-cloud messaging code by 72% according to Calsoft's developer productivity metrics [7]. Serverless functions bridge 

domains where necessary, achieving 99.97% delivery reliability with average cross-region latencies of 112ms while reducing 

infrastructure costs by 34% through consumption-based pricing models [7]. This approach maximizes operational efficiency 

while maintaining reasonable portability and integration capabilities, though latency penalties averaging 37ms for cross-cloud 

communication may impact time-sensitive workloads [7]. 

 

4.2 Unified Streaming Backbone Pattern 

For organizations requiring consistent streaming semantics across environments, a unified backbone provides standardized 

capabilities. Calsoft's financial services benchmarks show that streaming backbone implementations achieve data consistency 

scores 3.2 times higher than alternative approaches while supporting processing volumes exceeding 8.7TB daily with sub-35ms 

latencies [7]. Confluent Cloud with Cluster Linking establishes a unified messaging plane with 99.995% cross-region replication 

reliability, while AWS MSK with MSK Replicator provides similar capabilities with native AWS integration, reducing management 

overhead by 76% compared to self-managed Kafka [7]. Event Hubs with Kafka protocol support enable Azure-native integration 



Multi-Cloud Messaging Platforms: A Comparative Analysis for Enterprise Architectures 

Page | 170  

with 96.8% client compatibility for existing Kafka applications [7]. This pattern delivers strong consistency guarantees across 

cloud boundaries but increases infrastructure costs by approximately 23% compared to siloed alternatives [7]. 

 

4.3 Event Mesh Pattern 

For heterogeneous environments with diverse protocols and integration requirements, GeeksforGeeks research demonstrates 

that event mesh topologies reduce integration complexity by 68% while supporting an average of 6.3 distinct messaging 

protocols per organization [8]. Solace PubSub+ Event Brokers establish interconnected networks with centralized routing, 

achieving 99.998% message delivery success rates and average latencies of 19.7ms across multi-region deployments [8]. 

Centralized event discovery mechanisms reduce configuration complexity by 82% and decrease misconfiguration incidents by 

91% compared to point-to-point approaches, with organizations reporting 73% fewer integration-related outages [8]. This 

pattern excels in environments with significant protocol diversity, though it requires specialized expertise present in only 28% of 

enterprise IT departments [8]. 

 

4.4 Edge-Cloud Control Plane Pattern 

For scenarios requiring ultra-low latency with edge computing elements, GeeksforGeeks edge architecture studies show that 

control plane implementations achieve latency reductions averaging 87% compared to cloud-centric architectures while 

decreasing bandwidth consumption by 76% through edge processing [8]. NATS JetStream provides microsecond-level 

communication with documented latencies averaging 320μs within edge zones and 2.3ms for edge-to-cloud communication, 

supporting throughput exceeding 2.7 million messages per second [8]. Optional persistence balances performance with 

reliability, achieving 99.997% message durability with minimal 1.8ms latency overhead, while lightweight clients consume 73% 

less memory and 68% less CPU on resource-constrained devices [8]. This pattern addresses specialized IoT and edge computing 

needs while maintaining cloud integration, though it introduces complexity requiring expertise in distributed systems design [8]. 

 

5. Decision Framework for Multi-Cloud Messaging Selection 

A systematic evaluation framework incorporates both functional and non-functional requirements when selecting messaging 

platforms for multi-cloud environments. According to Confluent's event streaming research, organizations implementing 

structured decision frameworks experience 72% fewer production incidents and achieve time-to-market improvements 

averaging 35% for new integration projects [9]. This decision framework enables organizations to select appropriate messaging 

solutions based on quantifiable metrics across six critical dimensions. 

 

Semantic Requirements: Assess delivery guarantees (at-least-once vs. exactly-once), ordering requirements, and transactional 

boundaries to ensure alignment with application needs. Confluent's analysis reveals that 65% of production incidents stem from 

semantic mismatches, with financial services organizations experiencing exactly-once processing requirements for 87% of 

transaction workflows compared to 34% for general notification systems [9]. Organizations implementing explicit semantic 

mapping during platform selection reduce data consistency issues by 78% while maintaining cross-environment processing 

guarantees with 99.98% reliability [9]. 

 

Performance Characteristics: Evaluate throughput needs, fan-out patterns, and latency SLAs to ensure the selected solution 

meets operational requirements. CloudEagle's multi-cloud research documents throughput variations of 3.2x between equivalent 

configurations across major providers, with performance-validated selections achieving 94% SLA compliance compared to 71% 

for capability-focused approaches [10]. Real-time applications typically require 99th percentile latencies under 23ms while batch 

processing workflows accept averages up to 850ms, necessitating environment-specific benchmarking with representative 

workloads [10]. 

 

Message Properties: Consider payload size constraints and retention requirements when evaluating platform capabilities. 

Confluent's messaging analysis shows that 93% of messages remain under 64KB, though specialized use cases frequently exceed 

platform limits, with organizations experiencing an average of 5.3 size-related incidents annually [9]. Retention requirements vary 

dramatically, with financial services maintaining 7-year retention for compliance while achieving 73% storage cost optimization 

through tiered storage architectures [9]. 

 

Operational Factors: Assess multi-cloud disaster recovery needs, networking requirements, and operational complexity to ensure 

alignment with organizational capabilities. CloudEagle reports that 76% of organizations underestimate operational complexity 

in multi-cloud environments, with private connectivity options reducing message delivery latencies by 34% while increasing 

direct costs by 27% [10]. Organizations with established cloud centers of excellence demonstrate 3.7x higher success rates for 

complex messaging implementations [10]. 
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Ecosystem Integration: Evaluate integration needs with existing systems and cloud-native services to optimize overall 

architecture. CloudEagle's 2024 survey reveals that 84% of enterprises maintain multiple messaging technologies simultaneously, 

with native integration capabilities reducing development time by 68% for new applications [10]. Organizations leveraging 

unified monitoring achieve mean time to detection improvements of 77% and incident resolution acceleration of 64% compared 

to siloed approaches [10]. 

 

Cost Structure: Analyze pricing models across providers, considering both direct costs and operational overhead. Confluent's 

TCO analysis demonstrates that operational costs typically exceed direct infrastructure expenses by 2.8x over three years, with 

fully-managed services offering 43% total cost advantages despite higher per-message pricing [9]. Organizations implementing 

cost-optimized selection frameworks report budget variance reductions of 67% through architectural optimization and proper 

capacity planning [9]. 

 

The framework should be applied through a systematic scoring mechanism with weightings aligned to organizational priorities 

and specific workload characteristics. Organizations applying structured assessment report 82% high alignment between 

platform capabilities and business requirements, for the average of 4.3/5 vs 2.9/5 with the post-Lagu satisfaction score [10]. 

 

Evaluation Factor Key Considerations Assessment Approach 

Semantic 

Requirements 

Delivery guarantees, Ordering needs, 

Transactional boundaries 

Application-specific mapping, Semantic 

consistency verification 

Performance 

Characteristics 

Throughput needs, Fan-out patterns, 

Latency SLAs 

Benchmark testing, Workload simulation, 

Performance validation 

Message Properties 
Payload size limits, Retention 

requirements 

Use case analysis, Regulatory mapping, 

Storage optimization 

Operational Factors 
Disaster recovery needs, Networking 

requirements, Operational complexity 

Operational readiness assessment, Skills 

evaluation, Connectivity planning 

Ecosystem Integration 
Existing system compatibility, Native 

service integration 

Integration landscape mapping, Protocol 

assessment, Monitoring strategy 

Cost Structure 
Direct infrastructure costs, Operational 

overhead, and scaling economics 

Total cost modeling, Growth scenario 

planning, Resource optimization 

Table 5: Decision Framework for Messaging Platform Selection [9, 10] 

 

6. Conclusion 

The selection of messaging platforms for the multi-cloud environment represents an important architectural decision with 

intensive implications for flexibility, operational efficiency, and commercial agility. Understanding the characteristics of the 

assignment, implementation strategies, architectural patterns, and evaluation framework, organizations can take informed 

decisions aligned with their specific requirements. Quar-based patterns provide the integrity of transactions for work 

distribution, while the published-co-operative models enable comprehensive phenomenon notification, and streaming platforms 

support high-trip data processing with historical repetition capabilities. The implementation strategies offer an integrated 

backbone to cross-cloud stability, which range from federated approaches to maximize operating efficiency. Architectural 

Pattern-Federated Cloud-President, Unified Streaming Backbone, Event Aries, and Edge-Cloud Control plane-from operational 

simplicity to protocol diversity to altra-lo latcanne requirements detect specific integration landscapes. Through the systematic 

evaluation of cementic requirements, performance characteristics, message properties, operational factors, ecosystems 

integration, and cost structure, an organization can select messaging platforms that balance cloud-indesiest benefits with cross-

platform stability, ensuring strong circulation in a rapidly complicated distributed architecture. 
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