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Abstract: 

The Digital Commerce architecture is changing from monolithic and tightly coupled to modular and 

composable, fundamentally changing. The need for organizational flexibility, expands, and the use of best of 

breed solution in a fragmented and multi supplier digital landscape is driving this shift. With MACH 

(Microservices, API-first, Cloud-native, and Headless), composable commerce enables organizations to 

construct useful components for a specific business requirement. Nonetheless, the drive for modularity creates 

substantial orchestration and integration challenges. This research paper reviews composable commerce 

integration architectures, focusing on legacy systems and its limitations. This paper also explains the rise of 

the composable development model. It analyzes essential design patterns, such as utilizing the Strangler Fig 

to modernize gradually, the Sidecar design for cross-cutting concerns, and the orchestration versus 

choreography trade-offs.  Further, it explores the advanced synchronization techniques namely Change Data 

Capture (CDC) and the Saga pattern to maintain state consistency The text contains the following empirical 

evidence of industry implementations through which the performance improvements are shown, such as a 

47% fall in system response times and a 65% speeding up of the deployment cycles. The report ends with a 

look at future trends such as Agentic AI orchestration and multi-tenant SaaS integration strategies. 
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Introduction 

The history of e-commerce architecture has shown a consistent trend of decoupling and flexibility over the 

years. Digital commerce, between the years 1995 and 2005, was mainly dominated by monolithic platforms. 

In this architecture, the user interface, business logic and database were embedded together in one code. The 

shift to mobile internet and omnichannel experiences exposed the ineffectiveness of these systems at merchant 

websites that were simple, even though they were initially useful. 

Organizations no longer operate in a monolithic world where big-bang replacement is usually considered too 

risky and too expensive. 

 

There are limitations in using headless solutions for e-commerce. Multi vendor management effortlessly 

integrates different best-of-breed tools. It typically involves the use of product information management 

(PIM), content management systems (CMS), best-in-class DAM and many other tools that connect via APIs. 

The technological transformation is in fact, a re-alignment of business capabilities with an IT delivery model, 

often referred to as Business Composability. When organizations apply composability to their business assets, 

they achieve the scale and pace needed to thrive in dynamic markets. 

 

In the post-COVID era, modularity is becoming quite prominent as companies want to operate at scale with 

more agility and resilience. With custom solutions that use IBM WCS, the connections between the front-end 

and back-end become very rigid when changes are made. Also, they do not allow upgrades and aren’t very 

scalable. As markets for digital commerce platforms grew to greater than $4.4 billion in 2021, the pressure to 

upgrade key infrastructure increased on firms towards API-driven, highly scalable solutions. 

 

The merging of such diverse services, however, creates a new architectural problem. The intricate design 

patterns required to replace a centralized controller by a distributed network of microservices include dealing 
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with data consistency, latency of service communication and orchestration. This examins how composable 

systems outperform legacy frameworks on deployment speed, operational efficiency, and organizational 

agility, while taking account the governance and integration challenges that come with such frameworks. 

 

The Evolution of E-Commerce Architectures: From Monolith to MACH 

The e-commerce architecture has transformed from simple static websites to a complex distributed system 

since the early 2000s. The first generation of platforms was primarily based on a monolithic architecture 

where every function, from product catalogues to payment processing, was a monolithic application. Early 

systems, including Amazon and eBay, were integrated applications so that anytime a developer made a minor 

change, he or she had to redeploy the whole application.  

 

According to a 2018 survey, 63% of businesses were still using legacy monolithic systems and 87% faced 

scaling issues during peak shopping seasons. The limitations became painfully evident during events like 

Black Friday when retailers had considerable downtime and slow page speed. Furthermore, the complexity 

of maintaining these architectures in e-commerce companies caused 62% of their IT budgets to be spent on 

maintenance. 

 

The transition toward modular and microservices-based architectures accelerated around 2015, driven by the 

need for faster release cycles. While monolithic platforms required 4-6 months to implement major updates, 

microservices-based systems could achieve comparable updates in 2-3 weeks. This evolution culminated in 

the MACH architecture principles: 

 

Pillar Definition and Core Benefit 

Microservices Specialized, independent services that can be deployed and scaled 

autonomously. 

API-First Functionality is exposed through APIs, allowing for seamless integration and 

"plug-and-play" capabilities. 

Cloud-Native Leverages the full power of the cloud for elastic scaling and high availability. 

Headless Decouples the front-end presentation layer from the back-end logic for 

ultimate UI flexibility. 

 

The shift to MACH is more than a technical change; it is a strategic imperative. Organizations adopting these 

principles have reported operational cost reductions of up to 30% through improved workflows and 

scalability. The decoupling of services allows each component—such as the checkout process or the payment 

module—to function as an independent microservice, enabling the rapid feature rollouts critical for 

maintaining a competitive advantage. 

 

Composable Architecture in the Enterprise Landscape 

Composable architecture helps organizations to improve efficiency and agility, as a part of a modern enterprise 

strategy. With respect to Indian entities like Reliance Retail, Tata Digital, and Marico, modular innovation 

bypasses the limits of traditional architectures to improve business performance by means of innovation. 

Composable systems leverage independent and reusable business components that help in rapid assembly of 

solutions in enterprises and the technical agility to adapt to changing customers’ needs.  

 

Business composability is a core idea of the change. The concept of applying service composability in 

business assets (business capabilities) is the starting point for achieving the scale and pace needed for business 

transformation. The method enables large, complex organizations to evolve rather than necessitating a grand 
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enterprise-wide rationalization initiative. Studies indicate organizations that embrace composable ideals are 

better able to launch new services and keep a competitive edge in fast-evolving markets. 

 

Technical and Operational Challenges 

Despite the clear benefits, the implementation of composable architecture introduces several challenges: 

1. Integration Complexity: Managing a distributed ecosystem of PIM, CMS, and DAM systems increases 

orchestration difficulty. 

2. Governance: Establishing clear boundaries and maintenance protocols for multiple independent services 

requires robust oversight. 

3. Workforce Readiness: The transition requires a cultural and technical shift in how teams develop and 

manage software. 

4. Operational Overhead: Managing multiple services across distributed environments can lead to 

increased complexity in testing and deployment. 

 

Traditional ERP systems, which were often rigid and challenging to customize, are being re-evaluated in favor 

of composable ERP architectures that enable organizations to assemble functional components tailored to 

their specific needs. This move overcomes the "vendor lock-in" and high customization costs associated with 

monolithic models, where each modification must be carefully managed to avoid breaking existing 

functionality. 

 

Design Patterns for Modernization: The Strangler Fig 

For organizations encumbered by large, business-critical legacy systems that cannot be taken offline, the 

"Strangler Fig" pattern offers a pragmatic path forward. Coined by Martin Fowler in 2004, the pattern is 

inspired by tropical fig trees that grow around a host tree, eventually replacing it. In software architecture, 

this involves wrapping a legacy application with new components and routing functionality through modern 

services until the original core is retired. 

 

Mechanism and Implementation 

The Strangler Fig pattern relies on a "Façade" or "Proxy" layer that intercepts all requests to the application. 

Initially, this layer simply passes requests through to the legacy monolith. As new microservices are 

developed—such as a modern checkout service—the façade redirects the specific calls for that function to the 

new service while routing the rest to the legacy system. 

 

Key elements of the Strangler Fig implementation include: 

● Anti-Corruption Layer (ACL): When legacy components must interact with new microservices, the 

ACL acts as an adapter or façade, translating between the outdated semantics of the monolith and the 

modern interfaces of the new services. 

● Incremental Validation: New microservices can be run in parallel with the original code to ensure they 

respond identically to the same inputs, drastically reducing the risk of system-wide failure during the 

transition. 

● Targeted Modernization: Organizations can focus on high-impact areas first—such as replacing a 

sluggish checkout system to reduce cart abandonment—delivering immediate value without a full-scale 

replat form. 

 

This evolutionary approach minimizes business disruption and allows for a gradual cultural and technical 

adoption of modern practices. It is particularly effective for large monoliths where the complexity of a 

complete refactor is too high. 

 

Distributed Coordination: Orchestration vs. Choreography 

In a distributed composable ecosystem, microservices must collaborate to satisfy complex business needs. 

This collaboration typically follows one of two patterns: orchestration or choreography. 
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Microservices Orchestration 

In orchestration, a central "brain" or controller manages and controls the interaction between microservices. 

The orchestrator is responsible for routing requests, coordinating service interactions, and ensuring that 

services are invoked in the correct order. This pattern is ideal for complex workflows requiring high levels of 

synchronization and coordination. 

 

Feature Orchestration 

Control Centralized 

Visibility High; easy to monitor and log from a single point 

Coupling Tighter; microservices depend on the controller 

Error Handling Simpler to manage as the state is centralized 

Failure Risk Single point of failure at the orchestrator 

 

Microservices Choreography 

In choreography, there is no central controller. Instead, each microservice is responsible for its own behavior 

and coordinates with other services through events and messages. Using an event broker like Kafka or 

RabbitMQ, services react to events as they occur, which enables a highly decoupled and flexible system. 

 

Feature Choreography 

Control Distributed 

Coupling Loose; services are independent 

Extensibility Simple; new services can be added without disrupting the flow 

Visibility Lower; difficult to track the end-to-end process 

Scalability High; no central bottleneck 

 

Decision Framework for Collaboration 

Selecting the appropriate pattern requires a weighted scoring mechanism that considers factors like coupling, 

chattiness, and design complexity. For example, choreography is preferred for wide-area network 

deployments where zero-interruption is essential, while orchestration is better for complex local-area 

processes requiring immediate response times. In many cases, a "hybrid" pattern is recommended, combining 

the loose coupling of choreography with the centralized visibility of a process engine. 

 

The Sidecar Pattern and Cross-Cutting Concerns 

As applications are decomposed into diverse components and technologies, the "Sidecar" pattern emerges as 

a vital tool for extending functionality without altering the core application. Much like a sidecar attached to a 

motorcycle, these auxiliary processes share the same lifecycle as the parent application. 

The Sidecar pattern is particularly useful for handling cross-cutting concerns such as: 

● Logging and Monitoring: A sidecar can stream logs from the filesystem to a central sink, allowing the 

main application to focus purely on business logic. 

● Security: Sidecars can add security controls like mutual TLS (mTLS) or encryption to components that 

lack native support for these features. 
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● Service Mesh Data Plane: Sidecar proxies handle traffic routing, retries, and telemetry across service 

instances. 

● Language Independence: Because the sidecar runs independently, one implementation can be used 

across applications written in different languages (polyglot environments). 

 

By utilizing process-level isolation, sidecars provide "guardrails" around critical pieces of the system, 

ensuring that non-essential failures do not impact the core business units. 

 

Data Management and State Consistency Patterns 

Maintaining data consistency in distributed commerce systems presents unique challenges, often shaped by 

the CAP theorem, which dictates that systems must choose between consistency, availability, and partition 

tolerance. Traditional approaches like the Two-Phase Commit (2PC) protocol offer strong consistency but 

introduce significant coordination overhead and latency, making them unsuitable for large-scale, high-traffic 

environments. 

 

The Saga Pattern 

The Saga pattern is an alternative to 2PC that reduces locking overhead while ensuring consistency across 

distributed transactions. It manages long-lived transactions as a sequence of smaller, local transactions, each 

with its own compensating transaction to undo changes if a subsequent step fails. 

 

Real-Time Synchronization Patterns 

In high-traffic e-commerce systems, selecting the right data handling algorithm is crucial for performance and 

scalability. Three primary models are typically considered: 

1. Change Data Capture (CDC): Identified as the "best bet" for real-time synchronization, CDC captures 

changes at the database level in real-time without the overhead of heavy polling. It offers the lowest 

latency and highest response times. 

2. Event Sourcing: This method logs every state change as an immutable event, providing a complete 

history and auditability. However, replaying logs to reconstruct the current state can be computationally 

demanding. 

3. Eventual Consistency: This model acknowledges that data may be temporarily inconsistent across nodes 

but will eventually reach a consistent state. This approach prioritizes high availability, which is essential 

for maintaining a positive customer experience during high-load scenarios. 

 

Modern platforms often implement a hybrid consistency approach: "Strong Consistency" (like 2PC or Saga) 

for critical operations like payment processing, and "Eventual Consistency" for less critical updates like user 

preferences or inventory status. 

 

Advanced Orchestration: Agentic AI in Composable Ecosystems 

As the modularity of digital commerce increases, so does the orchestration complexity of distributed systems 

like PIM, CMS, and DAM. Traditional middleware and workflow engines are often reactive and rule-bound, 

leading to "integration debt" that can nullify the agility of the architecture. 

To address this, recent research proposes "Agentic AI Orchestration Frameworks" that act as the "brain" of 

the composable ecosystem. This framework follows a four-layer architecture: 

● Layer 1: Perception Layer: Consumes data from APIs and webhooks to create a real-time representation 

of the environment. 

● Layer 2: Cognition & Planning Layer: Uses ML models to perform anomaly detection and dynamically 

coordinate microservices. 

● Layer 3: Execution Layer: Operates validated API actions to manage distributed services. 

● Layer 4: Learning & Governance Layer: Uses reinforcement learning to update policies based on 

reward signals from outcome metrics. 

Implementations of such frameworks have demonstrated a 40% improvement in deployment rates, a 30% 

reduction in development cycle times, and a significant increase in revenue during evaluation periods. 
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Performance and Reliability Benefits: Empirical Evidence 

The transition from monolithic to microservices-based composable architecture yields quantifiable benefits 

across several critical metrics. Research comparing these architectures has consistently shown that modular 

systems outperform traditional setups in scalability, latency, and resource utilization. 

 

Metric Monolithic Impact Composable/Microservices Benefit 

Response Time Avg. 3.6 - 4.2s Reduced by up to 47% (Avg. 1.9s) 

Scalability 60% degradation under 

load 

60% improvement in peak load handling 

Deployment Time Avg. 8.5 days Reduced by 65% 

Reliability (Uptime) ~97.5% Up to 99.95% 

Maintenance Effort 2.5 times higher Significant reduction through isolation 

Fault Recovery Slow baseline 75% faster recovery time 

 

Specific case studies, such as Amazon's transition, highlight a 45% reduction in server response times and a 

move to 99.5% uptime during peak periods. Furthermore, asynchronous commerce systems have shown a 

43% improvement in task completion rates and a 37% reduction in system response times compared to 

traditional synchronous implementations. These improvements are critical for retailers, as even small 

increases in latency have been linked to user dissatisfaction and direct losses in sales. 

 

Multi-Tenant SaaS and Multi-Microservice Integration 

The integration of multi-tenant SaaS architectures with microservices represents the next frontier for scalable 

e-commerce platforms. Multi-tenancy allows a single application instance to serve multiple customers 

(tenants) while ensuring logical data separation. 

Critical design considerations for multi-tenant integration include: 

● Database Partitioning Strategies: Architects must choose between "Database-per-Tenant" (strong 

isolation, high cost) and "Shared Database" (resource efficient, requires strict row-level security). 

● Tenant Isolation: Ensuring that one tenant's peak load or security breach does not affect others through 

network, compute, and data security isolation. 

● API Management: Utilizing API Gateways and Service Meshes (like Istio) to manage communication, 

load balancing, and security across distributed services. 

Combining multi-tenancy and microservices has been shown to increase concurrent user capacity by 400% 

and peak throughput by over 440%, providing a resilient foundation for the modern digital economy. 

 

Conclusion 

The shift from monolithic to composable commerce integration architecture represents a fundamental 

transformation in how digital enterprises operate. By leveraging the MACH principles and employing 

sophisticated design patterns like the Strangler Fig, Sidecar, and Saga, organizations can achieve 

unprecedented levels of agility, scalability, and performance. The empirical evidence underscores the 

disruptive power of these architectures, with significant reductions in latency and deployment cycles leading 

to improved customer satisfaction and revenue growth. 

 

However, the transition is not without its complexities. The challenges of service orchestration, data 

consistency, and organizational readiness require a disciplined architectural approach. The emergence of 

Agentic AI orchestration and the integration of multi-tenant SaaS models provide a roadmap for managing 

this complexity, offering "best-of-breed" capabilities without the "integration debt" of the past. As the digital 
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landscape continues to evolve, composable architecture will remain the strategic enabler for organizations 

seeking to thrive in a highly competitive, omnichannel market. 

 

REFERENCES: 

1. MEGARGEL, A., MADJELISI, A., POSKITT, C. M., & SHANKARARAMAN, V. (2021). 

Microservices Orchestration vs. Choreography: A decision framework. Proceedings of the 25th IEEE 

International Enterprise Distributed Object Computing Conference (EDOC 2021), 134-141. 

2. UPADHYAY, H. (2026). Agentic AI Orchestration Frameworks for Composable Commerce 

Ecosystems: A Case Study of Enterprise Transformation. American Journal of Technology, 5(1), 40-

54. 

3. Goswami, V. (2026). A Comparative Study of Synchronous vs Asynchronous API Orchestration in 

MuleSoft-Led Enterprise Modernization. International Journal of Emerging Trends in Computer 

Science and Information Technology, 7(1), 101-104. https://doi.org/10.63282/3050-9246.IJETCSIT-

V7I1P114 

4. GUNTAKANDLA, A. R. (2025). Microservices Architecture: Decomposing E-Commerce Monoliths 

into Scalable, Independent Services. Journal of Information Systems Engineering & Management, 

10(58s), 642-650. 

5. GUNTAKANDLA, A. R. (2025). Microservices and Modular Architecture: Revolutionizing E-

Commerce Scalability. Journal of Computer Science and Technology Studies, 7(4), 133-137. 

6. MEGARGEL, A., et al. (2021). Decision Framework for Microservices Orchestration vs. 

Choreography. SMU School of Computing and Information Systems Research. 

7. TIWARI, S., SHIRSATH, V., MOURYA, A., & PATIL, P. (2025). Real-Time Data Synchronization 

Optimization: A Comparative Analysis in Distributed E-Commerce Systems. International Journal for 

Research Trends and Innovation, 10(4). 

8. SARABU, A. R. (2025). Understanding asynchronous commerce: A paradigm shift in digital 

transactions. World Journal of Advanced Research and Reviews, 26(01), 3799-3808. 

9. NADHAMUNI, et al. (2023). Composable Architecture in Enterprise Landscape: Enabling Modular 

Innovation in Consumer and Commodity Industries. International Journal on Recent and Innovation 

Trends in Computing and Communication, 11(10), 1205-1211. 

10. (2022). Modernizing Ecommerce: Monolithic vs Headless vs Composable Commerce and Micro-

Frontends. International Journal of Islamic Education Research and Multiculturalism, 11(11), 654-

661. 

11. BASALLA, M., et al. (2021). On Latency of E-Commerce Platforms. Journal of Organizational 

Computing and Electronic Commerce, 31(1), 1–17. 

12. ANUSURU, A. K., et al. (2025). Transforming E-Commerce Platforms through Multi-Tenant 

Architectures and Microservices. International Journal of Computer Network and Information 

Security, 13(1), 221-228. 

 

https://www.ijirmps.org/
https://doi.org/10.63282/3050-9246.IJETCSIT-V7I1P114
https://doi.org/10.63282/3050-9246.IJETCSIT-V7I1P114

