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Abstract:  Edge computing, IoT, and microservices—on their own, each has value. But together, they’re 

quietly reshaping how distributed commerce actually works. Businesses today want more speed, more 

flexibility, and experiences that feel tailored. That’s where this trio starts to shine. This review gathers a mix 

of recent studies, practical insights, and conceptual thinking to unpack how these technologies interact on the 

ground. It digs into system design, shows how latency gets reduced, and how scaling and reliability are 

handled under pressure. It also doesn’t ignore the messy bits—implementation hurdles, uneven results, or 

trade-offs teams face in real settings. All told, the evidence suggests that this combined approach isn’t just 

clever—it’s one of the more realistic paths forward for commerce that actually keeps up. 

 

Index Terms - Edge computing, IoT, Microservices, Distributed commerce systems. 

1.INTRODUCTION 

In recent years, digital commerce has experienced a major transformation, largely driven by the convergence 

of three critical technologies: edge computing, the Internet of Things (IoT), and microservices architecture. 

Traditionally, commerce platforms operated on centralized, monolithic systems. While reliable in earlier 

digital eras, these systems often suffer from issues related to latency, scalability, and inflexibility—especially 

in today's demand for real-time, data-driven responsiveness [1]. As the line between online and in-store 

shopping fades, customers now expect everything to happen instantly. That’s why businesses need systems 

that can quickly adjust to shifts in what people want, what’s available, and what services are running. 

Edge computing is changing how things work by placing data processing right where it’s needed—on the 

retail floor, inside a warehouse, or built into a smart vending machine. Doing the work locally cuts down 

delays and makes everything more responsive, which really matters in things like fraud checks or keeping 

shelves stocked [2]. At the same time, IoT devices are always picking up detailed info—what the 

environment’s like, how people interact, what systems are doing. That stream of data becomes the eyes and 

ears of modern commerce. Add microservices into the mix—breaking big systems into smaller, standalone 

pieces—and you get a setup that’s easier to manage, quicker to update, and built to grow [3]. 

The synergy between these technologies is particularly relevant in today’s research landscape. With the push 

toward Industry 4.0 and smart infrastructure, distributed commerce systems are enabling everything from 

predictive restocking in warehouses to personalized recommendations at the point of sale [4]. Furthermore, 

global disruptions like the COVID-19 pandemic highlighted the limitations of centralized systems. Businesses 

needed platforms that could shift gears fast, stay connected across scattered networks, and keep running even 

when parts went down. That’s where systems built on edge computing, IoT, and microservices came in. They 

didn’t just patch the gaps—they offered a solid, flexible answer to some of the biggest challenges companies 

faced [5]. 

http://www.ijcrt.org/


www.ijcrt.org                                                            © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882 

IJCRT2506868 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org h381 
 

These developments are not limited to technical improvements; they represent a broader shift in how 

commerce systems are built and how they interact with the physical world. They support the emergence of 

decentralized, responsive platforms capable of integrating with emerging technologies such as AI, blockchain, 

and 5G [6]. It’s changing how businesses make money, too. Real-time pricing, smart ads that react to your 

surroundings, and flexible subscriptions are all part of the shift. These services are now closely tied to what 

people are doing—and needing—in the moment [7]. 

Even with all the progress, some big hurdles are still in the way. Making sure different devices can talk to 

each other smoothly, keeping data safe across a spread-out network, and running services without hiccups are 

all still being figured out [8][9][10]. And while microservices sound great for scaling, juggling hundreds of 

moving parts in real-world systems is still a tough, messy job [11]. 

 

This review takes a closer look at where distributed commerce systems stand today, especially how edge 

computing, IoT, and microservices come together to build smarter, faster platforms. It breaks down major 

research efforts, key design approaches, and what’s still missing—offering a clear path forward for both 

researchers and industry teams. 

Year Title Focus Findings (Key results and 

conclusions) 

2016 Microservices: A 

Systematic 

Mapping Study 

Microservices 

architecture 

Identifies core benefits of 

microservices in scalability and 

maintainability, emphasizing their 

impact on distributed systems [13]. 

2017 The Emergence 

of Edge 

Computing 

Edge computing 

foundations 

Proposes edge computing as a critical 

paradigm for latency-sensitive 

applications; outlines challenges in 

deployment [14]. 

2018 A Survey on the 

Edge Computing 

for the Internet of 

Things 

Edge-IoT 

convergence 

Highlights edge computing's role in 

improving IoT data processing; 

proposes a three-layer edge 

architecture [15]. 

2018 Security and 

Privacy 

Challenges in 

IoT-Enabled 

Smart 

Environments 

IoT security Discusses critical vulnerabilities in 

IoT systems and advocates for 

lightweight encryption and secure 

communication channels [16]. 

2019 A Review of 

Microservices 

Architecture 

Microservices 

deployment 

Offers a taxonomy of microservices 

architecture; emphasizes dynamic 

scaling and fault isolation in cloud-

native apps [17]. 

2020 A 

Comprehensive 

Review of Edge 

Computing 

Research 

Edge infrastructure Surveys current edge computing 

applications; proposes future work in 

orchestration and real-time AI [18]. 

2021 Intelligent Edge 

Computing for 

IoT-Based Smart 

Industries 

Edge AI in Industry 

4.0 

Explores integration of AI at the edge 

for manufacturing; proposes real-time 

analytics for operational efficiency 

[19]. 
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2021 A Framework for 

IoT and 

Microservices 

Integration 

IoT-microservices Introduces a layered framework 

combining RESTful APIs and 

microservices for real-time data 

fusion [20]. 

2022 Orchestrating 

Microservices in 

IoT Edge 

Networks 

Microservices 

orchestration 

Proposes a container-based 

orchestration model for low-latency 

services in edge-based IoT 

environments [21]. 

2023 Decentralized E-

commerce Using 

Microservices 

and Edge AI 

Commerce systems Demonstrates a decentralized 

commerce model using microservices 

and federated edge AI for 

personalization [22]. 

 

Table: Summary of Key Research in Distributed Commerce Systems 

In-Text Citations 

These key studies will be referenced throughout the review to contextualize and support the analysis of trends 

and developments in the field [13]–[22]. 

2. Proposed Theoretical Model for Distributed Commerce Systems 

2.1 Overview 

A theoretical framework for distributed commerce systems integrates Edge Computing, IoT devices, and 

Microservices architecture to achieve scalable, responsive, and intelligent commercial applications. This 

synergy facilitates real-time processing, scalable orchestration, low-latency decision-making, and 

context-aware computing, making it ideal for modern commerce environments such as e-commerce 

platforms, smart retail, logistics, and digital supply chains [23][24]. 

2.2 Block Diagram: System Architecture 

Below is a conceptual block diagram representing the layered structure of a distributed commerce system. 

Figure: High-Level Block Diagram of Distributed Commerce System 
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2.3 Model Components 

IoT Layer (Perception Layer) 

This layer includes various physical devices (sensors, actuators, cameras, RFID, etc.) that collect real-time 

data about the environment, inventory levels, user behavior, and location. These devices form the foundation 

for context-aware commerce [25]. 

 Functionality: Data acquisition, real-time updates. 

 Examples: Smart shelves in retail, GPS tracking in logistics. 

 Challenges: Heterogeneity, energy constraints, standardization [26]. 

Edge Computing Layer (Processing Layer) 

Here, raw IoT data is processed close to the source using edge nodes, reducing latency and bandwidth usage. 

This layer may employ AI models, data filtering, and local storage, enhancing the system’s ability to make 

decisions near real-time [27]. 

 Functionality: Real-time inference, data aggregation, local orchestration. 

 Tech Stack: Edge AI models (e.g., TensorFlow Lite), Kubernetes for orchestration. 

 Example: Detecting abnormal shopping patterns to prevent fraud in retail POS systems [28]. 

Microservices Layer (Application Layer) 

Microservices decompose the application into independent services, each responsible for a specific task (e.g., 

billing, inventory, user authentication). This modularity enhances fault tolerance, scalability, and ease of 

maintenance. 

 Communication: RESTful APIs, gRPC, message queues (Kafka, RabbitMQ). 

 Deployment: Docker containers, managed by Kubernetes or similar orchestrators. 

 Benefits: Easier to update individual services, better DevOps integration [29]. 

Cloud Services Layer (Control Layer) 

The final layer deals with global coordination, historical data analytics, large-scale AI training, and 

storage. It integrates data from multiple edge zones and provides overarching insights, optimization, and 

business rule execution. 

 Functionality: Long-term storage, historical analytics, global orchestration. 

 Cloud Providers: AWS, Azure, GCP. 
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Figure: Proposed End-to-End Commerce System Workflow 

2.4 Integration Strategy 

The seamless integration of IoT, edge, and microservices layers requires the following key strategies: 

1. API Standardization: RESTful and GraphQL APIs for service communication. 

2. Containerization and Orchestration: Docker, Kubernetes, and service meshes (e.g., Istio) help 

manage microservices at scale [30]. 

3. Security Protocols: TLS, JWT for secure communication between edge and cloud components. 

4. Data Governance: Ensuring GDPR and HIPAA compliance for commerce-related data. 

Discussion and Implications 

The proposed model has significant implications: 

 Latency Optimization: By leveraging edge computing, response times for customer-facing services 

are drastically reduced [31]. 

 Decentralized Intelligence: Incorporating AI at the edge enables decision-making closer to data 

sources, reducing dependence on cloud round-trips. 

 Fault Isolation: Microservices ensure that a failure in one component does not bring down the entire 

system [32]. 

 Modularity and Agile Development: Microservices promote parallel development and faster 

innovation cycles. 

However, several implementation challenges must be addressed, including interoperability between 

devices, security at the edge, resource limitations, and service orchestration complexities. 
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3.Experimental Results and Evaluation 

To validate the proposed theoretical model of distributed commerce systems, this section compiles results 

from key empirical studies and simulated evaluations. These findings highlight the impact of edge computing, 

IoT integration, and microservices architecture on system latency, throughput, resource utilization, and 

fault tolerance. 

3.1. Performance Evaluation Metrics 

Experiments in this area often evaluate systems based on: 

 Latency (ms): Time to respond to client requests. 

 Throughput (req/sec): Number of requests processed per second. 

 Scalability: System performance as load increases. 

 CPU/Memory Usage: Resource consumption efficiency. 

 Fault Recovery Time: Time to resume operation post-failure. 

3.2. Key Findings 

Empirical evidence shows that microservices deployed on edge-enabled platforms provide faster response 

times, better load distribution, and lower resource consumption when compared to traditional monolithic 

architectures or cloud-only deployments. 

 

Architecture 

Type 

Avg. 

Latency 

(ms) 

Throughput 

(req/sec) 

Avg. 

CPU 

Usage 

(%) 

Recovery 

Time (s) 

Monolithic 

(Cloud-only) 

450 2700 85 18 

Microservices 

(Cloud) 

310 3400 72 12 

Microservices 

+ Edge + IoT 
120 4800 55 4 

 

Table: Comparison of Architecture Models under E-commerce Load (5000 requests/sec) 

Source: Adapted from [33], [34], [35] 
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3.3. Graphical Analysis 

 

Figure: Latency Comparison 
 

 
Figure: Average latency across system architectures for 5000 concurrent  

requests [33] 

Figure: Throughput vs. Load 

 

 
Figure: Throughput scalability analysis comparing edge-integrated systems to cloud-only systems [34] 
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3.4. Detailed Experimental Observations 

Latency Improvement 

Edge-enabled microservices showed up to 73% reduction in response time under peak load. Edge devices 

performed localized filtering and inference, significantly reducing round-trip time to central servers [33]. 

Fault Tolerance and Resilience 

Microservice containers deployed with Kubernetes and Istio service mesh recovered from service crashes 

within 4–5 seconds, compared to 12–18 seconds for monoliths [35]. 

Resource Efficiency 

Due to decentralization, CPU and memory usage decreased by over 30% in edge-enabled systems. Load 

balancing and service decomposition allowed for dynamic resource scaling, optimizing performance under 

load spikes [36]. 

Scalability and Load Balancing 

When tested with increasing traffic (from 1000 to 10,000 requests/sec), edge-microservice systems scaled 

linearly, whereas monolithic systems plateaued around 3000 requests/sec [34]. 

3.5. Real-World Case Studies 

 

Alibaba’s Edge Commerce Platform 

Alibaba deployed edge nodes near urban clusters to support its Singles Day sales event. Edge nodes performed 

local product recommendations and stock updates, reducing central load by 60% and improving page load 

time by 25% [37]. 

Walmart’s Retail Edge System 

Walmart’s smart stores used IoT cameras and shelf sensors coupled with edge analytics to track in-store 

inventory. This hybrid model reduced manual inventory checking by 65% and increased shelf-restock 

compliance by 40% [38]. 

Conclusion 

The experimental evidence strongly supports the viability and superiority of distributed commerce systems 

built on edge computing, IoT integration, and microservices. These systems not only outperform traditional 

models in latency and throughput but also exhibit enhanced resilience, scalability, and efficiency. 

4. Future Directions 

As distributed commerce keeps evolving, future research should pay attention to several key directions: 

4.1. Federated Edge Intelligence 

Using federated learning at the edge lets multiple nodes train a shared model together—without moving data 

around—helping to protect privacy and cut down on delays [39]. Applying federated models across distributed 

commerce platforms can significantly improve personalization and real-time decision-making without 

compromising user data. 

4.2. AI-Driven Microservice Orchestration 

While Kubernetes and Docker Swarm provide baseline orchestration, future systems must incorporate AI-

based orchestration mechanisms that dynamically adjust service deployment based on real-time workload and 
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network context [40]. Some choices need quick decisions. That’s where reinforcement learning and genetic 

algorithms help optimize containers and resources dynamically. 

4.3. Blockchain for Distributed Trust 

To ensure secure and auditable transactions in decentralized commerce systems, integrating blockchain 

technologies with microservices and edge nodes is a promising direction. Blockchain could be used to verify 

transactions at the edge without needing centralized verification, thereby reducing bottlenecks [41]. 

4.4. Energy-Efficient Edge Nodes 

As more edge nodes come online, the push for energy-smart computing becomes harder to ignore. Future 

research should explore low-power chips, smarter workload balancing, and energy-harvesting sensors to help 

distributed commerce go greener [42]. 

4.5. Semantic Interoperability Standards 

A big hurdle in getting different devices to communicate well is the lack of shared meaning across systems. 

Future research needs to build smarter, ontology-based standards that let data and services move freely across 

platforms [43]. 

4.6. Integration with 6G and Beyond 

Emerging wireless standards such as 6G will offer ultra-low latency, massive device density, and integrated 

AI at the network edge. Integrating distributed commerce systems with these next-gen networks could unlock 

transformative capabilities in immersive retail (AR/VR), drone-based delivery, and autonomous commerce 

agents [44]. 

5. Conclusion 

This review looked closely at how edge computing, IoT, and microservices are changing distributed 

commerce. Each has its strengths. But together, they tackle core challenges like scaling, real-time response, 

and fault tolerance. From theory to practice—models, experiments, real-world cases—the evidence suggests 

they outperform older, monolithic systems in ways that genuinely matter for today’s digital environments. 

Making all these technologies click isn’t straightforward. Security issues linger. Orchestration is messy. 

Standards? Still all over the place. And getting different systems to cooperate is harder than it sounds. What’s 

ahead? Likely smarter automation, better privacy tools, and smoother integration across devices. If AI and 

networking keep evolving, these systems could become the backbone of everyday digital commerce. 
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