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Abstract 

The rapid growth of data-driven technologies, the Internet of Things (IoT), and artificial intelligence 

has amplified the demand for real-time processing and decision making in business operations. 

Traditional cloud computing often faces limitations in latency, bandwidth, and security when handling 

time-sensitive data. Edge computing has emerged as a transformative paradigm that processes data 

closer to its source, thereby reducing response time and enabling instantaneous insights. Edge 

computing is enabling real-time decision making through localized data analytics. It processes 

information closer to its origin, and therefore achieving faster response times, and enhanced operational 

efficiency. industries such as manufacturing, healthcare, finance, and retail, can get the benefits of edge 

solutions in terms of predictive maintenance, personalized customer engagement, fraud detection, and 

efficient supply chain management. While the technology presents significant opportunities, it also 

introduces critical challenges regarding infrastructure setup, security vulnerabilities, and network 

reliability. This article explores the transformative impact of edge computing on real-time business 

decision making, highlighting both the opportunities and the hurdles organizations must overcome to 

maximize value. This study concludes that while edge computing offers unprecedented opportunities for 

enhancing real-time decision making in business operations, organizations must adopt a balanced 

approach that addresses the associated technical, financial, and security challenges. 

Keywords; Edge Computing, Real-Time Analytics, Business Operations, Artificial Intelligence, 

Decision Making, Digital Transformation. 

INTRODUCTION 

In the contemporary digital economy, the ability to make rapid, data-driven 

decisions is increasingly recognized as a critical determinant of organizational 

competitiveness and sustainability. Organizations are increasingly relying on 

massive volumes of data generated from sensors, connected devices, enterprise 

systems, and customer interactions. These data streams, encompassing everything 

from customer transactions and industrial machine readings to supply chain 

movements and healthcare monitoring, hold immense potential to improve 

operational decision making. Traditionally, these data streams have been 

transmitted to centralized cloud servers for processing and analysis, which are then 

used to inform decision making. While cloud computing has transformed how 

businesses store and process information, it is not without limitations, particularly 

in scenarios that demand real-time responses. The latency associated with 

transmitting data to and from centralized servers, combined with bandwidth 

constraints, poses significant challenges for industries that require immediate 

insights. Edge computing refers to a distributed computing framework where data 

is processed at or near the “edge” of the network, closer to end-users and devices, 

rather than being fully dependent on centralized cloud servers. Edge computing 

significantly reduces latency, enhances speed, and allows businesses to act on data 

in real time. For example, in manufacturing plants, edge-enabled systems can 

instantly detect equipment anomalies and trigger preventive measures; in retail, 

customer behaviour can be analysed in real time to deliver personalized 

recommendations; and in logistics, dynamic routing decisions can be optimized 
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instantly to reduce costs and improve delivery timelines. 

The importance of real-time decision making cannot be 

overstated in the modern business landscape. Decisions 

made too late often translate into lost opportunities, reduced 

customer satisfaction, or increased operational risks. Edge 

computing directly addresses this challenge by enabling 

analytics and decision making at the point of action, thereby 

allowing organizations to respond proactively rather than 

reactively. In industries such as healthcare, for instance, 

real-time monitoring of patient vitals using edge devices can 

lead to immediate interventions, potentially saving lives. 

Similarly, in financial services, the ability to detect and 

respond to fraudulent transactions within milliseconds is 

critical for ensuring trust and security. In competitive 

markets characterized by globalization, rapidly evolving 

consumer demands, and technological disruption, delayed 

decision making can result in missed opportunities, 

diminished customer satisfaction, or heightened operational 

risks (Kumar et al., 2021). For instance, a manufacturing 

facility that employs edge-enabled sensors for predictive 

maintenance. By detecting subtle anomalies in machinery 

performance and acting on these insights instantaneously, 

downtime can be reduced, productivity maintained, and 

costly equipment failures could be avoided. Processing data 

at or near its source reduces reliance on expensive 

bandwidth for constant data transmission, thereby lowering 

operational costs. Moreover, edge-enabled systems enhance 

resilience in environments with unstable or limited 

connectivity, ensuring continuity of critical business 

functions even when cloud access is interrupted 

(Satyanarayanan, 2017). Edge computing becomes the 

necessity of modern businesses, however, there are certain 

challenges also in the integration of edge computing with 

business operations. Organizations must address the 

complexity of deploying and managing distributed 

infrastructures, ensuring interoperability between 

heterogeneous devices, and maintaining robust 

cybersecurity across numerous edge nodes. Additionally, 

the need for a skilled workforce capable of managing edge 

architectures, developing edge-native applications, and 

integrating these systems with existing cloud-based 

platforms (Mahmud, Kotagiri, & Buyya, 2018). 

Edge Computing: Evolution 

Edge computing can be defined as a distributed 

computing paradigm that brings computation and data 

storage closer to the sources of data generation, with the 

objective of improving response times and conserving 

bandwidth (Shi, Cao, Zhang, Li, & Xu, 2016). Unlike the 

traditional cloud model, where data must traverse long 

distances to centralized servers, edge computing localizes 

processing at network edges—such as routers, gateways, or 

end devices themselves. The concept evolved in response to 

the explosive growth of the Internet of Things (IoT), where 

billions of devices generate continuous streams of data that 

require immediate analysis. Cloud systems remain 

indispensable for long-term storage, large-scale machine 

learning model training, and cross-enterprise analytics, 

whereas edge systems excel in localized, real-time decision 

making (Bonomi, Milito, Zhu, & Addepalli, 2012). Edge 

architectures vary according to use case but generally 

include three tiers [Figure 1.1]: 

Tier-1: Edge Devices: Sensors, IoT devices, or 

embedded systems that directly collect and process 

data. 

Tier-2: Edge Nodes/Gateways: Intermediate devices 

that aggregate data from multiple sources and perform 

pre-processing before sending it to the cloud. 

Tier-3: Cloud Backend: Centralized servers that handle 

long-term storage, deeper analytics, and orchestration 

across multiple edge nodes. 

 

Figure 1.1 Edge Architecture 

LITERATURE REVIEW 

Edge computing has emerged as a complement to cloud 

computing for latency-sensitive, bandwidth-constrained, 

and privacy-focused applications (Andriulo, 2024). Recent 

comprehensive reviews emphasize this architectural shift 

and its relevance to Internet of Things (IoT) deployments 

and cyber-physical systems. A major strand of the literature 

highlights the benefits of edge-enabled analytics and control 

for real-time decision making. Empirical and case studies 

report meaningful latency reductions and improved privacy 

guarantees when sensitive raw data is kept local and only 

aggregated or derived information is sent to the cloud 
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(Kapoor, 2025). However, many studies note that measured 

benefits vary strongly with workload characteristics, 

network conditions, and the specifics of deployment. 

Surveys of Edge AI document the techniques used to enable 

on-device intelligence (quantization, pruning, knowledge 

distillation, TinyML) and discuss trade-offs among model 

accuracy, latency, and resource consumption (Singh, 2023; 

On-Device AI surveys, 2025).  

These works establish that while state-of-the-art models 

can often be adapted for edge constraints, doing so requires 

careful co-design of models and runtime stacks to preserve 

decision quality under severe compute, memory, and energy 

limits. Security, trust, and privacy are recurring concerns in 

the literature on edge-based decision systems. 

Methodological and evaluation gaps are prominent in 

existing work.  

Multiple authors argue that evaluation remains 

fragmented: researchers frequently report isolated metrics 

such as latency, throughput, or model accuracy without 

connecting these to business-level outcomes such as 

downtime avoided, or cost per decision. In summary, the 

literature establishes the technical foundations and 

promising applications of edge computing for real-time 

decision making, but several cross-cutting gaps remain. 

Notably, there is a need for standardized, business-oriented 

evaluation frameworks and benchmarks; robust lifecycle 

and update mechanisms for Edge based solutions. This 

article seeks to extend the current understanding of edge 

computing by addressing the critical gaps identified in 

existing research and contributes to the development of a 

business-oriented evaluation framework. 

Opportunities Offered by Edge Computing 

Edge computing offers several advantages over 

conventional cloud models. Some of them are given below: 

(i) Low Latency and Faster Decision Cycles 

The most prominent advantage of edge computing is its 

ability to minimize latency by processing data near its 

source. Organizations deploying edge computing 

experience up to 75% reduction in response times and 

up to 35% boost in decision making speed. This enables 

instantaneous decisions in critical environments, 

ranging from automated industrial processes to 

emergency healthcare interventions (Satyanarayanan, 

2017). 

(ii) Enhanced Efficiency and Cost Reduction 

Business data could be filtered and processed 

locally; organizations can reduce the volume of 

information transmitted to cloud servers. This 

lowers bandwidth costs and reduces dependence on 

centralized infrastructure, ultimately improving 

operational efficiency (Shi & Dustdar, 2016). 

 

(iii) Improved Customer Experience 

In sectors like retail and entertainment, real-time 

personalization is crucial. Edge computing enables 

businesses to analyse consumer behaviour in the 

moment, offering dynamic recommendations, 

seamless augmented reality experiences, and 

location-specific services. 

 

(iv) System Resilience and Autonomy 

Edge systems maintain functionality even when 

cloud connectivity is disrupted. For industries 

operating in remote areas—such as mining, 

shipping, or agriculture—this resilience ensures 

business continuity. Edge computing empowers 

businesses to run AI and machine learning 

algorithms locally, automating responses and 

optimizing processes with minimal delay. Sectors 

such as manufacturing, healthcare, and logistics 

benefit from smarter, autonomous systems 

operating independently of network constraints. 

 

(v) Data Privacy and Compliance 

Processing sensitive data locally minimizes the risk 

of breaches during transmission and ensures 

compliance with data sovereignty regulations. This 

is particularly relevant in healthcare, finance, and 

government services (Mahmud et al., 2018). 

 

A study was conducted by me with a sample data 

set obtained from secondary sources. The data has 

12 characteristics like age, of customer, region, 

income group, gender, religious belief etc. The data 

has been uploaded and processed by edge nodes as 

well as by cloud servers in a simulator. The 

constraints have been applied properly to limit the 

network speed and processing power in edge nodes. 

This study was done by me to compare cloud vs 

edge benefits. I am including here the result of this 

comparison [Figure 2.1].  

The edge device demonstrates 12x lower transmission 

latency due to local processing, eliminating the need for data 

to travel over a network. The edge device achieves 5.4x 

faster inference per data point, highlighting its efficiency in 

processing individual predictions even when performed in 

resource-constrained environments. The edge device 

achieves 11.7x higher throughput, making it more suitable 

for high-frequency data processing. 
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Figure 2.1 Edge Vs Cloud Latency 

Challenges in Implementation of Edge Architecture 

While edge computing offers transformative 

opportunities for real-time decision making, its adoption in 

business operations is accompanied by several challenges 

that organizations must address strategically. I am 

highlighting following challenges that needs to be addressed 

while implementing Edge based model: 

(i) Infrastructure Complexity 

Initial deployment of edge infrastructure—devices, 

sensors, gateways—requires significant investment 

and can be costly and difficult for small and mid-

sized organizations. 

 

(ii) Security and Compliance Risks 

Edge devices expand a company’s digital footprint 

and potential attack surface, increasing risks of data 

breach and cyberattack. While local processing 

reduces some risks, distributed systems expand the 

attack surface. Each edge node becomes a potential 

vulnerability (Roman, Zhou, & Lopez, 2013). 

 

(iii) Network Reliance and Data Management 

Reliable connectivity is essential to edge solutions, 

yet network disruptions remain a threat to real-time 

operations. As volumes and diversity of edge data 

grow, companies must tackle issues of data 

standardization, synchronization, and effective 

management across distributed systems. 

 

(iv) Managing Distributed Data 

Ensuring data consistency, accuracy, and governance 

across multiple nodes is complex. Businesses must 

develop robust strategies for synchronization 

between edge and cloud systems. 

 

(v) Balancing Edge and Cloud 

Edge cannot replace cloud computing entirely. 

Organizations must design hybrid systems that 

balance localized real-time insights with large-scale 

cloud analytics. 

Role of Real-Time Decision making in Business 

Operations 

In today’s globalized markets, speed has become a 

critical dimension of competitive advantage. Organizations 

are expected not only to deliver products and services 

efficiently but also to adapt rapidly to changing customer 

needs, supply chain disruptions, and emerging market 

opportunities. Real-time decision making is, therefore, not a 

luxury but a necessity for sustaining competitiveness 

(Brynjolfsson & McElheran, 2016). Traditional centralized 

systems face inherent limitations in enabling real-time 

decisions. Latency—defined as the delay between data 

generation and actionable insight—can severely impact 

operations where immediacy is critical. For instance, in 

autonomous driving, even a delay of 100 milliseconds could 

result in accidents. Similarly, in high-frequency trading, 
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milliseconds determine the difference between profit and 

loss. Bandwidth constraints pose another challenge. As 

billions of IoT devices transmit data to the cloud, networks 

face congestion that compromises responsiveness. 

Furthermore, reliance on centralized data centers raises 

resilience issues; any disruption in connectivity can paralyze 

operations dependent on timely insights. 

 

Figure 3.1 Edge Data Analytics Benefits 

Edge computing directly addresses these needs, enabling 

organizations to move beyond reactive models and toward 

proactive, real-time decision making frameworks [Figure 

3.1]. Today’s consumers expect personalized, seamless, and 

immediate interactions with businesses. Real-time decision 

making plays a vital role in meeting these expectations. In 

retail, for example, companies use in-store sensors and 

online behaviour analytics to offer customers dynamic 

recommendations and targeted promotions at the moment of 

purchase. Amazon’s recommendation engine, which 

continuously processes customer activity to suggest 

products, is a prime example of leveraging real-time insights 

to drive sales and customer loyalty. Similarly, in banking, 

real-time transaction monitoring allows institutions to 

personalize offers, adjust credit limits instantly, or notify 

customers about unusual activity, thereby enhancing trust 

and engagement. In the financial sector, real-time fraud 

detection systems analyse millions of transactions per 

second, flagging suspicious activity instantly and preventing 

losses. A delay of even a few seconds could expose 

institutions and customers to significant risks. Real-time 

decision making also fuels innovation by allowing 

businesses to experiment with new services and respond 

quickly to market changes. For example, Ola and Uber like 

ride sharing platforms rely on real-time algorithms to match 

riders with drivers, adjust pricing dynamically, and optimize 

routes. 

Edge based Real Time Decision Making 

This suggested framework [Figure 4.1] provides a 

layered architecture ensuring latency reduction, resilience, 

and secure model updates. It connects real-time edge 

decisions to enterprise systems, ensuring measurable KPIs 

like reduced downtime, cost savings, and improved service 

reliability. It also offers a testable model for evaluating edge 

computing in real business contexts with both technical and 

organizational metrics. 

 

Figure 4.1 Edge Enabled Real-Time Decision-making 

Framework 

Edge-Enabled Real-Time Decision making Framework 

(ERTDMF) 

a) Data Sources (Perception Layer): IoT devices, 

sensors, RFID tags, mobile applications, and 

enterprise databases generate continuous streams of 

operational data. Example: sensors on a 

manufacturing line, GPS trackers on delivery 

vehicles, or smart shelves in retail. 

b) Edge Processing Layer: Local edge servers or 

gateways perform immediate preprocessing: data 

cleaning, filtering, and compression. Lightweight 

AI/ML models run inference close to the source for 

anomaly detection, demand prediction, or risk 

assessment. It will ensure low-latency decision 

support even under poor connectivity. 

c) Decision Orchestration Layer: It integrates edge 

analytics with business rules and policies. Decides 

whether to act locally (autonomous decision) or 

escalate to cloud for more complex analysis. It 

supports hybrid decision making (edge = instant 

action; cloud = strategic optimization). 
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d) Cloud/Enterprise Layer: It provides deeper 

analytics, long-term model training, data storage, 

and visualization dashboards for managers. This 

layer periodically updates edge-deployed models 

via federated learning or secure distribution. 

e) Business Process Integration Layer: This layer 

links decision outcomes to enterprise workflows 

such as ERP, CRM, or SCM systems. It also 

ensures decisions at the edge translate into 

operational actions (e.g., re-routing trucks, 

adjusting production schedules, sending real-time 

alerts to staff). 

f) Feedback and Learning Loop: This layer captures 

decision outcomes, monitors performance, and 

feeds back into both edge models (short-term 

adaptation) and cloud models (long-term 

optimization). This will ensure continuous 

performance improvement and business value 

alignment. 

A highly suitable business domain for edge computing 

applications is Supply Chain and Logistics Management. In 

this sector, real-time decision making is critical, as seen in 

scenarios such as dynamic fleet routing and traffic 

management using GPS and IoT sensors, where delays of 

even a few minutes can disrupt entire delivery schedules. 

Similarly, warehouse automation benefits from edge-

enabled AI systems that can instantly detect stock-out risks 

and trigger restocking decisions without waiting for 

centralized processing. Cold-chain monitoring for 

perishable goods further highlights the importance of edge 

autonomy, where local nodes can generate temperature-

based alerts and initiate rerouting before spoilage occurs. 

These applications demand decisions within seconds, often 

in environments with unreliable connectivity during transit, 

making edge computing indispensable.  

CONCLUSION 

Real-time decision making has become indispensable in 

modern business operations. It provides the foundation for 

sustainable growth in the digital age. Examples from 

manufacturing, logistics, finance, retail, healthcare, and 

technology demonstrate that the ability to act on live data is 

no longer optional—it is a necessity. As businesses continue 

to navigate an increasingly dynamic environment, those that 

effectively integrate real-time decision making into their 

operations will be better equipped to thrive, adapt, and lead 

in their respective industries. Edge computing is 

revolutionizing real-time decision making in business 

operations, offering remarkable speed, efficiency, and 

automation. To fully leverage these benefits, organizations 

must invest in robust edge infrastructures, advanced 

security, and seamless integration strategies. The 

combination of edge computing and AI allows businesses to 

deploy intelligent decision making models directly on edge 

devices. This enables localized autonomy and predictive 

analytics without cloud dependence. The rollout of 5G 

networks enhances the potential of edge computing by 

providing ultra-reliable, low-latency communication, 

crucial for applications such as autonomous vehicles and 

smart factories. 
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