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Abstract

In its early years, Grid computing, a distributed computing model, revolutionised how businesses and research
institutions tackled complex computational tasks. Multiple computers across different locations worked together to
solve complex tasks, thus harnessing the combined power of several networked machines, often distributed
globally, to perform large-scale computations. This distributed model enabled businesses to leverage underutilized
computational power across multiple locations, significantly reducing the cost and time required for tasks like
financial modelling, simulations, and data analysis. However, managing Grid computing environments required
extensive coordination and specialized software, making it less flexible for dynamic business needs. Over time, as
real-time applications like 10T and autonomous vehicles emerged, Edge Computing was developed. Edge
computing processes data closer to the source - such as sensors or devices - reducing latency and bandwidth usage,
making it ideal for real-time operations that need immediate responses without relying on distant cloud servers.
Cloud computing and Edge computing together form a distributed computing framework that optimizes
performance, efficiency, and scalability. Therefore, they complement each other rather than competing. The
characteristics and usage of these two technologies in business domain have been discussed in this article.
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1.Introduction

In its early years, Grid computing, a distributed computing model, revolutionised how businesses and research
institutions tackled complex computational tasks. Multiple computers across different locations worked together to
solve complex tasks, thus harnessing the combined power of several networked machines, often distributed
globally, to perform large-scale computations [1,2]. By connecting multiple computers to work together as a virtual
supercomputer, Grid computing allowed organizations to process vast amounts of data more efficiently than ever
before. This distributed model enabled businesses to leverage underutilized computational power across multiple
locations, significantly reducing the cost and time required for tasks like financial modelling, simulations, and data
analysis [3]. At a time when individual machines had limited capacity, Grid computing was a breakthrough, offering
a scalable and cost-effective solution for businesses with high-performance computing needs. Grid computing was
commonly used in almost all fields including scientific research and financial modelling, where massive data sets
needed processing [4,5]. However, managing Grid computing environments required extensive coordination and
specialized software, making it less flexible for dynamic business needs.
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With the rise of cloud computing, a more flexible and scalable solution was introduced. Cloud computing provided
on-demand access to vast computing resources like storage, processing power, and applications over the internet
[6]. Unlike Grid computing, which required specific coordination across machines, Cloud computing offered
centralized services through data centres owned by providers like AWS or Microsoft. This model became popular
due to its scalability, pay-as-you-go pricing, and ease of use [7].

Over time, as real-time applications like 10T and autonomous vehicles emerged, Edge Computing was developed.
Edge computing processes data closer to the source—such as sensors or devices—reducing latency and bandwidth
usage, making it ideal for real-time operations that need immediate responses without relying on distant cloud
servers [8]. Cloud computing and Edge computing together form a distributed computing framework that optimizes
performance, efficiency, and scalability. Therefore, they complement each other rather than competing.

2.Cloud computing

Cloud computing is a technology that enables the delivery of various computing services - such as storage, servers,
databases, networking, software, and analytics - over the internet, commonly referred to as "the cloud. " Instead of
relying on local servers or personal computers to store and process data, businesses and individuals can access these
resources remotely through a cloud provider. This offers a flexible, scalable, and cost-effective solution for handling
large-scale computing tasks [6].

2.1. Key Characteristics of Cloud Computing:

Cloud computing transforms the way organizations manage and deploy IT resources, providing flexibility and
efficiency in meeting varying demands [9].

On-Demand Self-Service: Users can provision computing resources like storage and processing power as needed,
without requiring human interaction with the service provider.

Broad Network Access: Cloud services are accessible from anywhere with an internet connection, using a variety
of devices like smartphones, laptops, and tablets.

Resource Pooling: Cloud providers pool resources to serve multiple customers, allowing for more efficient use of
computing power. Resources such as processing power and storage are allocated dynamically based on demand.

Scalability: Cloud computing is highly scalable. Users can scale resources up or down quickly in response to
changing business needs, often without disrupting operations.

Measured Service: Cloud services are typically provided in a pay-as-you-go model, where users only pay for the
resources they actually use, making it cost-efficient.

2.2. Types of Cloud Computing Services:

Cloud computing is usually categorized into three primary service models, often referred to as the cloud computing
stack [12]:

Infrastructure as a Service (laaS): Provides virtualized computing resources over the internet. Users rent
infrastructure components like virtual machines, storage, and networking from a cloud provider. Examples:
Amazon Web Services (AWS), Microsoft Azure, Google Cloud Platform (GCP).

Platform as a Service (PaaS): Offers a platform that allows developers to build, test, and deploy applications
without worrying about the underlying infrastructure. It provides the tools and frameworks for app development,
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making it easier for developers to focus on coding. Examples: Heroku, Google App Engine, Microsoft Azure App
Service.

Software as a Service (SaaS): Delivers software applications over the internet on a subscription basis. Users access
the software through their web browser, while the provider manages infrastructure and security. Examples: Google
Workspace, Salesforce, Microsoft Office 365.

2.3. Benefits of Cloud Computing:
Cloud computing offers several advantages. A few of them are given below [7].

Cost Efficiency: Cloud eliminates the capital expense of purchasing hardware and software, as well as the costs of
setting up and running on-site data centers.

Flexibility and Scalability: Businesses can easily scale services to fit their needs and respond quickly to demand
spikes without making large upfront investments.

Disaster Recovery and Backup: Cloud services provide robust backup and disaster recovery solutions, as data is
stored remotely and can be accessed from multiple locations.

Collaboration and Mobility: Employees can access and work on data or applications from anywhere with an internet
connection, which enhances productivity and collaboration.

Automatic Updates and Maintenance: Cloud providers handle regular software updates, including security patches,
so businesses don’t have to worry about maintaining infrastructure.

2.4. Emergence of Edge Computing

As cloud computing gained widespread adoption, the need for faster, more responsive data processing led to the
emergence of edge computing. This paradigm was developed to address the limitations of traditional cloud models,
particularly in scenarios where low latency and real-time processing are critical. With the proliferation of Internet
of Things (loT) devices and the growing demand for instantaneous data analysis, edge computing enables data to
be processed closer to its source - whether that be sensors, machines, or users - rather than relying solely on
centralized cloud data centres. By bringing computation and storage closer to the end-user, edge computing
complements cloud computing by optimizing performance and bandwidth efficiency, allowing businesses to
respond quickly to changing conditions and make data-driven decisions in real-time [11].

3.Edge Computing

Edge computing is a distributed computing model that brings computation and data storage closer to the location
where it is needed - typically near the devices generating the data or where data processing must occur. Instead of
sending all the data to a centralized cloud or data centre for processing, edge computing allows data to be processed
locally, at the "edge™ of the network. This reduces latency, saves bandwidth and improves performance, particularly
for applications requiring real-time processing.

3.1. Key Characteristics of Edge Computing:

Proximity to Data Sources: Edge computing processes data near the source of generation, such as 10T devices,
sensors, or machines, instead of relying on distant cloud data centres. This proximity leads to faster data processing
and reduced response times.
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Reduced Latency: By processing data at or near the edge of the network, edge computing minimizes the delay
(latency) associated with sending data to the cloud for processing, which is critical for time-sensitive applications
like autonomous vehicles or industrial automation.

Bandwidth Efficiency: Edge computing reduces the need to transmit large amounts of raw data to the cloud by
processing or filtering data locally, transmitting only relevant or processed data. This saves bandwidth and reduces
network congestion.

Enhanced Privacy and Security: Sensitive data can be processed locally on the edge device, reducing the risk of
exposure that can occur during data transmission to remote cloud servers. This is especially important in industries
like healthcare, finance, or government, where data privacy is crucial.

Scalability: Edge computing supports scaling by distributing computing resources across a wide network of edge
devices, reducing the load on centralized cloud infrastructure. This allows businesses to expand their operations
without overwhelming their core infrastructure.

3.2. Key Components of Edge Computing:

Edge Devices: These are the devices generating or receiving data, such as sensors, smartphones, industrial
machines, or connected cars. Edge devices can also process data locally.

Edge Gateways: These are intermediary devices that aggregate and process data from multiple edge devices before
sending relevant data to the cloud or other systems. Edge gateways play a vital role in filtering, processing, and
managing local data traffic.

Local Servers or Micro Data Centers: Edge servers or micro data centers are deployed close to the edge to handle
computational tasks, providing greater processing power than individual edge devices. These local centers enable
more robust processing without sending data to distant cloud servers.

Network Infrastructure: This includes communication networks (Wi-Fi, 5G, etc.) that connect edge devices to edge
gateways or data centers. The network facilitates the flow of data and ensures that data is processed locally when
needed or sent to the cloud.

3.3. Benefits of Edge Computing:

Low Latency: Edge computing significantly reduces the time it takes for data to travel from devices to the cloud
and back, making it ideal for real-time applications like autonomous vehicles, augmented reality, or industrial
robotics.

Cost Efficiency: By reducing the need to transmit large volumes of data to the cloud, edge computing reduces
bandwidth costs. Businesses only need to send processed, relevant data to centralized systems, lowering network
infrastructure costs.

Enhanced Privacy and Security: Edge computing keeps sensitive data closer to its source, reducing the exposure
risk during transmission. Data can be processed and stored locally, helping meet privacy regulations and security
standards.

Improved Reliability: Edge computing reduces dependence on centralized cloud infrastructure. In cases where the
network connection to the cloud is disrupted, edge devices can continue operating autonomously, ensuring business
continuity.
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Support for 10T and Al: Edge computing is ideal for 10T (Internet of Things) devices, which generate large amounts
of data in real time. It also supports Al and machine learning at the edge, allowing devices to process and act on
data instantly without relying on the cloud for every decision.

4.Edge Computing vs. Cloud Computing:

While cloud computing processes data in centralized data centres, Edge computing processes data closer to where
it is generated or used. However, Edge computing is often used alongside Cloud computing in a hybrid model,
where edge devices handle real-time processing, and the cloud handles deeper analytics, long-term storage, and
global management.

Cloud services and Edge computing both have distinct roles in business, but they are often confused. Each offers
unique benefits depending on the specific use case. To better understand their impact in the real world, we will
examine some case studies that demonstrate how these technologies are used by companies to overcome challenges,
streamline operations, and enhance customer experiences.

4.1. Retail: Walmart's Use of Cloud and Edge Computing

Walmart uses cloud computing for large-scale data analytics, inventory management, and improving customer
experiences [13]. By moving data from thousands of stores to the cloud, Walmart can analyze customer behaviuor,
optimize stock levels, and predict product demand.

Walmart implemented edge computing for in-store systems to enhance the checkout process and manage store
operations. Edge devices help with self-checkout systems, monitoring in-store cameras for theft prevention, and
managing real-time inventory data. This reduces the need for constant connectivity to the cloud and allows for
quick, localized decision-making.

Walmart successfully reduced operational latency, improved customer satisfaction with faster checkout times, and
reduced the bandwidth costs associated with transferring large volumes of in-store data to centralized servers by
adopting these two technologies.

4.2. Manufacturing: Siemens' Smart Factories

Siemens uses its MindSphere platform, a cloud-based 10T operating system, to collect and analyze data from
manufacturing machines worldwide. This platform allows Siemens to monitor performance, identify inefficiencies,
and enable predictive maintenance by leveraging Al and machine learning in the cloud.

Siemens uses Edge computing within its smart factories to perform real-time processing on factory floors. Sensors
in machines generate large amounts of data that are processed locally by edge devices to monitor critical
manufacturing parameters like temperature, vibration, and pressure. This ensures that any anomalies or defects can
be detected and addressed in real time without waiting for cloud analysis.

By combining edge and cloud computing, Siemens optimized factory performance, reduced machine downtime,
and improved product quality. Edge computing ensured real-time responses to local events, while cloud computing
enabled global oversight and advanced analytics.

4.3. Healthcare: GE Healthcare and Medical Imaging

GE Healthcare uses cloud computing to manage and analyze vast amounts of medical imaging data (such as MR,
X-ray, and CT scans). The cloud allows healthcare professionals to store, share, and analyze patient data across
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multiple locations. GE’s Edison platform, for instance, enables large-scale data analytics and collaboration among
healthcare providers, improving diagnostic accuracy.

For real-time processing of medical data, GE Healthcare uses edge computing in its imaging devices. Edge
processing enables devices like CT scanners and MRI machines to analyze patient scans immediately without
waiting for cloud-based algorithms. In critical cases (such as stroke or trauma), this instant analysis helps doctors
make faster, life-saving decisions.

By using edge computing for real-time diagnostics and cloud computing for large-scale analytics and collaboration,
GE Healthcare improved both the speed and accuracy of diagnoses, enhancing patient outcomes.

4.4. Transportation: UPS and Real-Time Fleet Management

UPS uses cloud computing for its On-Road Integrated Optimization and Navigation (ORION) system, which
analyzes data from millions of deliveries worldwide. ORION uses cloud-based Al and machine learning algorithms
to optimize delivery routes, saving UPS millions of miles of driving and reducing fuel costs.

UPS uses Edge computing within its delivery vehicles to process real-time data, such as traffic conditions and
package delivery status. By analyzing this data on edge devices within the vehicles, UPS can make instant route
adjustments and monitor vehicle performance locally without depending on cloud connectivity.

Combining edge and cloud computing has allowed UPS to enhance delivery efficiency, reduce operational costs,
and improve customer satisfaction by offering real-time delivery updates.

4.5. Smart Cities: Barcelona's Smart City Infrastructure

The city of Barcelona uses cloud computing to manage vast amounts of data from various smart city applications,
such as traffic management, energy usage, and public safety. The cloud serves as a central hub for data storage and
large-scale analytics, providing city officials with insights into resource usage and trends across the entire city.

Edge computing is deployed across Barcelona's smart infrastructure to handle real-time data processing for
applications such as smart traffic lights, parking systems, and air quality monitoring. Edge devices can immediately
adjust traffic lights based on real-time traffic flows or trigger alerts when air quality dips below certain levels,
without needing to rely on cloud-based processing.

With the combination of edge and cloud computing, Barcelona was able to optimize urban resource usage, reduce
traffic congestion, and improve air quality, creating a more efficient and livable environment for its residents.

4.6. Oil & Gas: BP's Remote Operations

BP leverages cloud computing for large-scale data storage and analysis of its global oil fields and refineries. BP
collects vast amounts of data from its remote drilling locations, sending this information to the cloud for long-term
analysis, predictive maintenance, and global oversight of operations.

In remote and offshore locations, BP uses edge computing for immediate data processing on-site. Sensors installed
on drilling rigs collect data related to pressure, temperature, and equipment performance. Edge devices process this
data in real time, enabling engineers to respond to critical issues, such as equipment malfunctions or safety hazards,
without waiting for cloud processing.

By integrating edge computing for real-time operations with cloud computing for long-term analysis, BP improved
safety, reduced operational downtime, and optimized production in remote environments.
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4.7. Financial Services: Mastercard'’s Fraud Detection System

Mastercard utilizes cloud computing for large-scale data analysis and fraud detection across millions of global
transactions. Cloud-based Al models analyze transaction patterns, identify anomalies, and flag potential fraudulent
activities.

To enhance the speed of fraud detection, Mastercard deploys edge computing at the point of sale (POS). This allows
payment terminals to perform real-time checks on transactions, processing some fraud detection algorithms locally
to reduce the time taken to approve or decline a transaction.

By combining cloud-based machine learning for large-scale fraud analysis and edge computing for real-time
transaction processing, Mastercard enhanced fraud detection efficiency and minimized delays at checkout.

5.Conclusion

The combination of Cloud computing and Edge computing allows businesses to balance the need for real-time
processing with the power of large-scale analytics and storage. Cloud computing is ideal for tasks that require deep
processing, storage, and analysis, while Edge computing excels in scenarios where speed, latency reduction, and
localized decision-making are critical.
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