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PREFACE  

 It gives us great pleasure to present the book ‘Distributed Computing’ for the students of Final Year BE  (((( ))))

Degree Course in Artificial Intelligence and Data Science of Savitribai Phule Pune University. This book is strictly 

as per the New Credit System Syllabus 2020 Pattern effective from the Academic Year 2023-24. 

 As per the New Revised Examination Scheme, which has been implemented from the previous academic 

year, the In-Semester Examination allots 30 marks for the first two units and the End-Semester Examination 

allots 70 marks for the entire syllabus. 

 The theory subject will have 3 Credits. 

 In the book, all the basic concepts are explained in a simplified manner. Subject matter is presented in a 

conceptual manner rather than mathematical, as required by the new examination system. It is our objective to 

keep the presentation systematic and clear through explanatory notes and figures. 

 Main feature of this book is, Complete Coverage of the New Credit System Syllabus with Exercises and 

Model Question Papers of In-Semester and End-Semester Examinations. 

 We are sure that this book will cater to all needs of the students for this subject. 

 We also take this opportunity to express our sincere thanks to Shri. Dineshbhai Furia, Shri. Jignesh Furia,                   

Mrs. Nirali Verma and entire team of Nirali Prakashan, namely Mrs. Deepali Lachake Co( -ordinator , who really have )

taken keen interest and untiring efforts in publishing this text. 

 We wish to make a special mention of the valuable contribution made by Late Shri M. P. Munde during the last 

two decades in reaching out to students, parents and teachers which eventually made Nirali Prakashan, a brand of 

trust and quality in technical books. Without his perseverance and zeal, successive editions would not have been 

possible. 

 The advice and suggestions of our esteemed readers to improve the text are most welcome and will be highly 

appreciated. 
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INTRODUCTION TO DISTRIBUTED COMPUTING 

 

1.1  FUNDAMENTALS OF DISTRIBUTED 

COMPUTING 

Distributed computing refers to the use of multiple 

interconnected computers or processors that work 

together to solve a complex problem or perform a task. In 

the context of Artificial Intelligence AI , distributed ( )

computing plays a crucial role in handling the 

computational demands of large-scale and resource-

intensive AI applications. 

1.1.1  Introduction  

• Parallel Processing: Distributed computing in AI often 

involves parallel processing, where tasks are divided 

into smaller sub-tasks and executed concurrently 

across multiple processors or machines. This parallelism 

helps in achieving faster computations and handling 

large datasets. 

• Scalability: Scalability is a key advantage of distributed 

computing in AI. As the complexity of AI models and 

datasets increases, distributed systems can easily scale 

by adding more computational resources, allowing for 

efficient handling of growing workloads. 

• Large-Scale Data Processing: AI applications often 

require the processing of massive datasets. Distributed 

computing enables the parallel processing of data 

across multiple nodes, reducing the time required for 

data analysis, training and inference. 

• Fault Tolerance: Distributed systems are designed to 

be resilient to failures. If one node or machine fails, the 

system can continue to operate with the remaining 

nodes. This fault tolerance is crucial in ensuring the 

reliability of AI applications, especially in mission-

critical scenarios. 

• Distributed Machine Learning: Training complex 

machine learning models, especially deep neural 

networks, can be computationally intensive. Distributed 

computing facilitates the parallel training of models 

across multiple machines, reducing the time needed for 

model convergence. 

• Decentralized AI Architectures: In some cases, AI 

systems are designed with decentralized architectures, 

where components of the AI model or algorithm are 

distributed across different nodes. This approach can 

enhance privacy, reduce latency and improve the 

overall performance of the AI system. 

• Resource Optimization: By distributing computation 

across multiple nodes, distributed computing allows for 

better resource utilization. This is particularly important 

in AI applications where optimizing computational 

resources is essential for efficiency and cost-

effectiveness. 

• Distributed Inference: In real-time AI applications, 

such as those involving computer vision or natural 

language processing, distributed systems can be used 

to perform inference across multiple nodes 

simultaneously, enabling quicker response times. 

• Edge Computing Integration: Distributed computing 

is closely linked with edge computing in AI. Edge 

devices can perform local computations and the results 

can be aggregated and processed in a distributed 

manner, minimizing the need for centralized data 

processing. 

1.1.2  Characteristics of Distributed Computing 

Distributed computing refers to the use of multiple 

computers or nodes that work together to solve a problem 

or perform a task. Here are some key characteristics of 

distributed computing: 

• Concurrency: Distributed systems often involve 

multiple nodes working concurrently. Tasks are divided 

among different nodes and these nodes can execute 

their tasks independently of each other. 

• Fault Tolerance: Distributed systems need to be 

resilient to failures. If one node fails, the system should 

be able to continue functioning without a complete 

breakdown. This is achieved through redundancy, 

replication and fault-tolerant mechanisms. 
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• Scalability: Distributed systems should be scalable to 

accommodate an increasing number of nodes or users. 

Scalability can be achieved by adding more nodes to 

the system and distributing the workload effectively. 

• Interprocess Communication: Communication is a 

critical aspect of distributed computing. Nodes need to 

exchange information and coordinate their activities. 

There are various communication mechanisms, such as 

message passing, Remote Procedure Calls RPC( ) and 

distributed objects. 

• Transparency: Ideally, the distribution of the system 

should be transparent to the end-users and application 

developers. This means that users should not be aware 

of the underlying distribution of resources and the 

system should appear as a single, unified entity. 

• Heterogeneity: Distributed systems often consist of 

nodes with different hardware, operating systems and 

software. They should be capable of working together 

despite these differences. Middleware and standardized 

communication protocols are often used to address 

heterogeneity. 

• Consistency and Replication: Ensuring consistency of 

data across distributed nodes can be challenging. 

Replication is often used to mitigate this challenge by 

maintaining multiple copies of data on different nodes. 

However, maintaining consistency among these 

replicas is a complex task. 

• Load Balancing: To ensure efficient resource 

utilization, distributed systems employ load balancing 

mechanisms. These mechanisms distribute the 

workload evenly among nodes to prevent overloading 

of specific resources. 

• Security: Distributed systems must address security 

concerns such as data integrity, confidentiality and 

authentication. Security mechanisms, such as 

encryption and access control, are implemented to 

protect data and ensure the integrity of communication. 

• Decentralization: Distributed systems are often 

designed to be decentralized, meaning that there is no 

single point of control. This can improve fault tolerance 

and reduce the risk of system-wide failures. 

1.1.3  Goals in Distributed System 

What Made Computational Systems Distributed? 

At the very beginning computers were huge and expensive 

machines. Computer science at the time, as the art of 

computer programming was born upon such machines. 

Four Goals for a Distributed System 

1. Making di(((( stributed, remote  )))) Resources Available 

for Use 

Making distributed, remote resources available for use 

typically involves setting up a system or infrastructure 

that allows users to access and utilize resources located 

in different locations.  

2. Allowing Distribution of Resources to be Hidden 

Whenever Unnecessary 

Hiding non-relevant properties of the system’s 

components and structure is called transparency. 

Types of Transparency 

• Location hide the location of a resource  

• Migration hide the change of location of a 

resource  

• Relocation hide the motion of a resource  

• Replication hide that a resource is replicated  

• Concurrency hide the sharing of a resource by 

multiple users  

• Failure hide the failure and subsequent recovery of 

a resource 

3. Promoting Openness  

Promoting openness in a distributed system is crucial 

for fostering collaboration, transparency and effective 

communication among the various components and 

participants. 

4. Promoting Scalability 

Scaling a distributed system involves designing and 

implementing a system architecture that can handle 

increased load and demand. 

1.1.4  Issues of Distributed System 

There are also multiple challenges of distributed systems 

that determine the performance of the overall system. 

There are also multiple challenges of distributed systems 

that determine the performance of the overall system. 

I(((( )))) Heterogeneity 

• One of the difficulties with a distributed system is 

heterogeneity, which describes variations in the 

hardware, software or network configurations of 

individual nodes.  

• Coordination and communication may be hampered as 

a result. Service-oriented architecture, virtualization, 

middleware and standardization are methods for 

handling heterogeneity.  


