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1.1 Introduction to Distributed Systems 

A distributed system is a system that consists of multiple independent components or nodes 

(computers, processes, or devices) that work together to achieve a common goal. These nodes 

communicate and coordinate with each other over a network, often appearing as a single cohesive 

system to the end user. 

Key characteristics of distributed systems include: 

1. Multiple Components: The system is composed of several machines or processes that 

may be physically located in different places. 

2. Concurrency: Multiple processes can run concurrently, interacting with each other to 

perform tasks simultaneously. 

3. Transparency: The user or application interacting with the distributed system may not be 

aware of the underlying distribution. This includes: 

o Access Transparency: Hiding differences in data access methods. 

o Location Transparency: Hiding the location of resources. 

o Replication Transparency: Hiding the existence of multiple copies of resources. 

4. Fault Tolerance: The system is designed to continue functioning even if some of its 

components fail. This is usually achieved through redundancy, replication, and error 

recovery mechanisms. 

5. Scalability: Distributed systems are designed to scale out, meaning they can handle 

increasing loads by adding more nodes to the system. 

6. Heterogeneity: The system can consist of different types of hardware, operating systems, 

and network technologies. 

 

Types of Distributed Systems 

1. Client-Server Architecture: 

o In this model, the system is divided into two parts: clients and servers. 

o Clients request services or resources from servers, which provide them. 

o Example: Web applications, where clients (browsers) communicate with web 

servers. 

2. Peer-to-Peer (P2P) Architecture: 

o Each node in a P2P network can act as both a client and a server. 

o Resources and tasks are distributed equally among peers. 

o Example: File-sharing systems like BitTorrent. 

3. Middleware-based Systems: 

o Middleware is a software layer that provides services and functions like 

communication, data management, and security to the distributed components. 

o Example: Databases and messaging queues in large-scale systems. 

4. Cloud Computing: 

o A model of distributed systems where computing resources are provided over the 

internet. 
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o Includes Infrastructure-as-a-Service (IaaS), Platform-as-a-Service (PaaS), and 

Software-as-a-Service (SaaS). 

o Example: AWS, Google Cloud, and Microsoft Azure. 

 

Key Concepts in Distributed Systems 

1. Communication: 

o Nodes in a distributed system must be able to communicate with each other. 

Common communication methods include Remote Procedure Calls (RPC), 

message passing, and event-based communication. 

2. Synchronization: 

o Distributed systems need mechanisms to ensure that processes coordinate their 

actions, especially when accessing shared resources. 

o This can involve clock synchronization (e.g., NTP), distributed locking, or 

consensus protocols (e.g., Paxos, Raft). 

3. Consistency: 

o Maintaining consistent data across distributed nodes can be challenging, especially 

with replicated data. 

o CAP Theorem: A fundamental concept that states that a distributed system can 

achieve at most two out of the following three properties: 

 Consistency: Every read returns the most recent write. 

 Availability: Every request gets a response (may not be the most recent). 

 Partition Tolerance: The system continues to function despite network 

partitions. 

4. Fault Tolerance: 

o Distributed systems need to handle failures of nodes or communication links. 

Techniques like replication, checkpointing, and error detection help ensure the 

system remains available or consistent even when failures occur. 

5. Replication: 

o Replication involves creating copies of data across multiple nodes to improve 

reliability and availability. 

o However, maintaining consistency across replicas, especially in the presence of 

failures, is a challenge. 

6. Security: 

o Ensuring that the communication between distributed nodes is secure is critical. 

Common techniques include encryption, authentication, and access control. 

 

Examples of Distributed Systems 

1. Distributed Databases: 

o A distributed database system stores data across multiple locations and may involve 

replication and partitioning. 
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o Example: Google Spanner, Apache Cassandra. 

2. Distributed File Systems: 

o These systems allow files to be stored and accessed across multiple machines. 

o Example: Hadoop HDFS, Google File System (GFS). 

3. MapReduce: 

o A programming model used to process large data sets across distributed systems. 

o Example: Apache Hadoop, Google MapReduce. 

4. Microservices Architecture: 

o A modern architectural style where large applications are built as a collection of 

loosely coupled services, each responsible for a specific business function. 

o Example: Netflix, Uber, and Spotify. 

5. Blockchain: 

o A decentralized, distributed ledger technology used for secure transactions without 

the need for a central authority. 

o Example: Bitcoin, Ethereum. 

 

Challenges in Distributed Systems 

1. Latency: 

o Communication between nodes may introduce delays, and the performance can 

degrade if the network is slow or unreliable. 

2. Network Partitions: 

o A network partition occurs when parts of the system become isolated from each 

other, often causing issues with consistency and availability. 

3. Concurrency: 

o Multiple nodes may attempt to access shared resources simultaneously, causing 

race conditions, deadlocks, or inconsistencies. 

4. Debugging and Monitoring: 

o Troubleshooting distributed systems is challenging because of the complexity 

introduced by the network, multiple nodes, and concurrency. 

 


