PRINCIPLES OF PARALLEL AND

DISTRIBUTED COMPUTING

1. Evolution of Cloud Computing

The evolution of cloud computing can be traced through
several major milestones, each representing a significant

advancement in computing technology and paradigms.
1.1 Mainframes

Mainframes represent the earliest form of centralized computing

power that paved the way for cloud computing concepts.
Characteristics:

. Large, powerful computers capable of handling high

volumes of data processing

. Centralized computing model where multiple users access a

single, powerful machine



Utilized multiple processing units to achieve high

computational power

Presented as a single entity to users, despite internal

complexity
Significance:
Introduced the concept of shared computing resources
Demonstrated the power of centralized computing facilities
Laid the groundwork for future distributed systems
Limitations:
High cost of acquisition and maintenance
Limited scalability compared to modern distributed systems

Not considered true distributed systems due to centralized

nature

1.2 Clusters



Clusters emerged as an alternative to mainframes and
supercomputers, offering a more flexible and scalable approach

to high-performance computing.

Definition: A cluster is a group of interconnected computers

that work together as a single system.
Key Features:

Multiple standalone computers (nodes) connected via a

network
. Shared storage system accessible by all nodes
Middleware to manage node coordination
. Appears as a single system to end-users
Advantages:
Improved performance through parallel processing

Enhanced reliability through redundancy



. More cost-effective than equivalent mainframe systems

. Scalability by adding more nodes
Types of Clusters:

. High-availability clusters

. Load-balancing clusters

. High-performance computing (HPC) clusters
Significance in Cloud Evolution:

Introduced the concept of distributed computing resources

. Demonstrated the power of commodity hardware for high-

performance computing

. Laid the foundation for cloud computing's scalable

infrastructure

1.3 Grids



Grid computing represented a further evolution in distributed
computing, focusing on large-scale resource sharing across

organizational boundaries.

Definition: A grid is a distributed system that enables sharing
of heterogeneous resources across different administrative

domains.
Key Characteristics:
. Geographically distributed resources

. Heterogeneous nature of shared resources (compute,

storage, network)
. Decentralized control and management
. Standard, open protocols and interfaces

Components of a Grid:



Grid fabric (resources)

Core Grid middleware

User-level Grid middleware

Grid applications and portals

Challenges:

Resource discovery and management

Security and access control across domains

Performance variability due to network latency

Complex application development

Significance:

Pioneered large-scale resource sharing across organizations
Introduced concepts of virtual organizations

Developed standards for distributed resource management

Precursor to cloud computing's global resource pooling



1.4 Clouds

Cloud computing represents the current paradigm of distributed
computing, offering on-demand access to a shared pool of

configurable computing resources.

Definition: Cloud computing is a model for enabling ubiquitous,
convenient, on-demand network access to a shared pool of
configurable computing resources that can be rapidly provisioned
and released with minimal management effort or service provider
interaction.

Key Characteristics:
. On-demand self-service
Broad network access

Resource pooling



. Rapid elasticity
. Measured service
Service Models:
Infrastructure as a Service (laaS)
. Platform as a Service (PaaS)
. Software as a Service (SaaS)
Deployment Models:
. Public cloud
. Private cloud
. Hybrid cloud
. Community cloud
Enabling Technologies:

. Virtualization



. Distributed storage systems
. Automated resource management
. Web services and APIs
Advantages:
. Scalability and flexibility
. Cost-efficiency (pay-as-you-go model)
. Reduced time-to-market for applications
. Global accessibility
Challenges:
. Security and privacy concerns
. Vendor lock-in
. Performance variability

. Compliance and legal issues



2. Eras of Computing

The document identifies two fundamental models of computing

that have shaped the evolution of computer science and

technology.
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2.1 Sequential Era (1940s)

The sequential era marked the beginning of modern computing,
characterized by the execution of instructions in a linear, step-by-

step manner.



Key Characteristics:
. Single processor executing instructions one after another
. VVon Neumann architecture as the dominant model
. Limited by the speed of a single processing unit
Important Developments:
. ENIAC (1946): First general-purpose electronic computer

. UNIVAC I (1951): First commercial computer produced in

the United States
IBM 701 (1952): IBM's first commercial scientific computer
Programming Paradigms:
. Machine language programming
. Assembly language programming

. Early high-level languages (e.g., FORTRAN, COBOL)



Limitations:
. Performance bottlenecks due to single instruction execution

Inability to take advantage of potential parallelism in

algorithms
Difficulty in programming complex applications
2.2 Parallel and Distributed Era (1950s onwards)

The parallel and distributed era emerged as a response to the
limitations of sequential computing, aiming to improve

performance through concurrent execution.
Key Characteristics:
Multiple processors working simultaneously on a problem
Improved performance through concurrent execution
. Complex architectures and programming models

Important Milestones:



. Atlas (1962): One of the first supercomputers with parallel

processing capabilities

ILLIAC IV (1966): One of the first massively parallel

computers

. Cray-1 (1976):. Vector supercomputer that popularized

parallel processing
Parallel Processing Approaches:
. Bit-level parallelism
Instruction-level parallelism
. Data parallelism
. Task parallelism
Distributed Computing Developments:

. ARPANET (1969). Precursor to the internet, enabling

distributed computing



. Ethernet (1973): Local area network technology facilitating

distributed systems

. World Wide Web (1989). Enabling global distributed

applications
Challenges:
. Complexity in hardware design
. Difficulty in parallel and distributed programming
. Synchronization and communication overhead

. Load balancing and resource management

2.3 Four Key Elements Developed During These Eras

Architecture:



Evolution from simple von Neumann architecture to

complex parallel and distributed architectures
Development of specialized processors (e.g., GPUs, TPUs)
. Advancements in interconnect technologies

Compilers:

Progress from simple assemblers to sophisticated optimizing

compilers

Development of parallel compilers capable of automatic

parallelization
. Creation of domain-specific languages and compilers

Applications:

. Transition from basic computational tasks to complex,

distributed applications

Emergence of parallel and distributed algorithms



Development of frameworks for parallel and distributed

computing (e.g., MapReduce, Spark)
Problem-solving Environments:

Evolution from command-line interfaces to graphical and

web-based environments

Development of integrated development environments

(IDEs) for parallel and distributed programming

. Creation of workflow management systems for complex

distributed computations



