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	Pre-requisite/Exposure
	Programming in C, Data Structures, and Computer Architecture

	Co-requisite
	NIL


Course Objectives:
1. To familiarize the issues in parallel computing.

1. To describe distributed memory programming using MPI.
1. To understand shared memory paradigm with Pthreads and with OpenMP.
1. To learn the GPU based parallel programming using OpenCL
Course Outcomes:
On the completion of this course the student will be able to
1. Understand the basics of Parallel Processing.

1. Identify issues in parallel programming.

1. Develop distributed memory programs using MPI framework.

1. Design and develop shared memory parallel programs using Pthreads and using OpenMP.

1. Implement Graphical Processing OpenCL programs.

Course Description:
In a parallel computation, multiple processors work together to solve a given problem. These are exciting times in parallel computing. The largest parallel machine has over a hundred thousand processors, and it is believed that machines with over ten thousand processors will be commonly available by the end of the decade. Furthermore, with most chip manufacturers moving toward multicore processors, most machines will soon be parallel ones. It is, therefore, essential to learn to use parallel machines effectively. While parallel machines provide enormous raw computational power, it is often not easy to make effective use of all this power. The problems encountered in making effective use of a large number of machines are similar to those encountered in making a group of people work together. (i) People may spend much of their time talking to each other, instead of doing useful work. Communication between processors is quite expensive, compared with the CPU speed. So we need to pay attention to minimizing the amount of communication; otherwise much of the time will be spent on inter-processor communication, rather than on useful work. (ii) In a group, a few people may do much of the work, while the others relax. Similarly, in a computation, the work load on different processors may differ. In order to make effective use of the parallel machine, we want to keep the work load balanced on all processors. (iii) It may be difficult to decompose a problem so that people can work on different parts simultaneously. For example, consider someone who want to have dinner cooked, eat it, and then have the dishes washed. It is not easy to speed up this process by hiring someone to cook, and another person to wash the dishes, because the three tasks are sequential; the food needs to be cooked before it is eaten, and the food needs to be eaten before the dishes are washed. Similar problems occur in parallel computations too, and sequential parts of the computation can reduce the effectiveness of parallelization substantially. This course will describe different techniques used to solve the above problems, in order to develop efficient parallel algorithms for a variety of problems. We will also pay much attention to practical aspects of implementing parallel code that actually yields good performance on real parallel machines.
Course Content: 

	Unit-I
	09 Lecture Hours

	Foundations Of Parallel Programming: Motivation for parallel programming – Need-Concurrency in computing – Basics of processes, multitasking and threads – cache – cache mappings – caches and programs – virtual memory – Instruction level parallelism – hardware multi-threading – Parallel Hardware-SIMD – MIMD – Interconnection networks – cache coherence –Issues in shared memory model and distributed memory model –Parallel Software- Caveats- coordinating processes/ threads- hybrid model – shared memory model and distributed memory model - I/O – performance of parallel programs-– parallel program design. 

	Unit-II
	09 Lecture Hours

	Distributed Memory Programming with MPI: Basic MPI programming – MPI_Init and MPI_Finalize – MPI communicators – SPMD- programs– MPI_Send and MPI_Recv – message matching – MPI- I/O – parallel I/O – collective communication – Tree-structured communication -MPI_Reduce – MPI_Allreduce, broadcast, scatter, gather, allgather – MPI derived types – dynamic process management – performance evaluation of MPI programs- A Parallel Sorting Algorithm.

	Unit-III
	09 Lecture Hours

	Shared Memory Paradigm With Pthreads: Basics of threads, Pthreads – thread synchronization – critical sections – busy waiting – mutex – semaphores – barriers and condition variables – read write locks with examples - Caches, cache coherence and false sharing – Thread safety-Pthreads case study. 

	Unit-IV
	09 Lecture Hours

	Shared Memory Paradigm: OpenMP: Basics OpenMP – Trapezoidal Rule-scope of variables – reduction clause – parallel for directive – loops in OpenMP – scheduling loops –Producer Consumer problem – cache issues – threads safety in OpenMP – Two- body solvers- Tree Search .

	Unit-V
	09 Lecture Hours

	Graphical Processing Paradigms: OpenCL and Introduction to CUDA: Introduction to OpenCL – Example-OpenCL Platforms- Devices-Contexts - OpenCL programming – Built-In Functions-Programs Object and Kernel Object – Memory Objects - Buffers and Images – Event model – Command-Queue - Event Object - case study. Introduction to CUDA programming. 

	Text Books:
1. OpenCL programming guide –  A. Munshi, B. Gaster, T. G. Mattson, J. Fung, and D. Ginsburg –  Addison Wesley
1. Parallel programming in C with MPI and OpenMP –  M. J. Quinn –  Tata McGraw Hill
Reference Books:
1. An introduction to parallel programming –  Peter S. Pacheco –  Morgan Kaufmann
1. CUDA application design and development – Rob Farber – Morgan Haufmann
1. Using MPI: Portable parallel programming with the message passing interface – W. Gropp, E. Lusk, and A. Skjellum – MIT Press



Modes of Evaluation: Quiz/Assignment/Presentation/Extempore/ Written Examination
Examination Scheme:

	Components
	Mid Term
	Class Assessment
	End Term

	Weightage (%)
	20
	30
	50
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