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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: 
1. first parallel construct in OpenMP that creates a parallel region in a C++ code.
1. write a SPMD (Single Instruction Multiple Data) parallel program in OpenMP
1. create a parallel program using OpenMP to calculate PI 
1. create an OpenMP program to calculate themandelbrot set
1. A prime pair or twin prime is a prime number that has a prime gap of two, in other words, the difference between the two prime numbers are two, for example the twin prime pair (41, 43). You need to write an OpenMP program to find the total number of prime pairs between 2 and 50,000,000. Your grade will be not only determined by the correctness of the total number, but also depends on your program performance. Your program should print the number of prime pairs and the total execution time of your program. Report the speedup of your program using 1, 2, 4, and 8 threads respectively.
1. implement Parallel Programming in Java by using Fork/Join Framework
1. implement Parallel Stream in Java
1. Read and Monitor GPU status using CUDA API
1. Allocated and Deallocate from GPU Memory using CUDA API
1. Multiply two large matrix using CUDA API.
1. Distributed Memory Environments / Cluster Programming  - 
Basics of MPI (Message Passing Interface)
19. To learn Communication between MPI processes 
19. To get familiarized with advance communication between MPI processes
19. Study of MPI collective operations using ‘Synchronization’ 
19. Study of MPI collective operations using ‘Data Movement’ 
19. Study of MPI collective operations using ‘Collective Computation’ 
19. To understand MPI Non-Blocking operation
1. Shared Memory Environments / SMP Programming 
Basics of OpenMP API (Open Multi-Processor API)
20. To get familiarized with OpenMP Directives 55 
20. Sharing of work among threads using Loop Construct in OpenMP 
20. Clauses in Loop Construct 
20. Sharing of work among threads in an OpenMP program using ‘Sections Construct’
20. Sharing of work among threads in an OpenMP program using ‘Single Construct’
20. Use of Environment Variables in OpenMP API
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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