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Abstract 

Parallel computing is defined as simultaneous use of more than one processor or information processing system to work a 

problem. It has been applied in several areas like high performance computing, servers and many embedded systems. Sequential 

computing was much more time consuming therefore parallel computing has come forth as a boon. It has brought down the cost 

of processing and also reduced time by a heavy fraction. 
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I.  INTRODUCTION  

 
         According to “wikipedia” parallel computation carries out many calculations simultaneously, operating on the principle 

that large problems can often be divided into smaller ones which are then solved concurrently. In layman’s language we can define 
parallel computing as solving one or more problems simultaneously.  

 

Figure 1 showing solving of more than one problem simultaneously 

We can also define parallel computing as use of multiple processors or computers working together on a common task. In the above 
figure we can see that each problem is divided into its corresponding instances. Each instance is being executed simultaneously. 

II. EASE OF USE 

Benefits of parallel computing 

Parallel computing is important because of the following reasons : 

� It overcomes the limit of single CPU computing i.e. performance and memory limit.  

� Parallel computing allows one to solve problem that don’t fit on a single CPU and problems that can’t be solved in a reasonable 
time. 

� With the help of parallel computing, now we can solve larger problems and that too faster. 
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III. LAWS ASSOCIATED WITH PARALLEL COMPUTING 

 
AMDAHL’S LAW 

Amdahl’s law states that  

     NPPns /)1/(1)( +−=  

     Here S(N) is the speedup 

(1-P) are the number of programs that are in series 

P is the number of programs that are in parallel 

N is the number of processors 

GUSTAFSON’S LAW 

Gustafson’s law states that 

)1()( ppps −−= α  

Where P is the number of processors 

S is the speedup 

α is the non parallel fraction of any parallel process 

IV. FLYNN’S CLASSIFICATION OF PARALLELISM 

 

                    

           Figure 2 showing Flynn’s Classification 

Flynn classified parallelism into four categories: 

1.Single Instruction Single Data Stream(SISD) 

 A sequential computer which exploits no parallelism in either the instruction or data streams. Single control unit (CU) 
fetches the single Instruction Stream (IS) from memory. The CU then generates appropriate control signals to direct single 
processing element (PE) to operate on single data stream (DS) i.e. One operation at a time. Example of SISD architecture are 
the traditional uni processor machines like PC(currently manufactured PCs have multiple processors) or old mainframes. 

                   

2.Single Instructions Multiple Data Stream(SIMD) 

A computer which exploits multiple data streams against a single instruction stream to perform operations which may be 
paralleled. For example, an array processor  or GPU. 
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3.Multiple Instruction Single Data Stream(MISD) 

Multiple instructions operate on a single data stream. Uncommon architecture which is used for fault tolerance. 
Heterogeneous operate on the same data stream and must agree on the result. Examples include the space shuttle flight 
control computer. 

                  

4.Multiple Instruction Multiple Data Stream(MIMD) 

Multiple autonomous processors simultaneously executing different instructions on different data. Distributed systems are 
generally recognized to be MIMD architectures; either exploiting a single shared memory space or a distributed memory 
space. A multi-core super scalar processor is an MIMD processor. 

 

                    

V. TYPES OF PARALLELISM 

 

1.Bit-Level Parallelism 

Bit level parallel computing is a form of parallel computing based on increasing processor word size. Increasing the word 
size reduces the number of instructions the processor must execute in order to perform an operation o  variables whose sizes 
are greater than the length of the word. 

2.Instruction-level Parallelism 

Instruction-Level Parallelism (ILP) is a measure of how many of the operations in he computer program can be performed 
simultaneously. The potential overlap among instructions is called instruction level parallelism. 

There are two approaches to instruction level parallelism : 

A) Hardware 

B) Software 

Hardware level works upon dynamic parallelism whereas the software level works on static parallelism. 
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3.Task Parallelism 

Task parallelism, also known as (function parallelism and control parallelism) is a form of parallelism of computer code 
across multiple processors in across different parallel computing nodes. It contrasts to data parallelism as another form of 
parallelism. 

 

VI. CLASSES OF PARALLEL COMPUTERS 

 

1. Multicore Computing 
 

A multicore processor is a processor that includes multiple execution units “cores” on the same chip. These processors 

differ from super scalar processors, which can issue multiple instructions per cycle from one instruction stream (thread); in 

contrast a multicore processor can issue multiple instructions per cycle from multiple instruction stream. 

 

2. Symmetric multiprocessing 

 

A symmetric multiprocessor (SMP) is a computer system with multiple identical processors that share memory and 

connect via a bus. Bus contention prevents bus architectures from scaling. As a result, SMP’s generally do not comprise 

more than 32 processors. 

 

3. Distributed Computing 
 

A distributed computer (also known as distributed memory multiprocessor) is a distributed memory computer system in 

which the processing elements are connected by a network. Distributed computers are highly scalable. 

 

4. Specialized Parallel Computers 
 

Within parallel computing there are specialized parallel devices that remain niche areas of interest. While not domain 

specific, they tend to be applicable to only a few classes of parallel problem. 

 

 

VII. BASIC EXAMPLE OF PARALLEL COMPUTING 

  

1-D Wave Equation 

 

In this example the amplitude along a uniform vibrating string is calculated after a specified amount of time has elapsed. 

The calculation involves  

 

� ‘i’ as the position index along the x axis 

� Node points imposed along the string 

� Update of the amplitude at discrete time steps 

� Wave equation 

� The amplitude on the y axis 

 

 

 

         
 

The equation to be solved is the one-dimensional wave equation: 

 
t)))1,A(i  t))A(i, * (2.0 - t)1,-(A(i * (c  1)-tA(i, - t))A(i, * (2.0  1)tA(i, +++=+
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where c is a constant. 

 

Note that amplitude will depend on previous time-steps (t,t-1) and the neighboring points (i-1,i+1). Data dependence will mean 

that a parallel solution will involve communications. 

 

 

Solution to the above equation using parallel computing 

 

Implement as the SPMD model 

 

The entire amplitude array is partitioned and distributed as sub arrays to all tasks. Each task owns a portion of the total array. 

 

Load balancing: all points require equal work, so the points should be divided equally. 

 

A block decomposition would have the work partitioned into the number of tasks as chunks, allowing each tasks to own mostly 

contiguous data points. 

 

Communication need only occurs on data borders. The large the block size the less the communication. 

 

We have equation partition 

 

  

VIII. CONCLUSION 

 

Thus by this paper we can conclude that parallel computing is the best option where we need faster processing and less time for 

computing various problems. It has proven to be the best invention for application areas like CAD, complex numerical problems, 

in designing of problems etc. So in the future also parallel computer has a wider scope of success in various areas and soon many 

new areas of application will be discovered as well. 
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