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Abstract: Parallel computing is a form of computation in which many calculations are carried out parallel, 
executing on the principle that big problems can be divided into smaller ones, which are then solved concurrently. 
Flynn classified programs and computers by whether they were operating using a single set of instructions or 
multiple sets, and whether the instructions were using either single set or multiple sets of data. This paper provides 
comparison between two Flynn’s architecture simd and mimd. 

Index terms: SIMD,MIMD, Flynn’s taxonomy. 

1) Introduction:-  
              Multiple processing elements used in Parallel computing resolves many problems. This is done by 

dividing the problem in independent parts so each processing element (PE) can execute its part of the algorithm with 
others in parallel. Various processing elements can be used which have resources such as a single computer with 
multiple processors. Michael J. Flynn created the first classification systems for parallel computers and programs, 
called as Flynn's taxonomy. Flynn grouped programs and computers on basis of operating using a single set or 
multiple sets of instructions, and whether those instructions were using a single set of data or multiple sets of data. 
The single-instruction-single-data (SISD) classification is same as an entire sequential program. The single-
instruction-multiple-data (SIMD) classification is analogous to doing the same operation repeatedly on a larger data 
set. This is offenly used in signal processing applications. Multiple-instruction-single-data (MISD) is a rarely used.. 
Multiple-instruction-multiple-data (MIMD) programs one of the most common types of parallel programs used in 
today’s computations. 

2) Types of parallelism: - 

1) Bit-level parallelism: 
From the advancement of (VLSI) technology, speed-up in computer architecture was achieved by doubling 

computer word size i.e. the amount of information the processor can change per cycle. Increasing the word size 
reduces the number of instructions the processor executes to perform an operation on variables whose sizes are 
greater than the length of the word. For example, an 8-bit processor must add two 16-bit integers, the processor will 
first add lower 8-bits from each integer using the standard addition instruction, then add the higher 8-bits using an 
add-with-carry instruction and the carry bit from the lower order addition hence, so to complete a single operation an 
8-bit processor requires two instructions. 

2) Instruction-level parallelism: 
A computer program is a stream of instructions executed by a processor. The instructions can be re-ordered 

and combined into groups and are then executed in parallel without changing the result of the program and it is 
known as instruction-level parallelism. Modern processors have multi-stage instruction pipelines. A single stage in 
the pipeline corresponds to a various actions the processor performs on that one instruction in that stage; a processor 
which have N-stage pipeline can have up to N various instructions at various stages of completion. An example of a 
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pipelined processor is RISC processor which includes five stages: instruction fetch, decode, execute, memory 
access, and write back.  

3) Task parallelism: 
Task parallelism is the characteristic of a parallel program that entirely different calculations could be 

performed on the same or different sets of data. This is in opposite with data parallelism, where on the same or 
different sets of data the calculation is performed  

3) COMPUTER ARCHITECTURE:-  

                      

 

                                          Fig 1: Architecture of computer. 
 
4) Single Instruction Single Data (SIMD):- 

Single instruction, multiple data (SIMD), belongs to a class of parallel computers. Flynn’s taxonomy 
describes computers with multiple processing elements which perform the same operation on multiple data points 
simultaneously. Therefore, such machines exploit data level parallelism, but not concurrency: there are simultaneous 
parallel computations, but only a single process is executed at a given moment. SIMD is particularly applicable to 
adjusting the contrast in a digital image or adjusting the volume of digital audio. 

 

                                          Fig 2: Single Instruction Multiple Data 
4.1) SIMD Operation: 

SIMD is primarily focus towards graphics applications and physics calculations that requires repetitive 
calculations of enormous amounts of data. A SIMD operation refers to a computing method that handles processing 
of multiple data with a single instruction. Using a simple summation as an example, the difference between the 
scalar and SIMD operations is shown below in Fig. 3 for how each method handles the same four sets of additions. 
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                                           Fig 3: scalar operation verses SIMD operation 

In conventional scalar operation, to obtain the sums as shown in Fig.3 (a) four add instructions are executed 
one after another. Meanwhile, SIMD uses only one add instruction to achieve the same result, as shown in Fig.3 (b). 
SIMD requires fewer instructions to process a given amount of data so SIMD operations yield higher efficiency than 
scalar operations. 

                     4.2) Restrictions on SIMD Operations: 
                       Other than having the advantage of processing the multiple data per instruction, only in certain predefined 

processing patterns, SIMD operations can be applied shown in Fig.  

 

Fig.4: Example of SIMD Processable Patterns 

SIMD operations cannot be used to process multiple data in different ways. A typical example is given in 
Fig. 5 where some data is to be added and other data is to be deducted, multiplied or divided.  

  

 

Fig. 5: Example of SIMD Unprocesable Patterns 

4.3) Advantages: 
The advantage of SIMD is one where the same value is added to a large number of data points or subtracted 

from. An Example would be changing the brightness of an image. Each pixel in an image consists of three values for 
the brightness i.e. red (R), green (G) and blue (B). To change the brightness, the RGB values are readed from the 
memory and a value is then added or subtracted from them, and the resulting values are accumulated back out to 
memory. 
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There are two improvements that SIMD processor shows. In one process the data is in blocks, and a 
number of values are entered at once. a SIMD processor have a single instruction that effectively says "retrieve n 
pixels". For a many reasons, this can take less time than retrieving each pixel individually, as with traditional CPU 
design. 

Other advantage of SIMD systems is that it typically includes only those instructions which can be applied 
to the entire data in single operation. In other words, if the SIMD system works by entering eight data points at once, 
the 30Tadd30T operation being applied to the data will operate all the eight values at the same time.  

4.4) Disadvantages: 

Not all algorithms are vectorized easily. Like, a flow-control-heavy task like code parsing may not easily 
handled from SIMD; however, it is theoretically possible to vectorize comparisons and "batch flow" to target 
maximal cache optimality, though this technique will require more intermediate state. Batch-pipeline systems are 
most advantageous for cache control when implemented with SIMD, but they are not exclusive to SIMD features. 
Further complexity may avoid dependence within series; while independence is required for vectorization. 

It has large register files which increases power consumption and chip area. Implementing an algorithm using 
SIMD instructions requires human labor most compilers do not generate SIMD instructions from a C program. 
Vectorization in compilers is an active area of computer science research. Programming using SIMD instruction sets 
can involve number of challenges. Like data alignment. Collecting data into SIMD registers and then scattering it to 
the correct destination locations is tough job and is inefficient. Some processors do not have SIMD instructions 
entirely, so programmers have to provide non-vectorized implementations for them.  
 
Examples of SIMD supercomputers  

• ILLIAC IV, circa 1974 
• ICL Distributed Array Processor (DAP) 
• Burroughs Scientific Processor 

Two types of SIMD architectures exist:  

1. True SIMD  
2. Pipelined SIMD  

 
4.5)  True SIMD architecture:   

• Using Shared  
• Using Distributed 

 
4.5.1) TRUE SIMD USING SHARED:  

This architecture, in the processing element there is no a local memory in it but it is connected to a network 
where it can communicate with a memory component. Fig shows all the processing elements connected to the same 
network which allows them to share their memory content with others. In this architecture, the controlling unit is not 
considered when processing elements shares information. But provides an instruction to the processing elements 
(PE) for computational.  

 
                                                              Fig 6: True SIMD using Shared  
4.5.2) TRUE SIMD USING DISTRIBUTED: 

A true SIMD architecture with distributed memory possesses a control unit that interacts with every 
processing element on the architecture. Each processor has their own local memory as seen in Fig. The processor 
elements are used as an arithmetic unit (AU) where the instructions are provided by the controlling unit itself. For 
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one processing element (PE) to communicate with other memory on the equivalent architecture, it will have to get it 
it through the controlling unit. The transferring of the information from one processing element to another is handled 
in this controlling unit  

 
 
                                         Fig 7: True SIMD using Distributed  
 
5)  Multiple Instructions Multiple Data (MIMD):-  

MIMD architectures usually consist of many independent processors which capable of executing individual 
instruction streams. There are three types of MIMD architectures. 

 

                                          Fig 8: MIMD 

5.1) Types of MIMD Architecture: 

1 Shared Memory Architecture 

2 distributed memory architecture 

3 virtual shared memory architecture 

5.1.1) Shared Memory Architecture:  
In shared memory architecture, there are small, numbers of processors, each has access to a global memory 

store via some interconnect or bus. The processors communicates with one another processor by one processor 
writing data into a location in memory and another processor reading data. With this type of communications the 
time required to access any data is the same, as the communications is through the bus. 

 

 

Fig 9: shared Memory architecture. 
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Examples of computers with shared memory architecture:  
SGI Power-Challenge, Sequent Balance and Symmetry. 

5.1.2) Distributed Memory Architecture: 
This architecture overcomes the drawbacks of the shared memory architecture by providing each processor 

with its own memory. A processor can only use the memory which is attached to it directly. If a processor requires a 
data which is stored in the memory of a remote processor, then it sends a message  

 

Fig 10: Distributed Memory Architecture  

The main advantages are that it gives each processor its unique memory and the 33Tbandwidth problem33T is also 
avoided because the bandwidth scales up automatically with the number of processors. The speed of the memory 
which is a critical issue with shared-memory systems is less important for the DM-MIMD machines.  

6) Conclusion: 
The computing architectures used for parallel systems are overviewed in this paper. This paper also 

describes two architectures of Flynn’s Taxonomy that is 1) SIMD and 2) MIMD. SIMD allows faster computation 
and mainly used where delay of time is an important factor. SIMD processing architecture example-: a graphic 
processor processing instructions for translation operations is done on multiple data. Multiple instruction multiple 
data (MIMD) processing architecture is super computer.  
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