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Energy Efficient Approximate Multiplier Design using Bit Significance Driven Logic Compression





ABSTRACT
Approximate arithmetic has recently emerged as a promising paradigm for many imprecision-tolerant applications. It can offer substantial reductions in circuit complexity, delay and energy consumption by relaxing accuracy requirements. In this paper, we propose a novel energy-efficient approximate multiplier design using a significance-driven logic compression (SDLC) approach. Fundamental to this approach is an algorithmic and configurable lossy compression of the partial product rows based on their progressive bit significance. This is followed by the commutative remapping of the resulting product terms to reduce the number of product rows. As such, the complexity of the multiplier in terms of logic cell counts and lengths of critical paths is drastically reduced. A number of multipliers with different bit-widths (4-bit to 128-bit) are designed in SystemVerilog and synthesized using Synopsys Design Compiler. Post-synthesis experiments showed that up to an order of magnitude energy savings, and reductions of 65% in critical delay and almost 45% in silicon area can be achieved for a 128-bit multiplier compared to an accurate equivalent. These gains are achieved with low accuracy losses estimated at less than 0.00071 mean relative error. Additionally, we demonstrate the energy-accuracy trade-offs for different degrees of compression, achieved through configurable logic clustering. In evaluating the effectiveness of our approach, a case study image processing application showed up to 68.3% energy reduction with negligible losses in image quality expressed as peak signal-to-noise ratio (PSNR).



        	








                            

CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· Existing work on approximate MAC unit is very scarce comapred to other functional units. 
· The proposed design exploits an approximate hybrid redundant adder as the basic building block for both addition and multiplication operations in the MAC unit.
· There exists a considerable amount of efforts to design approximate hardware components. 
· The works replace constant multiplications with multiple operations of shift-and-add.
· However, having multiple designs to meet the required quality, mandate a complex controller with a large area overhead. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· These factors have prompted close attention in approximate multiplier design research, since improvements made in the power/speed of a multiplier are expected to substantially impact on overall system power/ performance trade-offs.
· A number of simulations are carried out to examine the impact of error on the proposed approach for different sizes of multiplier.
· However, such error rates can be misleading, as the eventual impact of error is reflected in error distance metrics such as MRED and NMED.
· On a statistical basis, the results of NMED and MRED metrics show how the impact of error is alleviated when the size of the multiplier is increased. 
2.2. PROPOSED SYSTEM 
· To our knowledge, the proposed design is the first work that successfully uses highorder approximate compressors in the approximate multiplier design.
· In, different approximate multiplier designs (based on approximate 4:2 compressors) have been proposed to save the power consumption.
· To assess the performance of proposed multipliers (PAWM1 and PAWM2), the DMs such as power, delay, PDP, and area are extracted and compared against the EWM and DAWMs.
· This power advantage can be attributed to the underlying architecture of proposed compressors.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· There is a persistent demand for higher computational performance at low energy cost for emerging applications.
· This can be leveraged as an opportunity for energy-efficient systems design for current and future generations of application-specific systems.
· This allows for building larger energy-efficient multipliers using small approximate ones; however, the hierarchical organization of small approximate blocks will eventually propagate errors which increase with the multiplier size.
· A number of powerand area-efficient multiplier redesign approaches have been proposed by changing the functional behavior.
· We propose a novel energy-efficient approximate multiplier design approach using bit significance-driven logic compression (SDLC). 
Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Approximate computing: An emerging paradigm for energy-efficient design
	J. Han and M. Orshansky, 
	Approximate computing has recently emerged as a promising approach to energy-efficient design of digital systems.

	Introduction to approximate computing: Embedded tutorial
	L. Sekanina, 
	The purpose of this paper is to introduce the principles of approximate computing and survey the research conducted in major subareas of approximate computing which are relevant for design and test of digital circuits.

	A comparative evaluation of approximate multipliers
	H. Jiang, C. Liu, N. Maheshwari, F. Lombardi, and J. Han, 
	Moreover, many errors do not make an obvious difference in applications such as image processing due to the perceptual limitations of human beings.

	Design of voltage-scalable meta-functions for approximate computing
	D. Mohapatra, V. K. Chippa, A. Raghunathan, and K. Roy, 
	The net effect of these design techniques is improved accuracy (fewer and smaller errors) under a wide range of over-scaled voltages.



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.
2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   
2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard
2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005

CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT
SYSTEM ARCHICTURE
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CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

















                               CHAPTER 5
CONCLUSION:
    In this paper, a novel approximate multiplier design is proposed using significance-driven logic compression (SDLC). This design approach utilizes an algorithmic and configurable lossy compression based on bit significance to form a reduced set of partial product terms. This is then reorganized and accumulated using various schemes of parallel multiplication. On a statistical basis, the results of NMED and MRED metrics show how the impact of error is alleviated when the size of the multiplier is increased. Additionally, the error distributions show high right-skewness for error probabilities, indicating that the proposed multiplier gives close to exact products for most inputs. The results obtained after synthesis have shown a substantial decrease in run-time, power consumption and even in silicon area. We demonstrate energy-accuracy tradeoffs for different levels of approximations achieved through configurable logic clustering. To illustrate the effect of variable logic clusters, case study of an image-processing application shows that the proposed approach can provide significant energy and area savings with negligible loss in output quality, especially when utilizing smaller bit depth clusters. We believe that the proposed approach can be used with already existing low-power compute units to extract manifold benefits with a minimal loss in output quality. 
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