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TOSAM: An Energy-Efficient Truncation- and Rounding-Based Scalable Approximate Multiplier






ABSTRACT
A scalable approximate multiplier, called truncation- and rounding-based scalable approximate multiplier (TOSAM) is presented, which reduces the number of partial products by truncating each of the input operands based on their leading one-bit position. In the proposed design, multiplication is performed by shift, add, and small fixed-width multiplication operations resulting in large improvements in the energy consumption and area occupation compared to those of the exact multiplier. To improve the total accuracy, input operands of the multiplication part are rounded to the nearest odd number. Because input operands are truncated based on their leading one-bit positions, the accuracy becomes weakly dependent on the width of the input operands and the multiplier becomes scalable. Higher improvements in design parameters (e.g., area and energy consumption) can be achieved as the input operand widths increase. To evaluate the efficiency of the proposed approximate multiplier, its design parameters are compared with those of an exact multiplier and some other recently proposed approximate multipliers. Results reveal that the proposed approximate multiplier with a mean absolute relative error in the range of 11%–0.3% improves delay, area, and energy consumption up to 41%, 90%, and 98%, respectively, compared to those of the exact multiplier. It also outperforms other approximate multipliers in terms of speed, area, and energy consumption. The proposed approximate multiplier has an almost Gaussian error distribution with a near-zero mean value. We exploit it in the structure of a JPEG encoder, sharpening, and classification applications. The results indicate that the quality degradation of the output is negligible. In addition, we suggest an accuracy configurable TOSAM where the energy consumption of the multiplication operation can be adjusted based on the minimum required accuracy.



        	








CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· The delay of the proposed multipliers has reduced greatly, almost ten times less in the case of 32-bit width multiplier compared to the existing 32-bit multiplier mentioned. 
· A comprehensive comparison of the existing approximate multipliers has been performed on 8-bit designs. 
· The segment-based multipliers are very competitive in terms of both power and area, while the other designs have at least one major shortcoming in accuracy, delay or power.
· The dual segmentation approximate multiplier achieves better performance in terms of the delay, area and energy compared to the DSM-based multiplier while having almost the same accuracy level as the DSM-based multiplier. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· The adders used for arithmetic binary operations have a major impact on the performance parameters in any processing unit. 
· To evaluate the impact of changing the multiplier size, each multiplier is exploited to design 16-bit and 32-bit multipliers.
· Multiplication is a fundamental high-energy operation in image processing and deep learning applications.
· Prior works have explored different techniques to reduce the cost of multiplication using approximate multipliers. 
· This multiplier design is appliable to both signed and unsigned multiplications and is constructed by modifying the conventional multiplication method at the algorithm level. 
2.2. PROPOSED SYSTEM 
· The proposed design, multiplication is performed by shift, add, and small fixed-width multiplication operations leading to large enhancements within the energy consumption and area occupation compared to those of the exact multiplier. 
· Moreover, the proposed approximate multiplier has a nearly normal error distribution with near zero mean value. 
· The proposed multiplier was scalable and outperformed other approximate multipliers in terms of speed, area, and energy. 
· The proposed 32-bit multiplier, on average, improved the energy consumption 95% compared to the exact Wallace multiplier while occupied 85% less area.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· These simplifications result in higher accuracy and performance compared to those of the state-of-the-art approximate multipliers.
· An algorithm was suggested to design efficient approximate multipliers composed of these compressors. 
· In the Arithmetic Unit, some of the adders and logical AND gates should be power gated based on the operating mode to make the design more power efficient.
· To assess the efficacy of the proposed multipliers, we have exploited them in different image processing applications such as sharpening and the JPEG image compression. 
· To estimate the efficacy of the proposed approximate multiplier in classification applications, we have trained a neural network offline with 50 hidden neurons for the MNIST data set. 
Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Energy-efficient approximate multiplication for digital signal processing and classification applications
	S. Narayanamoorthy, H. A. Moghaddam, Z. Liu, T. Park, and N. S. Kim, 
	The need to support various digital signal processing (DSP) and classification applications on energy-constrained devices has steadily grown.

	Exposing approximate computing optimizations at different levels: From behavioral to gate-level
	S. Xu and B. C. Schafer, 
	These inaccuracies can be exploited to build circuits with smaller area, lower power, and higher performance.

	Approximate computing: Energy efficient computing with good-enough results
	A. Raghunathan and K. Roy, 
	This inherent resilience is due to several factors including redundancy in the input data, the statistical nature of the computations themselves, and the acceptability (often, inevitability) of less-than-perfect results.

	Energy-efficient digital signal processing hardware design
	D. Jeon, 
	Voltage scaling is one of the most promising power saving techniques due to quadratic switching power reduction effect, making it necessary feature for even high-end processors.



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, we suggested a low-energy and area-efficient approximate multiplier in which the input operands were truncated with two different lengths, t and h, and then rounded to the nearest odd numbers to reduce the error resulted by the truncation operation. The proposed multiplier was scalable and outperformed other approximate multipliers in terms of speed, area, and energy. The proposed 32-bit multiplier, on average, improved the energy consumption 95% compared to the exact Wallace multiplier while occupied 85% less area. The latency and power consumption of the multiplication were improved in the range of 4%–41% and 89%–97%, respectively, compared to those of the exact multiplication. Comparing with the exact multiplier, the speed, area, and energy improvements of the proposed multiplier became better as the multiplier width increased. That was due to the simple and scalable calculation core of the proposed multiplier. Also, the high accuracy of the proposed multiplier made is a good choice to be exploited in image processing and classification applications. 
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