
VEDIC MULTIPLIER USING HALF ADDER AND FULL ADDER FOR MODERN PROCESSORS
CHAPTER 1

INTRODUCTION
1.2 AREA OF INTEREST
 
Research is conducted in VLSI circuits and computer-aided design, building blocks for new circuit technology, integrated circuit testing and fault diagnosis, digital signal processing, computer-aided synthesis, field programmable gate arrays (FPGAs), and design of low-power circuits. Software tools are under development to assist engineers in the simulation and design of VLSI circuits.

Portable communication and computation have driven the need for low-power electronics. Recent progress has been made in creating tools for estimating power dissipation in CMOS circuits. The research approach is to use accurate and efficient power estimation techniques to drive the design of new low-power systems. Software tools for testing integrated circuits, rapid fault simulation, and failure analysis are also being developed.

New solid state technology and logic devices have provided the opportunity to change the way that digital systems are designed. Recent research has been initiated on automatic architecture synthesis for FPGAs, hardware and software co-design, low-power data path synthesis, and smart power SOC integrated circuits.

The VLSI Design and Test Laboratory consists of a suite of high-performance workstations, integrated circuit testers, and commercial computer-aided design software. The laboratory is used for designing low-power and highly testable integrated circuits and for developing design automation software for fault diagnosis, testing, simulation, power estimation, and synthesis.
CHAPTER 2
SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

An array multiplier is very regular in structure. It uses short wires that go from one full adder to adjacent full adders horizontally, vertically or diagonally [3]. An n × n array of AND gates can compute all the terms simultaneously.

 
The terms are summed by an array of “n [n - 2]”full adders and „n‟ half adders. The shifting of partial products for their proper alignment is performed by simple routing and does not require any logic. The number of rows in array multiplier denotes length of the multiplier and width of each row denotes width of multiplicand. The output of each row of adders acts as input to the next row of adders. Each row of full adders or 3:2 compressors adds a partial product to the partial sum, generating a new partial sum and a sequence of carries.
The delay associated with the array multiplier is the time taken by the signals to propagate through the AND gates and adders that form the multiplication array. Delay of an array multiplier depends only upon the depth of the array not on the partial product width. The delay of the array multiplier is given by [4]:  (T critical) =[(N −1) + (N − 2)]*T(Carry) + (N −1)*T(Sum) +T(AND)  ere T (Carry) is the propagation delay between input and output carry, T (Sum) is the delay between the input carry and sum bit of the full adder, T (AND) is the delay of AND gate, N is the length of  multiplier operand.

Comparison with 4*4 Vedic multiplier using Half Adder and Full Adder compared with Array multiplier in terms of delay, power and power delay product
2.2 DISADVANTAGES OF EXISTING SYSTEM
The main disadvantage of the array multiplier is the worst-case delay of the multiplier proportional to the width of the multiplier. The speed will be slow for a very wide multiplier.

2.3 PROPOSED SYSTEM

In this proposed system, reduced the number of logic levels, thus reducing the logic delay. This proposed multiplier is based on Vedic mathematic. There are two sutras are used for multiplication. 
· Nikhilam Navatascaramam Dastah 

· Urdhvya Triyakbhyam. 
Proposed system includes Urdhvya Triyakbhyam. The multiplier is based on an algorithm Urdhva Tiryagbhyam (Vertical and crosswise). These sutras show how to handle multiplication of larger number (N X N bits) by breaking it into smaller sizes. For multiplier, first the basic blocks, that 2x2 multiplier are made and then, 4x4 block, 8x8 block, 16x16 block and 32x32 have been made to design a 64x64 multiplier.
In Microprocessors Multiplication operation is performed in a variety of forms in hardware and software depending on the cost and transistor budget allocated for this particular operation. In the beginning stages of Computer development of any complex operation was usually programmed in software or coded in the Micro-code of the machine.  Design developed for a Multiplier which generates the product of two numbers using purely combinational logic today it is more likely to find full hardware implementation of the multiplication in order to satisfy growing demand for speed and due to decreasing cost of hardware.  The execution time of most DSP algorithm is dependent on its multipliers, and hence need for high speed multiplier arises.
Nikhilam Sutra stipulates subtraction of a number from the nearest power of 10 ie 10, 100, 1000, etc. The power of 10 from which the difference is calculated is called the Base. These numbers are considered to be references to find out whether given number is less or more than the Base. If the given number is 104, the nearest power of 10 is 100 and is the base. Hence the difference between the base and the number is 4, which is Positive and it is called NIKHILAM. The value of Nikhilam may be reference base, the Nikhilam of 87 is -13 and that of 113 is +13 respectively.

Nikhilam Sutra in Vedic Mathematics can be used as shortcuts to multiply numbers, divide numbers in faster approach. In English it is translated as all from 9 and last from 10. i.e. subtract last digit from 10 and rest of digits from 9.Multiplication using Nikhilam Sutra is used when numbers are closer to power of 10 i.e. 10, 100, 1000. 

Urdhva – tiryagbhyam is the general formula applicable to all cases of multiplication and also in the division of a large number by another large number. It means “Vertically and cross wise”. Nikhilam Sutra is only applicable for base 10 but Urdhva tiryagbhyam is used for all cases. 
CHAPTER 4

SOFTWARE DESCRIPTION
4.1 INTRODUCTION TO XILINX 

Xilinx ISE (Integrated Synthesis Environment) is a software tool produced by Xilinx for synthesis and analysis of HDL designs, enabling the developer to synthesize ("compile") their designs, perform timing analysis, examine RTL diagrams, simulate a design's reaction to different stimuli, and configure the target device with the programmer.

Xilinx ISE is a design environment for FPGA products from Xilinx, and is tightly-coupled to the architecture of such chips, and cannot be used with FPGA products from other vendors. The Xilinx ISE is primarily used for circuit synthesis and design, while ISIM or the ModelSim logic simulator is used for system-level testing.
 Other components shipped with the Xilinx ISE include the Embedded Development Kit (EDK), a Software Development Kit (SDK) and Chip Scope Pro. Since 2012, Xilinx ISE has been discontinued in favor of Vivado Design Suite, that serves the same roles as ISE with additional features for system on a chip development.
 
Xilinx released the last version of ISE in October 2013 (version 14.2), and states that "ISE has moved into the sustaining phase of its product life cycle, and there are no more planned ISE releases. 

4.2 SOFTWARE DETAILS

Operating Systems 


Xilinx only supports the following operating systems on x86 and x86-64 processor architectures.

Microsoft Windows Support 

· Windows XP Professional (32-bit and 64-bit)

· Windows 7 Professional (32-bit and 64-bit)

· Windows Server 2008 (64-bit)
Linux Support 

· Red Hat Enterprise Workstation 5 (32-bit and 64-bit)

· Red Hat Enterprise Workstation 6 (32-bit and 64-bit)

· SUSE Linux Enterprise 11 (32-bit and 64-bit)

User Interface


The primary user interface of the ISE is the Project Navigator, which includes the design hierarchy (Sources), a source code editor (Workplace), an output console (Transcript), and a processes tree (Processes).


The Design hierarchy consists of design files (modules), whose dependencies are interpreted by the ISE and displayed as a tree structure. For single-chip designs there may be one main module, with other modules included by the main module, similar to the main () subroutine in C++ programs. Design constraints are specified in modules, which include pin configuration and mapping.


The Processes hierarchy describes the operations that the ISE will perform on the currently active module. The hierarchy includes compilation functions, their dependency functions, and other utilities. The window also denotes issues or errors that arise with each function.


The Transcript window provides status of currently running operations, and informs engineers on design issues. Such issues may be filtered to show Warnings, Errors, or both.
Simulation


System-level testing may be performed with ISIM or the ModelSim logic simulator, and such test programs must also be written in HDL languages. Test bench programs may include simulated input signal waveforms, or monitors which observe and verify the outputs of the device under test.
.

ModelSim or ISIM may be used to perform the following types of simulations

· Logical verification, to ensure the module produces expected results.
· Behavioral verification, to verify logical and timing issues.
· Post-place & route simulation, to verify behavior after placement of the module within the reconfigurable logic of the FPGA.
Synthesis


Xilinx's patented algorithms for synthesis allow designs to run up to 30% faster than competing programs, and allows greater logic density which reduces project time and costs.


Also, due to the increasing complexity of FPGA fabric, including memory blocks and I/O blocks, more complex synthesis algorithms were developed that separate unrelated modules into slices, reducing post-placement errors.


IP Cores are offered by Xilinx and other third-party vendors, to implement system-level functions such as digital signal processing (DSP), bus interfaces, networking protocols, image processing, embedded processors, and peripherals. Xilinx has been instrumental in shifting designs from ASIC-based implementation to FPGA-based implementation.
Editions


The Subscription Edition is the licensed version of Xilinx ISE, and a free trial version is available for download. The Web Edition is the free version of Xilinx ISE, that can be downloaded and used for no charge. It provides synthesis and programming for a limited number of Xilinx devices. In particular, devices with a large number of I/O pins and large gate matrices are disabled.


The low-cost Spartan family of FPGAs is fully supported by this edition, as well as the family of CPLDs, meaning small developers and educational institutions have no overheads from the cost of development software. License registration is required to use the Web Edition of Xilinx ISE, which is free and can be renewed an unlimited number of times.
4.3 ISE DESIGN SUITE 14.2
4.3.1DEVICE SUPPORT
Production support for the following devices:

· Kintex-7 325T

· Kintex-7 410T

· Virtex-7 X485T
· Performance increase of ~3.5% for the -2 speed grades for Kintex-7and Virtex-7 FPGAs

· Artix-7 FPGA family now supports bit stream generation

· Partial Reconfiguration support added for Zynq-7000 EPP devices

Partial Reconfiguration

· Per-frame CRC checks can be done on partial bit streams (7 series)

PlanAhead Design Tool
· Clock Planner Fly Lines - the clock tree view for physical device resources now displays fly lines to help the user visualize physical connectivity in the device.
Pin Planner

· Export menu item from I/O ports view

· Improved handling of diff pairs creation

· Support buses with ascending, descending, and negative bit indexes

· Expand selection menu item in I/O ports view

· Improved rendering focus on a cell in tables and trees

· Improved various views such as SSN report, I/O port property editing, port rendering inpackage view, and clock resources view

· Improved DRC for VCCAUXIO, VCCAUXIOBT, VCCAUXIOSTD

System Generator for DSP

· MATLAB 2012a support

· Blockset Enhancements

· Floating Point Natural Log
· Floating/Fixed Point Abs

· Interleaver/De-interleaver 7.1

· Demos and Examples Updated to target Kintex-7 device
4.3.2 IP CORE DETAILS
GMII to RGMII

· Connects seamlessly to Zynq Gigabit Ethernet Controller SMPTE SDI
· Support SD/HD/3G-SDI uncompressed serial digital video streams in the Xilinx 7 series FPGAs.
· Verilog support only Core Update Details For detailed information on core updates in 14.2, see IP Core Generator Technology.
Device Support


Designs targeting the following devices must be re-implemented (place and route) in this release of the software:

· All Artix-7 devices

· Zynq-7000 EPP 7z030 and 7z045 devices

· Xilinx recommends all customers re-run implementation through timing analysis for all designs before generating bitstream in this version of the software.

· Support for the following General ES -2 speed grade devices require patches with this software release.
· Kintex-7 325T, 480T, 420T and 410T

· Virtex-7 X485T and 2000T Memory Interface Generator. All customers must re-generate their memory controller design with MIG 7 Series Version 1.6. Invoking Xilinx Tools from the Command Line in Linux OS. For commands to invoke Xilinx tools in Linux OS.
CHAPTER 5

RESULTS AND DISCUSSIONS
5.1 EXPERIMENTAL RESULTS

It has been observed that 8x8 Vedic Multiplier is better than 8 x 8 Array multiplier. It helps a person to solve problems faster.  It provides one line answer.  Time saved has been used to answer more questions. Although both the multiplier consumes same amount of power, it is better in terms of Propagation Delay and Number of Logic Levels.  In terms of propagation delay an Array Multiplier is 31.114ns and the delay for Vedic multiplier using Half adder and Full adder is 22.489 ns. As a conclusion 8x8 Vedic Multiplier is better than 8x8 Array Multiplier in terms of propagation delay (i.e.) fastest circuit operation. 
5.2 COMPARISION OF DELAY


Table: 1 Comparison between Array Multiplier and Vedic Multiplier
	Parameters
	Array Multiplier
	Vedic Multiplier

	Delay (ns)
	31.114
	22.489

	Number of Logic Levels
	22
	18

	Power Consumption (W)
	0.034
	0.034


5.2.1 Bar Diagram 
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5.2.2 Waveform for 8-Bit Array Multiplier
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5.2.3 Waveform for 8 bit Vedic multiplier
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5.2.4 Waveform for 64 bit Vedic Multiplier
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CHAPTER 6

CONCLUSION


This project proposed a Multiplication based on “Urdhva Triyakbhyam” Sutra based on Vedic Mathematics.  The design of 8x8 Vedic Multiplier is implemented on Xilinx ISE 14.2.  It is a method for hierarchical multiplier design which clearly indicates the computational advantages offered by Vedic Methods.  Using Urdhva Triyakbhyam the path delay is found to be 22.489 ns but for Multiplier using conventional method (Array) computational path delay is found to be 31.419ns.  Hence it can be concluded that the performance of 8x8 Vedic Multiplier seems to be highly efficient in terms of speed when compared to Array Multipliers.  Reducing the time delay is very essential requirement for many applications and Vedic Multiplication technique is very suitable for this purpose. So using 8x8 Vedic Multiplier the 64x64 Vedic Multiplier is designed.
FUTURE ENHANCEMENTS

Vedic Multiplier is understood to be efficient in Speed, Power and Area.  In digital Plans with respect to further Multipliers.  Seeing all the designs of it debated above, we can accomplish that the Vedic Multiplier with Urdhva Triyagbhyam Sutra is perceived as a auspicious techniques in terms of Speed and Area.  The work can be additionally extended with the usage of such multiplier in Arithmetic and Logic Unit (ALU), multiply and Accumulate Unit (MAC) projects and comparing the outcomes with existing designs for the same. 
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