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Abstract: - The ever increasing demand in enhancing the 

ability of processors to handle the complex and challenging 

processes has resulted in the integration of a number of processor 

cores into one chip. Still the load on the processor is not less in 

generic system. This load is reduced by supplementing the main 

processor with Co-Processors, which are designed to work upon 

specific type of functions like numeric computation, Signal 

Processing, Graphics etc. in which the Arithmetic Unit is most 

dominant Co-Processor which perform Arithmetic operations like 

addition, subtraction, multiplication and division. Without these 

operations which are performed by Arithmetic Unit no 

Technology can exist in real world. Faster Operations are of 

extreme importance in Arithmetic Unit. The speed of Arithmetic 

Unit depends greatly on the multiplier. ; Therefore, engineers are 

constantly looking for new algorithms and hardware to implement 

this operation in much optimized way in the terms of area and 

speed. In algorithmic and structural levels, numerous 

multiplication techniques have been developed to enhance the 

efficiency of the multiplier which concentrates in reducing the 

partial products and the methods of their addition but the 

principle behind multiplication remains the same in all cases. 

Vedic Mathematics is the ancient system of mathematics which 

has a unique technique of calculations based on 16 Sutras. 

Employing these techniques in the computation algorithms of the 

coprocessor will reduce the complexity, execution time, area etc. 

Though there are many sutras employed to handle different sets 

of numeric, exploring each one gives new results. Our work has 

proved the efficiency of Urdhva Triyakbhyam-Vedic method for 

multiplication which strikes a difference in the actual process of 

multiplication itself. It enables parallel generation of intermed 

Urdhvaiate products, eliminates unwanted multiplication steps 

with zeros and scaled to higher bit levels using Karatsuba 

algorithm with processors, the compatibility to different data 

types. This Sutra was traditionally used in ancient India for the 

multiplication of two decimal numbers in relatively less time. In 

this paper, after a gentle introduction of this Sutra, it is applied to 

the binary number system to make it useful in the digital 

hardware. The hardware architecture of the Vedic multiplier is 

presented and is shown to be very similar to that of the popular 

array multiplier. We have seen that much delay is consumed by 

the conventional adders which are used to generate the partial 

products so we have further optimized the Vedic multiplier 

“Urdhva Triyakbhyam” algorithm by replacing the conventional 

adder with the Carry save Adder to achieve further Delay 

Optimization. The proposed design show improvement of speed 

over the conventional designs and then the result achieved by the 

proposed method has been compared by Karatsuba Multiplier. 

After the presentation of the Vedic multiplier in this paper we 

have used it for the implementation of Arithmetic unit using 

optimized Vedic Multiplier which is not only useful for the 

optimizing the arithmetic unit of ALU but also is useful in the 

field of digital signal processing directly as we have put area and 

delay optimized MAC unit in our module of arithmetic unit. The 

proposed Arithmetic unit is coded in Verilog HDL, synthesized 

and simulated using Xilinx software. The Arithmetic Unit is 

implemented on a FPGA device Spartan XC3S500-5-FG320 using 

Xilinx tool. Finally, the implemented design has been tested by 

using Built in Self-Test, which shows that this Arithmetic unit is 

completely fault free. 
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I. INTRODUCTION 

As we know that we have entered in the digital domain 

where the digital signal processing is of main concern. The 

performance of DSP is mainly dependent upon the MAC 

unit. So by optimizing the MAC unit we can optimize the 

Digital Signal Processor, where our proposed Arithmetic unit 

can be very useful. Further today‟s CPUs are increasingly 

working on higher frequencies with reduction in size of 

transistor. Arithmetic and Logic Unit is one of the most 

important and critical blocks in CPU. Hence it is imperative 

to have fast and efficient ALU. ALU is the important unit in 

Microprocessor/Microcontroller and CPU that performs 

Arithmetic operations like Addition, Subtraction, 

Multiplication and Division and Logical operations. Mostly 

in all of the ALU‟s the Logical operations are performed 

with the use of Pipelining and Parallel processing Approach. 

And that‟s why the delay of the all the Logical operations is 

of only one gate Delay. For example if in the 32 bit ALU 

“and” operation is going to be performed then there will be 

the array of thirty two and gates in parallel and the anding 

operation will get performed in parallel way. So there is not 

much Delay problem regarding the Logical Operations. But 

this problem is highly concerned with the Arithmetic 

Operations. And that‟s why we have designed a Delay 

optimized Arithmetic unit for the ALU‟s. Multiplication is 

the most time consuming amongst the basic mathematical 

calculation. With these considerations, it is always important 

to have fast and efficient mechanism to implement 

mathematical functions. As a student in India, Vedic 

Mathematics is a name which is heard many times with 

reference to the techniques for solving mathematics problem 

mentally. One of the main purposes of Vedic mathematics is 

to transform the tedious calculations into simpler, orally 

manageable operation without much help of pen and paper. 

Any ordinary human can perform mental operations for very 

small magnitude of numbers and hence Vedic mathematics 

provides techniques to solve operations with large magnitude 

of numbers easily. Vedic mathematics provides more than 

one method for basic operations like multiplication and 

division. For each operation there is at least one generic 

method provided along with some methods which are 

directed towards specific cases simplifying the calculations 

further.[6],[7] has described the Vedic mathematics 

thoroughly. Vedic mathematics provides algorithms to 
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simplify the mathematics and hence is perfect solution for 

the problem stated. We have used the Urdhva Triyakbhyam 

sutra for multiplication. Here we have replaced the 

Conventional Adder which is required during the Partial 

Product generation with the Carry Save Adder (CSA). As 

CSA converts the multi-operand addition into the simple two 

operand Addition and so the Delay get reduced. 

 

II. PROPOSED ARITHMETIC UNIT 

Our Proposed 32x32 bit Arithmetic Unit is shown in the 

following:-  
  

 
 

  

 
 

                                         

      

  
 

 
Fig 1.Arithmetic Module 

Here the A and B are the two 32 bit inputs of our 

Arithmetic Unit. And other sections of the design are self-

explanatory.  We have not given much emphasis on the 

designing of the adder/subtractor circuits as they are not 

listed as the modules which consumes high amount of area 

and power in ALU. But after a deep we found that In 

general, carry ripple adders can be used when they meet 

timing constraints because they are compact and easy to 

build. At word lengths of 32, tree adders are distinctly faster. 

Good logic synthesis tools automatically map the “+” 

operator onto an appropriate adder to meet timing constraints 

while minimizing the area. For example, the Synopsys 

Design-ware libraries contain carry-ripple adders, carry 

select adders, carry look ahead adders and a variety of prefix 

adders. The subtractor can be designed by the use of adder 

circuitry with the two‟s complement algorithm. [8] Has used 

the Vedic algorithm for the design of multiplier. For 

designing the sub module “Multiplier” we have also used the 

Vedic algorithm of multiplication named Urdhva 

Triyambakam multiplier with carry CSA .Urdhva 

Triyakbhyam Sutra is a general multiplication formula 

applicable to all cases of multiplication. It literally means 

“Vertically and Cross wise”. To illustrate this multiplication 

scheme, let us consider the multiplication of two decimal 

numbers (5498 × 2314). The conventional methods already 

know to us will require 16 multiplications and 15 additions. 

An alternative method of multiplication using Urdhva 

Triyakbhyam Sutra is shown in following figure. The 

numbers to be multiplied are written on two consecutive 

sides of the square as shown in the figure. The square is 

divided into rows and columns where each row/column 

corresponds to one of the digit of either a multiplier or a 

multiplicand. Thus, each digit of the multiplier has a small 

box common to a digit of the multiplicand. These small 

boxes are partitioned into two halves by the crosswise lines. 

Each digit of the multiplier is then independently multiplied 

with every digit of the multiplicand and the two-digit product 

is written in the common box. All the digits lying on a 

crosswise dotted line are added to the previous carry. The 

least significant digit of the obtained number acts as the 

result digit and the rest as the carry for the next step. Carry 

for the first step (i.e., the dotted line on the extreme right 

side) is taken to be zero [1]. Now we come to hardware 

design part of Vedic Multiplier. The design starts first with 

Multiplier design that is 2x2 bit multiplier as shown in 

following figure. 

 
Fig 2. Vedic Multiplication on Decimal Numbers 

Here, “Urdhva Triyakbhyam Sutra” or “Vertically and 

Crosswise Algorithm” [2] for multiplication has been 

effectively used to develop digital multiplier architecture. 

This algorithm is quite different from the traditional method 

of multiplication, which is to add and shift the partial 

products. 

 

 Fig 3. 2 Bit Multiplier 
To scale the multiplier further, Karatsuba – Of man 

algorithm can be employed [3]. Karatsuba-Of man algorithm 

is considered as one of the fastest ways to multiply long 

integers. It is based on the divide and conquer strategy [5]. A 

multiplication of 2n digit integer is reduced to two n digit 

multiplications, one (n+1) digit multiplication, two n digit 

subtractions, two left shift operations, two n digit additions 

and two 2n digit additions. For Multiplier, first the basic 

blocks, that are the 2x2 bit multipliers have been made and 
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then, using these blocks, 4x4 block has been made by adding 

the partial products using carry save adders and then using 

this 4x4 block, 8x8 bit block, 16x16 bit block and then 

finally 32 x 32 bit Multiplier .  the block diagram using the 

Vedic algorithm for multiplication named Urdhva 

Triyambakam  multiplier with carry CSA is given in the 

following:-  [10] Has designed the MAC unit with the use of 

Vedic algorithm. For the MAC unit we have used the same 

multiplier which is described previously for the multiplier 

block, fitted in the data path and the multiplied output of 

multiplier is fed into a fast adder which is set to zero initially. 

The result of addition is stored in an accumulator register. 

The MAC unit should be able to produce output in one clock 

cycle and the new result of addition is added to the previous 

one and stored in the accumulator register. Figure given 

below shows MAC architecture which is used by us to 

design the Arithmetic Unit. 

 

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 

 

 

 
Fig 4. 32 Bit Multiplier with Carry save Adder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
      

   Fig 5. MAC Unit 

After designing of the Arithmetic Unit, testing of this Co-

processor is required. [12] Has given the design guideline to 

design the BIST module. For this we are going to use BIST. 

This is the mixed-mode (Hybrid) BIST which generates the 

test patterns in the two separate phases in which first one is 

pseudo random and second one is deterministic which can be 

chosen by us through MODE selection as per the 

requirement. Here the decoder generates the deterministic 

pattern by using column matching method. LFSR is Linear 

F/b Shift Register which generates the pseudo random 

patterns. Mode decides the input for the CUT that it will be 

pseudo random or deterministic. Circuit under Test is 

acronym of CUT where the circuit is put which is going to be 

tested. Multiple I/p Signature Response analyzer is acronym 

of MISR, which tells that the circuit is faulty or fault free. 

The diagram of Mixed-mode BIST is given in the following:- 

 

      

      

      

      

      

      

      

      

      

      

       

 

 

  
          Fig 6. Mixed mode Bist 

 

III. RESULT 
Table given below displays the comparison of 

combinational path delay of the proposed Arithmetic Unit 

with optimized Vedic multiplier. 

Table 1: Comparative Table 

S.No. Algorithms Max. Combinational 
Path Delay in Nano 
sec. 

1. Karatsuba Multiplier 82.834 ns 

2. Optimized Vedic 

Multiplier 

31.526 ns 

 

III. CONCLUSION 

We have designed the 32x32 bit Arithmetic Unit which 

provides better results with respect to the Karatsuba 

Multiplier and as dynamic power is directly proportional to 

the clock frequency consumed to perform any operation. So, 

we can say that our design also reduces the dynamic power 

directly. This optimized Arithmetic Unit is very useful for 

designing the delay and power optimized ALU, which can 

provide direct impact on the Microprocessor/microprocessor 

and CPU whose performance is dependent on the speed of 

ALU. Our design can also be used for optimizing the MAC 

unit of DSP. And thus the optimized designs can be made for 
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FFT, FIR, IIR, and DFT whose performance is dependent on 

the speed of MAC unit. 
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