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ABSTRACT 
Today the world of communication has minimized as the trends in digital communication is reaching its high. 
The digital signal processing has become the heart and soul of digital communication, digital applications 
such as image processing, voice processing, and digital filtering applications. The MAC unit which is drawn 
most importance in the DSP, has to concerned at much greater part. Optimizing the MAC unit plays a major 
role in DSP applications, optimizing the MAC require to cut down the two parameters: Power and Latency. 
The design of the MAC unit is based on the Vedic multiplier and the Reversible DKG gate. The Vedic 
multiplier is designed with the ancient Indian mathematics based on Atharvana Veda called “Urdhva 
Triyakbhyam. The adder unit is design with the Reversible Logic DKG adder. The reversible logic is one of the 
emerging out technology which is the future of Quantum computing. It has the advantage of least power 
consumption. The increasing trends in the VLSI and Low power design have increased the need of low power 
dissipation circuits to be designed. The Vedic Multiplier has the advantage of generating the partial products 
with reduce number and decreasing the latency. The MAC unit design is programmed using Verilog - HDL 
using Xilinx ISE 14.7. The FPGA implementation is done on Spartan3E.  
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Introduction 

The MAC operation which is one of the most 
commonly used in the signal processing application 
such as filtering, signal conditioning etc. The 
technological trend now has made the MAC unit to 
implement even in the general purpose 
microprocessors. Some of the application specific 
processors consist of the built-in dedicated multiply 
and Accumulate Unit. The MAC unit first and 
foremost has the multiplication operation to be 
carried, and the working of it is very significant as it 
lies in the critical path of the data processing. The 
MAC unit consists of the Multiplier, Adder and the 
Accumulator which stores the result on the 
application of the single clock pulse.  Power 
consumption and delay are the main two factors 
that influence the throughput of any combinational 
circuit. Hence minimizing the power consumed and 
latency time will increase the efficiency of the circuit 
under design. The optimization of design is choosing 

the best possible architectural approach to obtain an 
optimum design.  

Low power has become the trend in VLSI design; the 
MAC unit also follow the approach of optimization 
to achieve maximal circuit designing parameters. 
The optimization involves choosing an algorithm and 
implementing the circuit style according to it. The 
circuit implementation first step is to select an 
appropriate algorithm, which is the highest level in 
any design, and then the circuit style i.e. the way in 
which it has to be implemented and its topology and 
lastly the technology behind the design so as to be 
implemented into the digital circuits. Depending on 
the number of gates used and their arrangements 
many of the multipliers are opted, a specific 
multiplier will be opted according to the current 
requirements of the application. Many multiplication 
techniques are mentioned over the decades, each of 
which offers different trade-offs and advantages. 
The trades off in terms of circuit area, delay, circuit 
complexity and power consumption.  

http://www.albertscience.com/
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The multiplying algorithm used in DSP has to be 
design in taking into account of two factors: one the 
latency the second is throughput. These two factors 
are considered in perspective of delay. Latency gives 
the overall delay for the computation of the 
function. It is the time required to produce the 
stable output after the application of the stable 
inputs. Throughput gives the idea of how many 
multiplication operations can be carried out in a 
given amount of time. In designing MAC unit 
multiplying block is the unit which dissipates more 
amount of power, so to reduce the power 
consumption and delay various techniques has to be 
included in the design. The loss in the digital design 
is not entertained and considered to be one of the 
major issues. Various levels of integration and 
fabrication have reduced power consumption. One 
of the most promising approaches is the Reversible 
logic. Bennett proposed that the energy dissipated in 
any system is directly proportional to the amount of 
information lost or the number bits erased.  

The design with the less number of information lost 
is Reversible logic. Reversible circuit/gate should be 
capable of generating a unique output from each 
input, and vice versa, i.e., there should be a one to 
one correspondence between the input and output 
vectors. As the number of output in a reversible 
gate or circuit has the same as the number of 
inputs, and one used is traditional NOT gate as 
reversible gate. Hence the reversible gate is always 
designed in say k x k manner, where k- input and k-
output. The importance of the reversible logic is 
that it aims in achieving the minimum quantum 
cost. It is the number of logic gate required for the 
construction of the circuit.  

Proposed Method 

A. MAC ARCHITECTURE 

The proposed architecture has a MAC unit which is 
incorporated with a fastest acting Vedic multiplier in 
the data path and the multiplied output of the Vedic 
Multiplier is fed back into the Reversible adder 
which is initially reset. The final result obtained after 
the partial products addition is stored in the 
Accumulator register. The Fig 1 shows the Basic MAC 
unit based on the Vedic multiplier with the 
reversible adder built using Urdhva Triyakbhyam 
sutra with adder designed using DKG reversible logic 
gate is fitted to the MAC architecture. In order to 
improve the speed of the MAC unit there are two 
major bottlenecks. The first is the partial products 
reduction network and that is used in multiplication 

block and the second is the adder in the 
accumulator. Vedic Mathematics is originated from 
the ancient Indian arithmetic sutras. This derives 
from the Vedas. It was discovered in twentieth 
century. The name Vedic mathematics has its roots 
with total of sixteen principles, they are named as 
sutras. The Vedic multiplier used in the proposed 
design is based on one of the popular multiplication 
sutra called “Urdhva-Triyakbhyam”.  
The proposed MAC architecture is further divided 
into three modules: 
1. Design of 64-Bit Vedic Multiplier using Urdhva 
Triyakbhyam sutra.  
2. Design of DKG gate using reversible logic.  
3. Accumulator design which integrates both the 
Vedic multiplier and reversible adder.  
 

 
 

Figure 1: Proposed MAC Unit Design 
 
B. 64 X 64 VEDIC MULTIPLIER 

Fig 2 shows the 64 x 64 Vedic multiplier. With 
referring to the figure it is easy to understand that 
the Vedic multiplier has to be designed by following 
the hierarchical method. The design of the Vedic 
multiplier requires the lower level bit multiplier say 
32 x 32 bit for the design of 64 x 64 Vedic multiplier. 
The design further requires 16, 8, 4 and finally the 2 
bit multiplier. Hence it is easy to extend the 
multiplier architecture to the higher level by keeping 
its modularity. The design requires the intermediate 
adder stage. The adder stage it of the reversible logic 
adder design using one of the most popular 
reversible gate DKG gate. The two number A and B 
are applied in the crosswise order. The inputs are of 
64 bit and final result will be maximum of 128 bit. 
The logic behind the operation of the architecture is 
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the given number which is of 64 bit is sub divided 
into two halves each of 32 bit. The input to the first 
stage of multiplier will be lower halve of both the 
numbers, second and third stage will be swapped 
halves of the two and the final and fourth stage will 
be the upper half of the numbers. The multiplication 
operation is followed by the addition operation 
which can add 64 bit numbers and the sum will be 
saved, the carry if generated will be added to the 
next successive stages and so on. The adder will be 
appended with zeros to one of the input in order to 
equate the number of bits so as the addition 
operation can be performed without any error. 
Three DKG adder stage can be rectified by inspecting 
the architecture of the 64 bit multiplier. The adder is 
responsible to provide the carry o0f the last stage 
where the output of the last stage adder is 
considered as the sum. The LSB sum bits will be 
directly taken from the first stage of the multiplier. 
The architecture has the 32 bit multiplier whose 
architecture is the photocopy of the 64 bit multiplier 
except the difference is the 32 bit architecture 
consists of the inputs to be 32 bits and the 
Reversible DKG adder of 32 bit. Ca in the 
architecture refers to the carry generated in that 
particular stage of operation. 
 

 
Figure 2: 64 x 64 Vedic Multiplier Architecture 

 
C. Urdhva Triyakbhyam Sutra 

Let us consider the sutra by taking the example two 
decimal numbers for simplification. A= 9284 and 
B=5137. The figure 3.3 shows the multiplication of 
two numbers using Vedic sutra. The unit digit of A is 
multiplied with the unit digit of B (4*7 =28). In this 
case the result will be 28. Here the 8 i.e., the unit 

digit is retained as the unit place of the sum and 2 
will be considered as the carry. The step 2 involves 
multiplying the unit place of one number with the 
tenth place of other and vice versa. Finally adding 
the result obtained from both the 
products.((8*7)+(4*3)= 56+12 = 68 ). Now the result 
is 68, remember the carry generated in the last stage 
of multiplication was 2. The carry has to be added to 
the result of this stage multiplication. (68+2=70). 
Now the carry will be 7 with 0 as second digit in the 
sum. The stage includes the multiplication of 3 digits 
of both the numbers in crosswise and the middle 
digit vertically with the two numbers written one 
below the other. The result now is 42 ((7*2) + (3*8) 
+ (1*4) = 42). The carry in the previous stage was 7. 
Add with the current result so it becomes 49. The 
carry of 4 and 9 becomes the third digit in the sum. 
The stage 4 includes the multiplication of 4 digits 
taken at a time. (Note here the maximum number of 
digits is 4). ((4*5) + (8*1) + (2*3) + (9*7) =97). The 
result should be added with the carry of the previous 
stage. 97+4= 101. Now the special case of carry can 
be seen, where the carry is 10, which means at the 
end of each stage only one digit can be passed to the 
sum and all other digits considered as carry. The 
next stage 5 involves the multiplication of numbers 
now with taken 3, but with the reverse order 
starting from the right side. (9*3)+ (2*1) + (8*5) = 
69. The carry was 10 so result will be 79, with 7 carry 
and 9 as the fifth digit in sum. The stage 6 involves 
two digits taken at a time (9*1) + (5*2) = 19 carry 
added will be 7, so the result is 26. The carry at this 
stage is 2 and 6 becomes the sixth digit of the sum. 
The stage 7 also the last stage involves most 
significant bit of both the numbers to be multiplied. 
(9*5) = 45. Add the carry; the result is 45+2=47. The 
4 and 7 becomes the seventh and eight digit of the 
sum. The result obtained in the last stage will 
directly become the most significant bits of the final 
sum. The multiplication of two 4 digit numbers 
requires 8 stages of calculation yielding 8 digit of 
final sum. 

First, confirm that you have the correct template for 
your paper size. This template has been tailored for 
output on the A4 paper size. If you are using US 
letter-sized paper, please close this file and 
download the Multiplication of Two Numb 
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Figure 3: Multiplication of two numbers Using Urdhva 
Triyakbhyam Sutra 

 
D. REVERSIBLE ADDER USING DKG GATE  

The adder used in the 64 bit Vedic multiplier is the 
reversible adder called DKG gate. The design of 
adder is based on the property of the reversibility. 
The DKG gate consists of four inputs and four 
outputs among which two are garbage outputs. The 
ancillary bits which are also called the garbage bits 
are required to obtain the balancing between the 
input and output to satisfy the condition of equal 
number of input and output. The DKG gate which is 
4*4 reversible logic is shown in the Fig 4  
 

 
Figure 4: DKG Gate Working As the Full Adder 

Design method 

The MAC unit is one the critical unit on the data-
path. Hence it is very important to have a very 
fastest acting multiplier and an efficient adder to be 
used (the adder is initially set to zero). The result of 
multiplication and the addition of partial products 

give the result which will be stored in the 
Accumulator. The condition is that the MAC unit 
should produce result in single clock cycle, and the 
current addition result will be added with the 
previous addition stored in the accumulator.  

A. 2X2 Vedic Multiplier 

The 2x2 multiplier has the multiplier and 
multiplicand to be of 2 bits. It gives maximum of bits 
as result in terms of sum and carry. The inputs may 
be of any one combination from 00 to 11. (00, 01, 
10, 11). The output lies between: 0000, 0001, 0010, 
0011, 0110 and 1001. By using the Vedic sutra for 
multiplication, the 2 bit Vedic multiplier. 

 
Figure 4: Hardware realization of 2x2 Vedic multiplier 

B. 4X4 Vedic multiplier 

The next level in the design will be the 4 bit Vedic 
multiplier design. It requires the 2x2 multiplier 
design, the input multiplicands will have maximum 
of 4 bit which ranges from 0000, 0001, 
0010………..1111. The output produced will be of 8-
bit, the Vedic multiplier improvised algorithm states 
that the Vedic multiplier should have 4 input 
multiplier where the inputs will be applied in the 
vertical and crosswise order.  
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Figure 5: Hardware realization of 4x4 Vedic 
multiplier 

C. 64 x 64 Vedic Multiplier 

The 64x64 multiplier design has the 32x32 Vedic 
multiplier design. The logic of the block diagram 
remains the same based on the improvised Vedic 
Sutra. Here both the multiplicands will be of 64 bits. 
(m=64). The multiplicands have to be divided into 2 
according to the improvised algorithm. The result of 
the 32x32 multiplication will be maximum of 64bits. 
The inputs A and B are divided into two halves each 
of 32 bits (m/2). The 64 bit multiplier input ranges 
from 64‟B0, 64‟B1 ………64‟B63. 

 
Figure 6: Hardware realization of 64x64 Vedic 
multiplier 

D. DKG Adder 

The DKG gate in considered as one the reversible 
gate which works both as FULL ADDER & FULL 
SUBTRACTOR. By setting the ancillary bit to the first 

input the adder or subtractor can be selected. If 
input A=0, the proposed gate works as a reversible 
Full adder, and if input A=1, then it works as a 
reversible Full subtractor. 

IV RESULTS AND CONCLUSION 

The simulation results of the 64 Bit MAC design 
showing the MAC design. The power consumption 
and delay along with the comparison of other 
designs is shown along with the power analysis : 

 
Figure 7: Simulation output of 64 bit MAC Design 

 
Table 1: Power comparison of 64 bit MAC Design 

 
Table 2: Delay comparison of 64 bit MAC Design 
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V. CONCLUSION 

The design of MAC unit using Vedic Multiplier and 
Reversible adder has the efficiency in delay, area as 
well as power consumption. The MAC design is one 
of the critical units in the digital signal processing. 
The MAC unit should have the fastest available 
output with the less amount of power consumption 
and the area has to minimize. The Design satisfies 
the condition of being the optimized design which 
can be replaced in future application of DSP such as 
DCT (Discrete Cosine Transform), DFT (Discrete 
Fourier Transform) etc.; The Vedic multiplier has the 
property of minimizing the delay in propagation and 
the DKG gate with the advantage of lower power 
consumption. The implementation of design on the 
hardware can be done with lesser space occupied 
on the FPGA implementation. 
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