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Abstract- The area, power dissipation, speed, cost etc are the real challenges of the VLSI outline. In this paper, we have 
designed a 9-Tap FIR filter using Vedic reversible multiplier. The design is explicitly focused on achieving more speed and 
less power dissipation. The multipliers utilize the most important part of the computation in any arithmetic operation of 
CPU. Here we designed a multiplier concentrated on the speed and the power dissipation. The speed of the multiplier is 
increased by designing it with a concept called Vedic mathematics. Vedic mathematics consists of 16 sutras (algorithms), out 
of which Urdhva Tiryakbhyam (UT) sutras is used for multiplication. Hand in hand with speed, power reduction is also 
important. We have used a technique called reversible logic with which Vedic multipliers can be implemented. The 
combination of reversible logic and Vedic multiplier turns into a perfect system where both low power and speed can be 
achieved. The proposed digital 9-Tap FIR filter is coded using verilog language and the performance of the design is 
evaluated and synthesized using Xilinx 13.1 synthesis tool. 
 
Index Terms- Finite Impulse Response (FIR) Filter, Urdhva Tiryakbhayam (UT), Vedic Multiplier, Reversible Logic, 
Quantum Cost. 
 
I. INTRODUCTION 
 
Vedic mathematics is a part of Vedas (books of 
intelligence). It is a piece of “Sthapatya- Veda”, 
which is an upa-veda (supplement) of “Atharva 
Veda”. It gives clarification of a few scientific terms 
counting number juggling, geometry (plane, co-
ordinate), trigonometry, quadratic mathematical 
statements, factorization and even analytics. His 
Holiness “Jagadguru Shankaracharya Bharati Krishna 
Teerthaji Maharaja” (1884-1960) included this work 
together and issued its scientific clarification while 
examining it for different applications. Swamiji built 
16 sutras (formulae) and 16 Upa sutras (sub 
formulae) after far reaching research in “Atharva 
Veda” [1]. Urdhva Tiryakbhayam sutra is the 
efficient multiplication algorithm which reduces the 
computation time.  Another important issue in the 
VLSI design is the power dissipation. The reversible 
concept is becoming the upcoming technology in the 
coming decade, which is used to reduce the power 
dissipation due to the information loss. 
 
II. LITERATURE SURVEY 
 
Vedic mathematics [1] is the antiquated Indian 
arrangement of mathematics which fundamentally 
manages Vedic numerical formulae and their 
application to different branches of mathematics. 
Vedic mathematics was remade from the antiquated 
Indian scriptures (Vedas) by Sri Bharati Krishna 
Tirtha (1884-1660) after his exploration on Vedas. He 
developed 16 sutras and 16 upa sutras after broad 
research in Atharva Veda.  It has been discovered that 
Urdhva Tiryakbhayam is the most proficient among 
these. 

The [2] paper presents a comparison between the 
Vedic multiplier with the booth multiplier. The [3] 
paper presents a comparison between Vedic 
multiplier and Modified Booth Wallace Multiplier. 
Here 4bit Urdhva Tiryakbhayam multiplier is 
compared with modified booth wallace multiplier and 
some other designs and concluded that Vedic 
multiplier has less delay. 
This paper presents a concept of irreversibility and 
the heat generation. Here the author Landauer 
concluded that, information loss results in heat 
generation. Any bit change will be considered as an 
information loss. If a bit changes from 1 to 0, that is 
one bit of information loss. And the one bit of 
information loss results in a heat generation of 
KTln(2) joules[4]. The paper [5] presents a logical 
reversibility of the computation. In this paper author 
concluded that, if any operation is reversible, then 
there is no heat generation. According to second low 
of thermodynamic the entropy of any reversible 
process is constant. 
The paper [6] presents 4 bit Vedic multiplier using 
reversible logic. Here they introduced a term called 
TRLIC, which is a sum of all the cost metrics such as 
quantum cost, garbage outputs, constant inputs and 
number of gates. Author compared his design with 
others in terms of TRLIC.  
 
III. REVERSIBLE LOGIC 
 
Reversible logic is the one of the upcoming 
technology used to reduce the heat generation due to 
the information loss. It has been proven that 
information loss will be result in an energy loss [4]. 
So by using reversible logic gates in the VLSI design 
we can avoid energy loss. To make any logic process 
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reversible there are two conditions should be 
satisfied. 

1. Physically Reversible: When number of inputs 
equal to number of output.  

2. Logically Reversible: When its input and 
output be uniquely retrievable from each other. 

 
The performance parameters of the reversible logic 

are 
1. Quantum Cost (QC): This is the minimum 

number of primitive gates  used for the design. 
2. Garbage Outputs (GO): These are the number of 

outputs which are not taking part in the 
realization of the design. 

3. Constant Input (CI): These are the number of 
inputs which are not taking part in the design. 

4. Number of Gates (NO): These are the number of 
reversible gates used for the design. 

The design rule of the reversible logic gate is, all the 
performance parameter should be reduced.   
The limitation of the reversible design is, they do not 
allow fan out and no feedback is permitted. 
The basic reversible logic gates used during the 
design are given in the figure 1. It shows the number 
of inputs/outputs and input/output vectors. 
 
1. HNG Gate: 
It is a 4x4 bit gate and its quantum cost is six. The 
input vectors are I= (A, B, C, D) and output vectors 
are O= (A, B, A    B    C, (A    B) C    AB    D). It is 
used for designing full adders.  
 
2. Toffoli Gate [TG]: 
It is a 3x3 gate and its quantum cost is two. Usually it 
is used to realize AND function; it is also used for 
realizing XOR function. The input vectors are I= (A, 
B, C) and output vectors are O= (A, B, AB     C). 
 
3. Peres Gate [PG]: 
It is a 3x3 gate and its quantum cost is four. Peres 
Gates are usually used to realize the half adders, it 
can also be used to implement XOR and AND 
functions. The input vectors are I= (A, B, C) and 
output vectors are O= (A, A     B, AB     C). 
 
4. Fredkin Gate [FG]: 
It is a 3x3 gate and its quantum cost is five. Fredkin 
Gate is normally used to implement a Multiplexer. 
The input vectors are I= (A, B, C) and output vectors 
are O= (A, AB + AC,AC +AB). 
5. TSG Gate: 
It is a 4x4 gate and its quantum cost is 8. It can be 
used to implement adders like carry skip adder and 
carry bypass adders. The input vectors are I= (A, B, 
C, D) and output vectors are O= (A, (AC     B ), (AC     
B)     D, (AC     B) D     (AB      C)). 
6. Feynman gate [FG]: 
It is a 2x2 gate and its quantum cost is 1. It is used to 
implement XOR gate. The input vectors are I= (A, B) 
and output vectors are O= (A, A    B). 

 
Figure 1: Reversible gates 

 
IV. URDHVA TIRYAKBHAYAM(UT) 
MULTIPLICATION ALGORITHMS 
 
Urdhva Tiryakbhayam(UT) is the most popular sutra 
in the Vedic mathematics for multiplication and most 
widely used. The meaning of this is “vertically and 
crosswise“ multiplication. This sutra can be 
applicable to decimal number multiplication as well 
as binary multiplication. Urdhva Tiryakbhayam 
multiplier increases the speed of multiplication by 
generating all the partial products concurrently. The 
UT multiplier reduces the requirement of half adder, 
full adder greatly. The figure 2 shows how actually 
vertical and crosswise multiplication takes places in 
the Urdhva Tiryakbhayam(UT) multiplier. 
 

 
Figure 2: Urdhva Tiryakbhayam (UT) multiplier 

 
V. METHODOLOGY 
 
A.Design of 4 bit Vedic Urdhva Tiryakbhayam (UT) 
multiplier 
The equation for the 4bit Vedic Urdhva 
Tiryakbhayam(UT)  multiplier is given below . The 
equation is formed according to the functioning of the 
Urdhva Tiryakbhayam sutra. The logic diagram of the 
4 bit Vedic Urdhva Tiryakbhayam (UT) multiplier is 
shown in figure 3. It consists of 7 full adders, 6 half 
adders, 16 AND gates and 1 XOR gate. 
P0 = a0b0  
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c1p1 = a1b0 + a0b1     
c3c2p2 = a2b0 + a1b1 + a0b2 + c1 
c5c4p3 = a3b0 + a2b1 + a1b2 + a0b3 + c3c2 
c7c6p4 = a3b1 + a2b2 + a1b3 + c5c4  
c9c8p5 = a3b2 + a2b3 + c7c6 
p7p6 = a3b3 + c9c8 
B. Design of 4 bit Vedic Reversible Multiplier 
To design reversible multiplier all seven full adders 
(FA) are replaced by HNG gates, six half adders 
(HA) replaced by Peres gates, sixteen AND gates 
replaced by Toffoli gates (TG) and single XOR gate 
by Feynmen gate (FG). The 4 bit Vedic reversible 
multiplier is shown in figure 4. 
 

 
Fig 3: 4bit Vedic Multiplier 

 

 
Fig 4: 4 bit Vedic Reversible Multiplier 

 
The performance parameters of the proposed 4bit 
Vedic reversible multiplier is QC =90, CI=29, 
GO=52, NO =30. The term [6] Total Reversible 
Logic Implementation Cost (TRLIC) is the sum of all 
the performance parameters. The TRLIC of the 
proposed design is 201.  
C.Four Adder Topologies Using Reversible Logic 
Reversible 8 bit ripple carry adder,carry skip 
adder,carry bypass adder and carry save adder shown 
in figure 5,6,7 and 8 respectively. Figure 9 shows 
block diagram of 4x4 multiplier. 
 

 
Fig 5: 8 Bit Reversible Ripple Carry Adder 

 
Fig 6: 8 bit Reversible Carry Skip Adder 

 

 
Fig 7: 8 bit Reversible Carry Bypass Adder 

 

 
Fig 8: 8 bit Reversible Carry save Adder 

 

 
Fig 9: Block Diagram of 4x4 UT Multiplier 

 
D. Design of four 8bit vedic reversible multipliers 
1. Design of 8bit Vedic Reversible Multiplier Using 
Ripple Carry Adder 
Here 8 bit Vedic reversible multiplier is designed by 
using three 8bit ripple carry adder. The performance 
parameters of the design are QC=504, CI=140, 
GO=256, NG=144. The reversible 4bit ripple carry 
adder is shown in the figure 5. 
 
2. Design of 8bit Vedic Reversible Multiplier Using 
Carry Skip Adder 
Here 8 bit Vedic reversible multiplier is designed by 
using three 8bit carry skip adder. The performance 
parameters of the design are QC =654, CI =158, GO 
= 280, NG =168. Reversible carry skip adder is 
designed using reversible TSG, PG, FRG gates. 8bit 
reversible carry skip adder is shown in the figure 6. 
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3. Design of 8bit Vedic Reversible Multiplier Using 
Carry Bypass Adder 
Here 8 bit Vedic reversible multiplier is designed by 
using three 8 bit carry bypass adder. The performance 
parameter of the design is given as QC =651, CI 
=161, GO =280, NG =168. The reversible 8bit carry 
bypass adder is shown in the figure7. 
4. Design of 8bit Vedic Reversible Multiplier Using 
Carry Save Adder  
Here 8 bit Vedic reversible multiplier is designed by 
using three 8 bit carry save adder. The performance 
parameters of the design are QC =594, CI =164, GO 
=277, NG =168. The reversible 8 bit carry save adder 
is shown in the figure 8. 
E. Finite Impulse Response Filter 
In this paper we have designed a FIR filter using 
Vedic reversible multiplier using carry save adder. 
Mathematical expression for FIR filter is given by  
푦(푛) = ∑ ℎ(푘)푥(푛 − 푘)  
Where h (k) is tap coefficient  
          x (n-k) is the input data 
Basic FIR filter architecture in canonical form is 
shown in the figure 10. 
Tap coefficients and input data sequence are 
represented by h(n) and x(n 
h(n)={h(0),h(1),h(2),h(3),h(4)} 
 x(n)={x(n),x(n-1),x(n-2),x(n-3),x(n-4)} 

 

 
Fig 10: FIR Filter architecture 

 
The tap coefficient length is 5 and the input data 
length is also 5. So the order of the filter is given by 
the formula  
FIR filter length=M+N-1  
Where M=Number of tap coefficient, N=Number of 
input data 
So the length of the filter is given by 5+5-1=9. The 
order of the filter is 9. 
Equations 1 to 25 gives output values. 
m (0)=x(n).h(0)----(1)       m (1)=x(n).h(1)--------(2) 
m (2)=x(n).h(2)--- (3)       m (3)=x(n).h(3)--------(4)   
m (4)=x(n).h(4)----(5)       m (5)=x(n-1).h(0)-----(6) 
m (6)=x(n-1).h(1)- (7)       m (7)=x(n-1).h(2)-----(8) 
m (8)=x(n-1).h(3)--(9)       m (9)=x(n-1).h(4)----(10) 
m (10)=x(n-2).h(0)-(11)    m (11)=x(n-2).h(1)---(12) 
m (12)=x(n-2).h(2)-(13)    m (13)=x(n-2).h(3)---(14) 
m (14)=x(n-2).h(4)--(15)    m (15)=x(n-3).h(0)---(16) 
m (16)=x(n-3).h(1)--(17)    m (17)=x(n-3).h(2)---(18) 
m (18)=x(n-3).h(3)--(19)    m(19)=x(n-3).h(4)----(20) 
m (20)=x(n-4).h(0)--(21)    m(21)=x(n-4).h(1)----(22) 
m (22)=x(n-4).h(2)--(23)    m(23)=x(n-4).h(3)----(24) 
m (24)=x(n-4).h(4)--(25) 
Equations 26 to 34 gives output sequences. 
y (1)=m(0)                                                          (26) 
y (2)=m(1)+m(5)                                                (27) 

y (3)=m(2)+m(6)+m(10)                                    (28) 
y(4)=m(3)+m(7)+m(11)+m(15)                         (29) 
y(5)=m(4)+m(8)+m(12)+m(16)+m(20)             (30) 
y(6)=m(9)+m(13)+m(17)+m(21)                       (31) 
y (7)=m(14)+m(18)+m(22)                                (32) 
y (8)=m(19)+m(23)                                            (33) 
y (9)=m(24)                                                        (34) 
 
VI. RESULTS, ANALYSIS AND 
COMPARISONS 
 
In this work, 8bit Vedic reversible multiplier is 
designed using Xilinx version 13.1 and that multiplier 
is used to design a 9-Tap FIR filter. Here the 
comparison of the proposed design with the existing 
design is done in terms of Total Reversible Logic 
Implementation Cost (TRLIC) [6]. First the 4bit 
Vedic reversible multiplier is designed and compared 
with the existing designs. The proposed 4bit 
multiplier gives 26.3% [7] improvement compared to 
the best existing design.  
 
In the second stage, four 8bit Vedic multipliers are 
designed by using ripple carry adder, carry skip 
adder, carry save adder and carry bypass adder for 
cascading. The comparison of four 8 bit multipliers 
shown in the table 1. All the four designs are 
compared in terms of TRLIC. TRLIC of multiplier 
using ripple carry adder is less but the delay of the 
ripple carry adder is more [8].   

 
TABLE1: comparison between four 8bit designs 

 
 

While comparing the other three multipliers, 8 bit 
Vedic reversible Multiplier using carry save adder 
has TRLIC=1203 which is 4.52% less than multiplier 
using carry skip adder and  multiplier using carry 
bypass adder. The less TRLIC indicates less number 
of gates and small size of the design. Hence  8 bit 
vedic reversible multiplier using carry save adder is 
used to design the 9-Tap FIR filter. 
The Three different test cases to test the designed FIR 
filter are given in the table 2.  
 

Table 2: Test Cases for the FIR Filter 
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The RTL of the 9-TAP FIR filter is shown in figure 
11 and the simulation result is given in figure 12.  
 

 
Fig 11: RTL Of FIR Filter 

 

 
Fig 12: Simulation  Result  of FIR Filter 

 
CONCLUSION 
 
The 9-Tap FIR filter using Vedic reversible multiplier 
has been designed and simulated using Xilinx 13.1 
tool. Here we compared the performance of the 
design in terms of reversible logic parameters, which 
included QC, NO, GO, and CI. The reduction of 
TRLIC which is a combination of all above 
mentioned parameter was the objective and hence 
achieved. Since carry save adder has better speed 
compare to carry skip adder, carry bypass adder and 

ripple carry adder, it is used in the multiplier block of 
entire FIR filter. 
 
The designed 4 bit Vedic reversible multiplier 
improves the performance by 26.3% compared to the 
existing designs in terms of TRLIC. The 8 bit 
multiplier using carry save adder has TRLIC 1203 
which is 4.52% less than multiplier using carry skip 
adder and multiplier using carry bypass adder. The 
less TRLIC indicates less number of gates and small 
size of the design. Also we designed a 9-Tap FIR 
filter using the proposed multiplier and are simulated 
using Xilinx ISE13.1 tool. 
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