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Abstract: Multipliers play the key role in the design of high speed arithmetic logic units, Internet of things and digital 

signal processing applications. Multipliers using Vedic mathematics with different adders improve the performance of the 

multiplier. Performance parameters like less gate count and high speed are obtained in Vedic multipliers by using different 

techniques like Carry select adder, Carry save adder and Binary to Excess-1 converter. Vedic multiplier using koggestone 

adder gives better performance in terms of area, when compared to Vedic multiplier using CSLA. The multiplier is 

implemented on Spartan 3E FPGA and simulation is performed using verilog HDL. 
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I. INTRODUCTION 

 

Multipliers, adders, shift registers are key elements in 

digital processing and wireless communication. They are 

mostly used in image processing applications and it is 

essential in fields of mapping, holography, x-ray imaging, 

robotics and medical image processing[1].Array multiplier 

is the traditional method for multiplication, in which 

partial products are generated by means of AND gates. 

Adding of partial products is done by means of  ripple 

carry adders, which is time consuming process. If the size 

of multiplier & multiplicand is very large, Array multiplier 

is not suitable, Since the propagation of carrier consumes 

more time while performing addition.[2] Speed can be 

achieved by means. In order to achieve more speed, 

addition is performed by means of carry save adder (CSA) 

instead of ripple carry adder [3]-[4].Power consumption is 

also high for an array multiplier. In order to improve the 

performance of the multiplier, booth multiplier is 

designed.  

 

The performance parameters like speed, power 

consumption are improved by reducing the number of 

partial products. Signed multiplication and unsigned 

multiplication can be performed by using Booth 

multipliers. Speed can be achieved by using Radix-2, 

Radix-4 multiplier in Booth algorithm[5]-[6]. The 

performance is further improved by using udrhva 

tiryakbhyam of ancient Indian Vedic Mathematics by 

using ROM approach. Decimal and Binary multiplication 

is performed using Vedic mathematics for which area is 

very less when compared to array multiplier. Performance 

parameters such as speed, delay are improved by means of 

less computations[7].In order to improve speed addition of 

partial products is realized using carry skip technique 

which uses different sizes of adders.[8]. 

II. PRELIMINARIES 

 

A. Basic Adders: 

Half adder, full adders are the basic building blocks while 

performing addition, subtraction, multiplication and 

division. Half adder requires one XOR gate  and one AND 

gate . By using AOI technology [9]-[10] theoretical gate 

count can be computed as follows. 

 

Gate count = 6 1XOR + 1AND    1  
 

Half adder consumes three units of delay for generation of 

sum and one unit of delay for generation of carry. 

Full adder requires two Half adders and OR gate for 

generation of sum and carry. By using AOI technology the 

gate count for full adder can be computed as follows. 

 

Gate count =  13(2 HA +  1 OR gate ) (2) 

 

Full adder consumes six units of delay for generation of 

sum and five units of delay for generation of carry. 

 

B. 4bit Ripple Carry Adder: 

A 4 Bit Ripple Carry Adder is designed by using Half 

adder and three Full adders. 

 

 
Fig.1 Ripple Carry Adder (4 bit) with input carry=0 
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1) The inputs for HA are a0, bo and outputs are so, c1.  

Generation of s0 requires three units of delay and carry 

c1 requires one unit of delay. 

2) The inputs for FA0 are a1, b1 and outputs are s1, c2.  

Generation of s1 requires six  units of delay and carry 

c2 requires five units of delay. 

3) The inputs for FA1 are a2, b2 and outputs are s2, c3.  

Generation of s2 requires Eight units of delay and carry 

c3  requires seven  units of delay. 

4) The inputs for FA2 are a3, b3 and outputs are s3, c4.  

Generation of s3 requires ten units of delay and carry c4 

requires nine units of delay. 

The delay evaluation methodology for each adder is 

explained as follows. 

 

 

Fig.2 Delay evaluation Methodology for HA0 

 

The inputs for HA0 are  b0,  a0  and outputs are s0(3 ),   

c0(1) .  Generation of    s0(3 ) requires three  units of delay 

and carry  c0(1)   requires one  unit of delay. 

 

 
Fig.3 Delay evaluation Methodology for FA0 

 

The inputs for HA1 are  b1,  a1  and outputs are X1(3 ),  

y1(1) Generation of  X1(3 ) requires three units of delay 

and carry  y1(1)   requires one unit of delay. 

The inputs for HA2 are X1(3 ),  C1(1)  and outputs are  

s1(6)   z1(4). Generation of   s1(6)  requires  six  units of 

delay and carry  z1(4)   requires four  units of delay. 

The inputs for AND are  y1(1) ,  z1(4)    and output  is    

c2(5) .  Generation of    c2(5 ) requires five units of delay . 

 

 
Fig.4 Delay evaluation Methodology for FA1 

The inputs for HA3 are  b2  a2  and outputs are  X2(3 ),   

y2(1) .  Generation of    X2(3 ) requires three units of delay 

and carry  y2(1)   requires one unit of delay. 

The inputs for HA4  are X2(3 ), C2(1)   and outputs are  

s2(6) , z2(4) . Generation of    s2(6)  requires  six  units of 

delay and carry  z2(4)   requires four  units of delay. 

The inputs for AND  are  y2(1)  ,  z2(4)    and output  is    

c4(5) .  Generation of    c4(5 ) requires five units of delay . 

 

 
Fig.5 Delay evaluation Methodology for FA2 

 

The inputs for HA5 are b3 , a3  and outputs are    X3(3 ),   

y3(1) .  Generation of   X3(3 ) requires three units of delay 

and carry  y3(1)   requires one unit of delay. 

The inputs for HA6  are X3(3 ), C3(1)   and outputs are  

s3(6) , z3(4)  .  Generation of    s3(6)  requires  six  units of 

delay and carry  z3(1)   requires four  units of delay. 

The inputs for AND  are  y3(1)  ,  z3(4)    and output  is     

c5(5) .  Generation of    c5(5 ) requires five units of delay . 

 

C. 4 Bit Carry Selective Adder 

 

 
Fig.6 Carry selective adder(4 Bit) 

 

The inputs for RCA0  are  b(1:0)  a(1:0)  and outputs are  

sum(1:0 ),   C2(1). RCA0  consists of two full adders. For 

first full adder the inputs are a(0),b(0),c_in and outputs are 

sum(0),Co(0).For second full adder the inputs are 

a(1),b(1), Co(0).  and outputs are sum(1),C0(1).  
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The inputs for RCA1 are b(3:2),  a(3:2) ,Cin=0  and 

outputs are   s2(3)  ,  C2(1).  RCA1  consists of two full 

adders. For first full adder the inputs are a(2),b(2),1‟bo 

and outputs are sum(2),C1(2).For second full adder the 

inputs are a(3)b(3), C1(2).  and outputs are sum(3),C1(3).  

The inputs for RCA2  are b(3:2),  a(3:2)  Cin=1 and output  

is    s3(3)  ,  C3(1).  

 

 RCA2  consists of two full adders. For first full adder the 

inputs are a(2),b(2), 1‟b1 and outputs are sum11 (2),C11(2). 

For second full adder the inputs are a(3),b(3), C 11(2).  and 

outputs are sum 11(3),C 11(3).  

 

The inputs for multiplexer are sum1(2), sum1(3), sum11(2), 

sum11(3), c1, c11 and selection line is c1. Outputs are 

sum(2), sum(3) & carry. 

 

It consists three ripple carry adders and three multiplexers. 

 

RCA0 

Generation of sum(0) requires Six units of delay and carry 

Co(0) requires five  units of delay. 

Generation of sum(1) requires eight  units of delay and 

carry C0(1) requires seven  units of delay. 

 

RCA1 

Generation of sum1 (2) requires Six units of delay and 

carry C1(2) requires five  units of delay. 

Generation of sum 1(3) requires eight  units of delay and 

carry C1(3) requires seven  units of delay. 

 

RCA2 

Generation of sum11 (2) requires Six units of delay and 

carry C 11(2) requires five units of delay. 

Generation of sum11 (3) requires eight  units of delay and 

carry C 11(3) requires seven  units of delay. 

For the first multiplexer the inputs are sum1 (2), sum11 (2), 

C0(1) and output is sum(2). Generation of sum (2) requires 

ten  units of delay. 

 

For the second multiplexer the inputs are sum 1(3) ,sum11 

(3) , C0(1) and output is sum(3). Generation of sum (3) 

requires ten  units of delay. 

 

For the third multiplexer the inputs are C1(3) , C11(3), 

C0(1) and output is C_out .Generation of   C_out requires  

seven  units of delay. 

 

Area evaluation methodology for CSLA: 

Rca0 having two Full adders. Hence its gate count is 

2x13=26 

Rca1 having two Full adders. Hence its gate count is 

2x13=26 

Rca2 having two Full adders. Hence its gate count is 

2x13=26 

Three multiplexers having gate count is 3x4=12 

Total gate count is 90. 

 

Area evaluation methodology for  4 bit CSLA adder: 

 
Fig 7. Delay evaluation for intermediate signal generation 

 

The above diagram generates c(0), s(0) which has delay of 

5& 6 respectively. For this it requires two Ex-OR gates, 

two AND gates  & one OR gate. 

The above diagram generates c(1), s(1) which has delay of 

10& 11 respectively. For this it requires two Ex-OR gates, 

two AND gates  & one OR gate. 

The above diagram generates c(2), s(2) which has delay of 

10& 16 respectively. For this it requires two Ex-OR gates, 

two AND gates  & one OR gate. 

The above diagram generates c(3), s(3) which has delay of 

20 & 21 respectively. For this it requires two Ex-OR gates, 

two AND gates  & one OR gate. 

 

 
Fig. 8 Delay evaluation for intermediate signal generation 

 

The above diagram generates c11(2), s11(2) which has 

delay of 10 &11 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

The above diagram generates c11(3), s11(3) which has 

delay of 15& 16 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

The above diagram generates s0(2) which has delay of 19 

respectively. For this it requires one  NOT gate, two AND 

gates & one OR gate. 

The above diagram generates s0(3) which has delay of 24 

respectively. For this it requires one  NOT gate, two AND 

gates & one OR gate. 
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Fig.9 Delay evaluation for intermediate signal generation 

 

The above diagram generates Cout which has delay of 23 

respectively. For this it requires two Ex-OR gates, two 

AND gates  & one OR gate. 

                                                                                                                                                   

Area evaluation methodology for 6 bit CSLA adder (Z7): 

 

 
Fig. 10 Delay evaluation for intermediate signal 

generation 

 

The above diagram generates c_0(0), q6(0) which has 

delay of 12&13 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

The above diagram generates c_0(1), q6(1) which has 

delay of 17& 18 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

The above diagram generates c_0(2), q6(2) which has 

delay of 22 & 23 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

 

 
Fig.11 Delay evaluation for intermediate signal generation 

 

The above diagram generates c_01(3), s_01(3) which has 

delay of 24&25 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

.The above diagram generates c_01(4), s_01(4) which has 

delay of 29& 30 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

The above diagram generates c_01(5), s_01(5) which has 

delay of 34&35 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

 

 
Fig. 12  Delay evaluation for intermediate signal 

generation 

 

The above diagram generates c_011(3), s11(3) which has 

delay of 24&25 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

The above diagram generates c_011(4), s11(4) which has 

delay of 29& 30 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

The above diagram generates c_011(5), s11(5) which has 

delay of 34&35 respectively. For this it requires two Ex-

OR gates, two AND gates  & one OR gate. 

 

 
Fig.13 Delay evaluation for intermediate signal generation 

 

The above diagram generates q6(3) which has delay of 23 

respectively. For this it requires  one NOT gate, two AND 

gates & one OR gate. 

 

The above diagram generates q6(4)  which has delay of 33 

respectively. For this it requires one NOT gate, two AND 

gates & one OR gate. 

 

 
Fig. 14 Delay evaluation for intermediate signal 

generation 
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The above diagram generates q6(5) which has delay of 38 

respectively. For this it requires one NOT gate, two AND 

gates & one OR gate. 

The above diagram generates d3 which has delay of 37 

respectively. For this it requires one NOT gate, two AND 

gates & one OR gate. 

 

III VEDIC MULTIPLIER USING 4 BIT 

KOGGSTONE ADDER  

 

 
Fig.15   Vedic Multiplier using 4 Bit Koggstone adder 

 

It consists of four 2x2 Vedic multiplier modules. 

The inputs for first VM 2x2 module are A(1:0), B(1:0) and 

outputs are qo(temp1), q(1:0).   

The inputs for second VM 2x2 module are A(3:2), B(1:0)  

and output  is q1.   

The inputs for third VM 2x2 module  are A(1:0), B(3:2)  

and output is q2(temp2).   

The inputs for fourth VM 2x2 module  are A(3:2), B(3:2)   

and output is  q3(temp3).   

The inputs for 6Bit KSA are q3(temp3), q2(temp2) and 

output is q5(temp5).   

The inputs for 4 Bit KSA are q0(temp1), q1  and output is 

q4.   

The inputs for 6Bit KSA  are q5(temp5), q4(temp4)  and 

output is q(7:2).   

g0=ao and bo (3) 

p0=ao xor bo- (4) 

c1=go + pocin-(5) 

c2=g1 + p1 go + p1 pocin (6) 

c3=g2 + p2go + p2 p1c1(7) 

c2=g3 + p3 g2+ p3 p2 (g1 + p1 go)  + p3p2p1 pocin -(8)  [11]-

[12]. 

 

 
Fig 16  KSA adder (4 bit) 

Delay evaluation for 4bit KSA: 

It consists eight   XOR gates and thirteen AND gates and 

finally it also consists four OR gates. 

 

 
Fig.17  Delay evaluation Methodology for first four XOR 

gates 

 

For first XOR gate, the inputs are a(0),b(0)and output is  

p(0), Generation of p(0) requires three units of delay. 

For second XOR gate, the inputs are a(1),b(1)and output is  

p(1), Generation of p(1) requires three units of delay. 

For third XOR gate, the inputs are a(2),b(2)and output is  

p(2), Generation of p(2) requires three units of delay. 

For fourth XOR gate, the inputs are a(3),b(3)and output is  

p(3), Generation of p(3) requires three units of delay. 

 

 
Fig.18 Delay evaluation Methodology for next four XOR 

gates 

 

For fifth XOR gate, the inputs are Cin, p(0)and output is  

Cin, Generation of s(0) requires six units of delay. 

For six XOR gate, the inputs are c(1),p(1)and output is  

s(1), Generation of s(1) requires eight units of delay. 

For seven XOR gate, the inputs are c(2),p(2)and output is  

s(2), Generation of s(2) requires eight units of delay. 

For eighth XOR gate, the inputs are c(3),p(3)and output is  

s(3), Generation of s(3) requires ten units of delay. 

 

 
Fig.19 Delay evaluation Methodology for first four AND 

gates 
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For first AND gate, the inputs are a(0),b(0)and output is  

g(0), Generation of g(0) requires one unit of delay. 

For second AND gate, the inputs are a(1),b(1)and output is  

g(1), Generation of g(1) requires one unit of delay. 

For third AND gate, the inputs are a(2),b(2)and output is  

g(2), Generation of g(2) requires one unit of delay. 

For fourth AND gate, the inputs are a(3),b(3)and output is  

g(3), Generation of g(3) requires one unit of delay. 

 

 
Fig.20 Delay evaluation Methodology for next four AND 

gates 

 

For fifth AND gate, the inputs are p(0),Cin and output is  

w(0), Generation of w(0) requires four units of delay. 

For sixth AND gate, the inputs are p(1),g(0)and output is  

w(1), Generation of w(1) requires four unit s of delay. 

For seventh AND gate, the inputs are p(1),p(0),Cin and 

output is  w(7), Generation of w(7) requires four units  of 

delay. 

For eighth AND gate, the inputs are p(2), p(1), Cin and 

output is  w(2), Generation of w(2) requires six  units of 

delay. 

 

 
Fig.21 Delay evaluation Methodology for next four AND 

gates 

 

For ninth AND gate, the inputs are p(2),g(1))and output is  

w(3), Generation of w(3) requires four units  of delay. 

For tenth AND gate, the inputs are p(2), p(1), p(3),g(0)and 

output is  w(4), Generation of w(4) requires four  units  of 

delay. 

For eleventh AND gate, the inputs are p(2),p(3),g(1) and 

output is  w(5), Generation of w(5) requires four units of 

delay. 

For twelfth AND gate, the inputs are g(2),p(3),and output 

is  w(6), Generation of w(6) requires four units of delay. 

 
Fig.22 Delay evaluation Methodology for intermediate 

signal generation 

 

For thirteenth AND gate, the inputs are p(1),p(0), 

p(2),p(3),Cin and output is  w(8), Generation of w(8) 

requires four units of delay. 

 

 
Fig.23 Delay evaluation Methodology for four OR gates 

 

For first OR gate, the inputs are w(0),g(0)and output is  

c(1), Generation of c(1) requires five  units of delay. 

For second OR gate, the inputs are w(1), g(1) , w(7) and 

output is  c(2), Generation of c(2) requires five units of 

delay. 

For third OR gate, the inputs are w(2),w(3), g(2) and 

output is  c(3), Generation of c(3) requires five units of 

delay. 

For fourth OR gate, the inputs are w(4),w(5), w(6) 

w(8),g(3)and output is  Cout, Generation of Cout requires 

five units of delay. 

Gate Count: It consists eight   XOR gates hence its gate 

count is 8x5=40 It consists thirteen AND gates hence its 

gate count is 13x1=13 also consists four OR gates hence 

its gate count is 4x1=4 Total gate count is 57. 
 

Delay evaluation for 6bit KSA: 

Generation of propagation signals p(0), p(1), p(2), p(3) , 

p(4), p(5) requires three units of delay. 

For seventh XOR gate, the inputs are Cin, p(0)and output 

is  Cin, Generation of s(0) requires six units of delay. 

For eighth XOR gate, the inputs are c(1),p(1)and output is  

s(1), Generation of s(1) requires eight units of delay. 

For ninth XOR gate, the inputs are c(2),p(2)and output is  

s(2), Generation of s(2) requires eight units of delay. 

For tenth XOR gate, the inputs are c(3),p(3)and output is  

s(3), Generation of s(3) requires ten units of delay. 

For eleventh XOR gate, the inputs are c(4),p(4)and output 

is  s(4), Generation of s(4) requires eight units of delay. 
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For twelfth XOR gate, the inputs are c(5),p(5)and output is  

s(5), Generation of s(5) requires ten units of delay. 

For generate signals g(0), g(1), g(2), g(3), g(4), g(5) 

requires one uint of delay. 

For seveth AND gate, the inputs are p(0),Cin and output is  

w(0), Generation of w(0) requires four units of delay. 

For eighth AND gate, the inputs are p(1),g(0)and output is  

w(1), Generation of w(1) requires four unit s of delay. 

For ninth AND gate, the inputs are p(1),p(0),Cin and 

output is  w(7), Generation of w(7) requires four units  of 

delay. 

For tenth  AND gate, the inputs are p(2), p(1), Cin and 

output is  w(2), Generation of w(2) requires six  units of 

delay. 

 

For eleventh AND gate, the inputs are p(2),g(1))and 

output is  w(3), Generation of w(3) requires four units  of 

delay. 

For twelfth AND gate, the inputs are p(2), p(1), 

p(3),g(0)and output is  w(4), Generation of w(4) requires 

four  units  of delay. 

For thirteenth AND gate, the inputs are p(2),p(3),g(1) and 

output is  w(5), Generation of w(5) requires four units of 

delay. 

For fourteenth AND gate, the inputs are g(2),p(3),and 

output is  w(6), Generation of w(6) requires four units of 

delay. 

For fifteenth AND gate, the inputs are p(1),p(0), 

p(2),p(3),Cin and output is  w(8), Generation of w(8) 

requires four units of delay. 

For sixteenth AND gate, the inputs are p(4),g(3)and output 

is  w(9), Generation of w(9) requires one unit of delay. 

For seventeenth AND gate, the inputs are p(4),p(3),g(2) 

and output is  w(10), Generation of w(10) requires one 

unit of delay. 

 

For eighteenth AND gate, the inputs are p(2), p(4), 

p(3),g(1)and output is  w(11), Generation of w(11) 

requires four  units  of delay. 

For nineteenth AND gate, the inputs are p(2), p(4), 

p(3),c(1), p(1), and output is  w(12), Generation of w(12) 

requires four  units  of delay. 

For twentieth AND gate, the inputs are p(5),g(4)and 

output is  w(13), Generation of w(13) requires four  units  

of delay. 

For twenty first AND gate, the inputs are p(5), p(4), g(3), 

and output is  w(14), Generation of w(14) requires four  

units  of delay. 

For twenty second  AND gate, the inputs are p(4), p(5), 

p(3),g(2)and output is  w(15), Generation of w(15) 

requires four  units  of delay. 

For twenty third AND gate, the inputs are p(5), p(4), 

p(3),p(2,c(2) and output is  w(16), Generation of w(16) 

requires six  units  of delay. 

For first OR gate, the inputs are w(0),g(0)and output is  

c(1), Generation of c(1) requires five  units of delay. 

For second OR gate, the inputs are w(1), g(1) , w(7) and 

output is  c(2), Generation of c(2) requires five units of 

delay. 

For third OR gate, the inputs are w(2),w(3), g(2) and 

output is  c(3), Generation of c(3) requires five units of 

delay. 

For fourth OR gate, the inputs are w(4),w(5), w(6) 

w(8),g(3)and output is  C(4) Generation of C(4) requires 

five units of delay. 

For fifth OR gate, the inputs are w(12), w(11) w(10),w(9), 

g(4)and output is  C(5) Generation of C(5) requires five 

units of delay. 

For fifth OR gate, the inputs are w(13), w(14) 

w(15),w(16), g(5)and output is  Cout Generation of Cout 

requires seven units of delay. 

Gate Count: 

It consists twelve  XOR gates hence its gate count is 

12x5=60 and twenty three  AND gates hence its gate count 

is 23x1=23 and  finally it also consists six OR gates hence 

its gate count is 6x1=6 Total gate count is 89. 

Delay evaluation methodology for 4 bit KSA adder: 

 

 
Fig.24 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure 24  gives s(0) and c(1) 

which has delays 11 and 10 respectively . for generating 

s(0) and c(1) requires  two  XOR gates ,two AND gates 

and one OR gate. 

 

 
Fig.25 Delay evaluation Methodology for intermediate 

signal generation 
 

The diagram in the above figure 25  gives s(1) and c(2) 

which has delays 10 and 9 respectively . for generating 

s(1) and c(2) requires  three  XOR gates , six AND gates 

and one OR gate. 
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Fig.26 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure 26  gives s(2) which has 

delays 12 . For generating s(2) requires four  XOR gates 

and five AND gates. 

 

 
Fig.27 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure 27 givesc(3) which has 

delays 10. For generating c(3) requires  two  XOR gates , 

four AND gates and one OR gate. 

 

 
Fig..28 Delay evaluations Methodology for intermediate 

signal generation 

 

The diagram in the above figure 28 gives s(3) which has 

delays 13 . for generating s(3) requires  two  XOR gates. 

 
Fig. 29 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure 29 gives cout which has 

delays 10. For generating cout requires two  XOR gates , 

seven AND gates and one OR gate. 

 

Delay evaluation methodology for 6 bit KSA adder: 

. 

 
Fig. 30 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure 30 gives s(0) and c(1) 

which has delays 13 and 12 respectively . for generating 

s(1) and c(2) requires two  XOR gates , two AND gates 

and one OR gate. 

 

 
Fig.31 Delay evaluation Methodology for intermediate 

signal generation 
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The diagram in the above figure 31 gives s(1) and c(2) 

which has delays 16 and 15 respectively . for generating 

s(1) and c(2) requires three  XOR gates , six AND gates 

and one OR gate. 

 

 
Fig. 32 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure 32 gives s(2) and c(3) 

which has delays 19 and 18 respectively . for generating 

s(2) and c(3) requires two  XOR gates , three AND gates 

and one OR gate. 

 

 
Fig. 33 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure 33  gives s(3) and c(4) 

which has delays 24 and 18 respectively . for generating 

s(3) and c(4) requires two  XOR gates , five  AND gates 

and one OR gate. 

 

 
Fig.34 Delay evaluation Methodology for intermediate 

signal generation 

The diagram in the above figure 34  gives s(4) and c(5) 

which has delays 21 and 18 respectively . for generating 

s(4) and c(5) requires two  XOR gates , five AND gates 

and one OR gate. 

 

 
Fig. 35 Delay evaluation Methodology for intermediate 

signal generation 

 

The diagram in the above figure  35  gives s(5) and cout 

which has delays 21 and 18 respectively . for generating 

s(5) and cout requires  two  XOR gates , five AND gates 

and one OR gate. 

Table 1 gives Theoretical area evaluation methodology for 

basic multiplier blocks. 

 

Table 1 Theoretical Area Evaluation 
Vedic 

Module 

VM with 

normal 

adders 

VM with 

BEC 

adders 

VM with 

CSLA 

adders 

VM with 

Koggstone 

adders 

4x4 257 390 393 305 

 

Theoretical delay evaluation methodology  for Vedic 

multipliers (4 Bit)  using CSLA and KSA adders is carried 

out. Delay values are represented in table 2. 

 

Table 2 Theoretical Delay Evaluation 
 q0 

(0) 
q0 

(1) 
q6 

(0) 
q6 

(1) 
q6 

(2) 
q6 

(3) 
q6 

(4) 
q6 

(5) 
Cout 

CSLA 1 4 13 18 23 28 33 38 37 

KSA 1 4 13 16 19 24 19 19 18 

 

     IV. SIMULATION RESULTS  
 

The proposed architecture is implemented using Xilinx 

ISIM tool for simulation on a INTEL core2 (TM) Duo   

processor, 32 bit operating System, RAM 2 GB with 

2.93GHZ clock frequency. Initially two 4 bit inputs are 

taken into consideration & the results are presented. Carry 

Select Adder, ripple carry adder, koggstone adder for 4 bit, 

8 bit; 16 bit Vedic multipliers are simulated on Xilinx ISE 

12.2. The Input output waveforms which are generated by 

using XILINX software are shown in below figure 36. 
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Fig. 36 Simulation Results for 4 bit vedic multiplier using 

KSA adders 

 

The inputs for KSA a(3:0) ,b(3:0) ,Cin for 4 bit are taken 

as a “1111”, “1010”, „1‟ and the obtained output is  

“10010110”.After Simulation HDL Synthesis is 

performed.  

 

 Performance analysis for Vedic multiplier using KSA 

&CSLA shown in Table 3 

 

Table 3 Practical power evaluation 

 

Supply 

power(mW) 

Dynamic 

power 

Quiescent 

power 

Total power 

KSA 1.98 81.01 82.99 

CSLA 2.13 81.01 83.14 

 

It is observed that KSA architecture is consuming less 

power when compared to CSLA architecture. This is 

shown in fig. 37 

 

 
Fig 37. Graphical representation of power comparision of 

Vedic multiplier using KSA & CSLA. 

 

Table 4 Memory comparison of Vedic Multipliers using 

KSA and CSLA adders 

 

 Memory 

(synthesis 

Report) KB 

Memory 

(Translation 

Report) KB 

KSA 189384 140132   

CSLA 189384   128932   

 
Fig. 38 Comparison of memory utilized for Vedic 

Multiplier using KSA and CSLA 

 

It is observed that CSLA architectures are having less 

memory when compared to KSA architectures. This result 

is shown in fig 38. 

 

V. CONCLUSION 
 

Vedic Multipliers using KSA and CSLA architectures are 

implemented. A comparison is made between these two 

architectures with respect to power consumption and 

memory occupation. It can be concluded that CSLA 

architecture is better than KSA architecture. 
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