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Abstract:

A high speed and low power 16x16 Vedic Multiplieris
designed by using low power andhigh speed modified
carry select adder.This work proposes an high speed
Vedic Multiplier based on area, delay and power effi-
cient Carry Select Adder. In this paper a fast method
of multiplication based on ancient Indian Vedic math-
ematics is proposed. The whole of Vedic mathematics
is based on 16 sutras and manifests a unified structure
of mathematics. Among the various methods of multi-
plication in Vedic mathematics, Urdhava tiryakbhyam is
discussed in detail. All the redundant logic operations
present in the conventional CSLA are eliminated and
proposed a new logic formulation for CSLA. The pro-
posed CSLA design involves significantly less area and
delay than the recently proposed BEC-based CSLA. The
multiplier discussed here is compared with other mul-
tiplier to highlight the speed and power superiority of
the vedic multiplier.

Index Terms:

Carry Select Adder, Logic formulation, Vedic Multipli-
er.

I.NTRODUCTION:

Multiplicationis one of the fundamental block in almost
all the arithmetic logic units. This Vedic multiplication is
mainly used in the fields of the Digital Signal Processing
(DSP) and also in so many applications like Fast Fourier
Transform, convolution, filtering and microprocessor
applications[2,3,9]. In most of the DSP algorithms mul-
tiplier is one of the key component and hence a high
speed and area efficient multiplier is needed and multi-
plication time is also one of the predominant factor for
DSP algorithms. The ancient mathematical techniques
like Vedic mathematics used to reduce the computa-
tional time such that it can increases speed and also
requires less hardware.
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There are sixteen sutras and sixteen sutras (sub formu-
lae) constructed by swabhiji. Vedic is a word obtained
from the word “Veda” and its meaning is “store house
of all knowledge”. Vedic mathematics mainly consists
of the 16 sutras which it can be related to the differ-
ent branches of mathematics like algebra, arithmetic
geometry.

II. ANCIENT VEDIC MATHEMATICAL ALGO-
RITHMS:

The Vedic mathematics mainly reduces the complex
typical calculations in to simpler by applying sutras as
stated above. These Vedic mathematic techniques are
very efficient and take very less hardware to imple-
ment. These sutras are mainly used for multiplication
of two decimal numbers and we extend these sutras
for binary multiplications. Some of the techniques are
discussed below.

A. Urdhva -Tiryagbhyam Sutra (Vertically and
Crosswise):

Booth multipliers are generally used for multiplica-
tion purposes. Booth Encoder, Wallace Tree, Binary
Adders and Partial Product Generator are the main
components used for Booth multiplier architecture.
Booth multiplier is mainly used for 2 applications are
to increase the speed by reduction of the partial prod-
ucts and also by the way that the partial products to be
added. In this section we propose a Vedic multiplica-
tion technique called “Urdhva-Tiryakbhyam - Vertically
and crosswise.” Which can be used not only for deci-
mal multiplication but also used for binary multiplica-
tion? This technique mainly consists of generation of
partial products parallel and then we have to perform
the addition operation simultaneously[3]. This algo-
rithm can be used for 2x2, 4x4, 8x8....NxN bit multipli-
cations. Since the sums and their partial products are
calculated in parallel the Vedic multiplier does not de-
pends upon the processor clock frequency.
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Hence there is no need of increasing the clock fre-
quency and if the clock frequency increases it will auto-
matically leads to the increase in the power dissipation.
Hence by using this Vedic multiplier technique we can
reduces the power dissipation. The main advantage of
this Vedic multiplier is that it can reduces delay as well
as area when compared with the other multipliers.

B. Example for Decimal Multiplication Using
Vedic Mathematics:

To illustrate this technique, let us consider two decimal
numbers 252 and 846 and the multiplication of two
decimal numbers 252x846 is explained by using the
line diagram shown in below figure1. First multiply the
both numbers present on the two sides of the line and
then first digit is stored as the first digit of the result
and remaining digit is stored as pre carry for the next
coming step and the process goes on and when there
is more than one line then calculate the product of end
digits of first line and add the result to the product ob-
tained from the other line and finally store it as a result
and carry. The obtained carry can be used a carry for
the further steps and finally we will get the required re-
sult which is the final product of two decimal numbers
252x846. Take the initial carry value as the zero. For
clear understanding purpose we explained the com-
plete algorithm in the below line diagram such that
each bit represents a circle and number of bits equal to
the number of circles present.

STEP1 STEP? STEP3
25F 151 PER
Henalt= 11 ‘K' Rerue= 3§ Femit= 48
8 46 PuCany= 0 8 iE Pre Caary=s | 4 6 PelCumy= 3
1 11 91 1] 1512 £l
STEP4 STER S
1512 151
‘t:.f' T Resh= 48 | Ressk= 16
(N6 PreCay= % 3456 FeCamy= §
11912 51 35319 1
151 x 846 = 213192

Figure.1. Multiplication of two decimal numbers

Il1l. MODIFIED VEDIC MULTIPLIER ARCHITEC-
TURE:

The architectures for 2x2, 4x4, 8x8, 16x16. . .NxN bit
modules are discussed in this section.
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In this section, the technique used is ‘Urdhva-Tiry-
akbhyam’ (Vertically and Crosswise) sutra which is a
simple technique for multiplication with lesser number
of steps and also in very less computational time. The
main advantage of this Vedic multiplier is that we can
calculate the partial products and summation to be
done concurrently. Hence we are using this Vedic mul-
tiplier in almost all the ALU’s.

A. 2x2 Vedic Multiplier Block:

To explain this method let us consider 2 numbers with
2 bits each and the numbers are A and B where A=aoat
and B=bob1 as shown in the below line diagram. First
the least significant bit (LSB) bit of final product (verti-
cal) is obtained by taking the product of two least sig-
nificant bit (LSB) bits of A and B is aobo. Second step is
to take the products in a crosswise manner such as the
least significant bit (LSB) of the first number A (mul-
tiplicand) is multiplied with the next higher bit of the
multiplicand B in a crosswise manner. The output gen-
erated is 1-Carry bit and 1bit used in the result as shown
below. Next step is to take product of 2 most signifi-
cant bits (MSB) and for the obtained result previously
obtained carry should be added. The result obtained is
used as the fourth bit of the final result and final carry
is the other bit.

50 = aobo (1)
c1s1=a1bo + aob1 (2)
c2s2=ct1+aib1 (3)

The obtained final result is given as c2s2s150. A 2x2 Ve-
dic multiplier block is implemented by using two half
adders and four two input and gates as shown in below
Figure 2.

!1|b1 -ﬂfl albl 20b0
Half Adder
ll:]
¥
| Half Adder |

[

L

c2 52 51 il

Figure .2. Block Diagram of 2x2 Vedic Multiplier
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B. 4x4 Vedic Multiplier Block:

In this section, now we will discuss about 4x4 bit Ve-
dic multiplier. For explaining this multiplier let us con-
sider two four bit numbers are A and B such that the
individual bits can be represented as the A3A2A1A0
and B3B2B1Bo. The procedure for multiplication can
be explained in terms of line diagram shown in be-
low figure. The final output can be obtained as the
C6565554S53S251So0.

The partial products are calculated in parallel and
hence delay obtained is decreased enormously for the
increase in the number of bits. The Least Significant Bit
(LSB) So is obtained easily by multiplying the LSBs of
the multiplier and the multiplicand. Here the multiplica-
tionis followed according to the steps shownin theline
diagram in figure 3. After performing all the steps the
result (Sn) and Carry(Cn) is obtained and in the same
way at each step the previous stage carry is forwarded
to the next stage and the process goes on.

So =AoBo (4)
C1S1=A1B0 + A0B1 (5)
€252 = C1 + AoB2 + A2Bo + A1B1 (6)
C3S3 =C2+A0B3 + A3Bo + A1B2 + A2B1(7)
C4S4 = C3 + A1B3 + A3B1 + A2B2 (8)
(555 =C4 + A3B2 + A2B3 (9)
C6S6 = C5 + A3B3 (10)

For clear understanding, observe the block diagrams
for 4x4 as shown below figure 3 and within the block
diagram 4x4 totally there are four 2x2 Vedic multiplier
modules, and three ripple carry adders which are of
four bit size are used. The four bit ripple carry adders
are used for addition of two four bits and likewise total-
ly four are use at intermediate stages 3 of multiplier.

The carry generated from the first ripple carry adder
is passed on to the next ripple carry adder and there
are two zero inputs for second ripple carry adder. The
arrangement of the ripple carry adders are shown in
below block diagram which can reduces the computa-
tional time such that the delay can be decrease.
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Figure .3. Block Diagram of 4x4 bit Vedic Multiplier

C. 8x8 Vedic Multiplier Block:

In this section, now we will discuss about 4x4 bit Vedic
multiplier. For explaining this multiplier let us consider
two 8 bit numbers are A and B such that the individual
bits can be represented as the A7A6A5A4A3A2A1A0
and B7B6B5B4B3B2B1B0. The procedure for multiplica-
tion can be explained in terms of line diagram shown in
below figure 4. The final output can be obtained as the
1651551451351251151059S8S5756555453S2S51S0. The par-
tial products are calculated in parallel and hence delay
obtained is decreased enormously for the increase in
the number of bits. The Least Significant Bit (LSB) So
is obtained easily by multiplying the LSBs of the mul-
tiplier and the multiplicand. Here the multiplication
is followed according to the steps shown in the line
diagram in figure 4. After performing all the steps the
result (Sn) and Carry (Cn) is obtained and in the same
way at each step the previous stage carry is forwarded
to the next stage and the process goes on.

Bea Aea ban  Ara boa Tua bps  don
1 R I O
4x4 VEDIC 4 VEDIC 4 VEDIC 454 VEDIC
MULTIFLIER MULTIFLIER MULTIFLIER MULTIFLIER
70} 70} 70

| # BT MOOFIED CARRY SELECT ADOER

w LLles

1L =

0[.0 4 |30

|04
| 8T MODIED CARRY SELECT ADOER (-0
oy Sarn 5o S

Figure .4. Block Diagram of 8x8 bit Vedic Multiplier
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For clear understanding, observe the block diagrams
for 8x8 as shown below and within the block diagram
8x8 totally there are four 4x4 Vedic multiplier modules,
and three modified carry select adders which are of 8
bit size are used. The 8 bit modified carry select adders
are used for addition oftwo 8 bits and likewise totally
four are use at intermediate stages of multiplier. The
carry generated from the first modified carry select ad-
der is passed on to the next modified carry select ad-
der and there are four zero inputs for second modified
carry select adders. The arrangement of the modified
carry select adders are shown in below block diagram
which can reduces the computational time such that
the delay can be decrease.

D. 16x16 Vedic Multiplier Block:

In this section, now we will discuss about 4x4 bit Ve-
dic multiplier[10]. For explaining this multiplier let us
consider two 8 bit numbers are A and B such that the
individual bits can be represented as the A [15:0] and
B [15:0]. The procedure for multiplication can be ex-
plained in terms of line diagram shown in below figure
5. The final output can be obtained as the C16S[31:0].
The partial products are calculated in parallel and
hence delay obtained is decreased enormously for the
increase in the number of bits. The Least Significant Bit
(LSB) So is obtained easily by multiplying the LSBs of
the multiplier and the multiplicand. Here the multipli-
cation is followed according to the steps shown in the
line diagram in figure. After performing all the steps the
result (Sn) and carry (Cn) is obtained and in the same
way at eachstep the previous stage carry is forwarded
to the next stage and the process goes on. 16 Bit Modi-
fied Carry Select Adder.

The CSLA has two units: 1) the sum and carry genera-
tor unit (SCG) and 2) the sum and carry selection unit
as shown in the figure 5. The SCG unit consumes most
of the logic resources of CSLA and significantly contrib-
utes to the critical path. Different logic designs have
been suggested for efficientimplementation of the SCG
unit. We made a study of the logic designs suggested
for the SCG unit of conventional and BEC-based CSLAs
of by suitable logic expressions. The main objective of
this study is to identify redundant logic operations and
data dependence. Accordingly, we remove all redun-
dant logic operations and sequence logic operations
based on their data dependence.
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Figure .5.: Structure of the BEC-based CSLA; n is the
input operand bit-width

The proposed CSLA is based on the logic formulation
given in (4a)—(4g), and its structure is shown in Figure
. 6(a). It consists of one HSG unit, one FSG unit, one CG
unit, and one CS unit. The CG unit is composed of two
CGs (CGo and CG1) corresponding to input-carry ,,00
and ,,1. The HSG receives two n-bit operands (A and
B) and generate half-sum word so and half-carry word
co of width n bits each. Both CGo and CG1 receive so
and co from the HSG unit and generate two n-bit full-
carry words c11 and c10 corresponding to input-carry
»oZand ,,1d, respectively. The logic diagram of the HSG
unit is shown in Figure. 6(b). The logic circuits of CGo
and CG1 are optimized to take advantage of the fixed
input-carry bits. The optimized designs of CGo and CG1
are shown in Figure. 6(c) and (d), respectively.

So(i) = A(i) (+) B(i),Co(i) = Ai) - B() ~ 4(a)
C10(i) = C10(i-1) . So(i) + Co(i) for (10(0) = 0) 4(b)
C11(i) = C11(i-1) . So(i) + Co(i) for (11(0) = 1) 4(c)
C(i) = C1o(i) if (Cin = 0) C(i) = C11(i) if (Cin = 1) 4(d)

carry words c10 and c11 follow a specific bit pattern.
If co1(i)=,,1, then c11(i)=1,irrespective of so(i) and c(i),
foro =i=n-1.This feature is used for logic optimization
of the CS unit.
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Figure.6:(a) Proposed CS adder design, where n is the

input operand bit-width..(b) Gate-level design of the

HSG. (c) Gate-level optimized design for input-carry

=0. (d) Gate-level optimized design for input-carry =1.

(e) Gate-level design of the CS unit. (f) Gate-level de-
sign of the final-sum generation (FSG) unit.

Optimized design of the CS unit is shown in Figure.
6(e), which is composed of n AND-OR gates. The final
carry word c is obtained from the CS unit. The MSB of ¢
is sent to output as cout and (n-1) LSBs are XORed with
(n - 1) MSBs of half-sum (s0) In the FSG [shown in Fig-
ure. 6(f)] to obtain (n - 1) MSBs of final-sum(s) .The LSB
of so is XORed with cin to obtain the LSB of s.The ar-
chitecture of 16x16 Vedic multiplier using “Urdhva Tiry-
agbhyam” Sutra is shown in Figure.7. The 16x16 Vedic
multiplier architecture is implemented using four 8x8.
Vedic multiplier modules, three 16 bit modified carry
select adder shown in figure 6 (a) .The first step in the
design of 16x16 block will be grouping the 8 bit of each
16 bit input. These pair terms will form vertical and
crosswise product terms. Each input bit-pair is handled
by a separate 8x8 Vedic the schematic of a 16x16 block
designed using 8x8 blocks. The partial products repre-
sent the Urdhva vertical and cross product terms.
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Figure.7. Block Diagram of 16x16 bit Vedic Multiplier.

IV. RESULTS AND COMPARISON:

In 2x2, 4x4, 8x8, 16x16 multiplication operations were
designed using Verilog HDL and simulationis performed
in Xilinx,RTL compilation is performed in RC and physi-
cal design is carried out using Encounter RTL Compiler
under Cadence environment.
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We have coded the Vedic Multiplier in VHDL using the
proposed CSLA designand the existing CSLA designs for
bit-widths 8, 16, and 32. All the designs are synthesized
in the Cadence Design Suit. The net list file obtained
from the DC are processed in the IC Compiler (ICC). Af-
ter placement and route, the area, Delay, and power
reported by the ICC are listed Table 1 for comparison.
As shown in Table 1, the proposed SQRT-CSLA involves
significantly less area and less delay and consumes less
power than the existing designs. We can find from Fig-
ure 9 that the proposed Multiplier design offers a sav-
ing of 39% ADP and 37% energy than the conventional
Vedic Multiplier; The proposed CSLA saves 32% ADP
and 33% energy than the BEC-based SQRT-CSLA; on av-
erage, for different bit-widths.

The proposed system was analysed for performance
and overhead with existing multiplication techniques.
The result of performance analysis is visualized in the
form of graph to provide a clear insight on the improve-
ments achieved. This analysis was carried out on the
following metrics: throughput, Area, ADP, and speed.

The resultant values is tabulated.

Table 1: Parameter measurements

Design Throughput| Area | Delay {ADP
s
Conv CSLA 351|143 345 (692
CSLA With BEC 72 |128Y 3 [
CSLAUsingD-Latch | 58 | %06 | 408 | 12
PopsedCSLA | 302 [ 951 342 [ 668

The tabulated values are graphicaly plotted below for
comparison of the existing systems and the proposed
system. Series

1) Existing Vedic Multiplier

2) Proposed Multiplier.
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Figure.8.: Performance analysis of proposed system
vs existing systems.

The overhead reduction achieved for computing Differ-

ent Multiplier on analysis result, is visualized using a pie

chart.
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The values and the graph proves that this system is
more efficient than any existing location calibration
techniques based on the ground of fairness, adaptabil-
ity, scalability and minimal cost for communication and
calibration and has minimal computational overhead.

V.CONCLUSION :

This entire work is based on creating a area delay and
power efficient Vedic multiplier based on carry select
adder. This paper presents a novel way of realizing a
high speed multiplier using Urdhva Tiryagbhyam sutra
and carry select addition technique. A 16-bit modified
multiplier is designed. The 16-bit multiplier is realized
using four 8-bit Vedic multipliers and proposed carry
select adders. Carry select adders(CSLA) are modified
such as all the redundant logic operations present in
the conventional CSLA are eliminated and proposed
a new logic formulation for CSLA. In the proposed
scheme, the carry select (CS) operation is scheduled
before the calculation of final-sum, which is different
from the conventional approach.
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The proposed 16- bit multiplier gives a total delay of
15.050 ns which is less when compared to the total de-
lay of any other renowned multiplier architecture. Re-
sults also indicate a 13.65% increase in the speed when
compared to normal Vedic multiplier without carry se-
lect adder technique.
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