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Abstract—The performance of multiplication in terms of speed
and power is crucial for most of the Digital Signal Processing (DSP) applications. Many researchers have come up with
various multipliers such as array, Booth, carry save, Wallace
tree and modiﬁed Booth multipliers. However, for the present
day applications Vedic multipliers based on Vedic Mathematics
are presently under focus due to their high speed and low
power consumption. In this paper, we propose a design of 8 and
16-bit multipliers using fast adders (carry save adder, BrentKung adder and carry-select adder) to minimize the powerdelay product of multipliers intended for high-performance and
low-power applications. Implementation results demonstrate that
the proposed Vedic multipliers with fast adders really achieve
signiﬁcant improvement in delay, and power-delay product when
compared with the conventional multipliers.
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I.

I NTRODUCTION

Multipliers play an important role in many DSP applications [1] such as convolution, Fast Fourier Transform (FFT),
Discrete Cosine Transform (DCT) and ﬁltering. The speed of
the DSPs largely depends on the multiplier block. This in
turn increases the demand for high speed multipliers. Over
the past few years, many researchers have developed various
multipliers using several algorithms such as array, Booth, carry
save, Wallace tree and modiﬁed Booth algorithms. A number
of multiplier architectures also have been proposed based on
these algorithms that include parallel, serial and serial-parallel
multipliers.
In an array multiplier, multiplication is based on shift and
add. The partial product is generated by the multiplication of
the multiplicand with one multiplier bit. The partial product
are shifted according to their bit orders and then added with
carry propagate adder. Array multiplier is easy to design due
to its regular structure [2]. However, the main disadvantage
of the array multiplier is that as the width of the multiplier
increase the delay becomes more. This is because the worstcase delay of the multiplier proportional to the width of the
multiplier.
The delay of the multiplier is further reduced by the
arrangement of adders using Carry Save Array (CSA) method
and a Wallace tree adder method. In CSA method [3], every
carry and sum signal is passed to the adders of the next stage.
The ﬁnal product is obtained in a ﬁnal adder by using fast adder
c
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(Carry Lookahead Adder). The CSA multiplier has regular
structure to design but, there is some difﬁculty in achieving
high speed. In the Wallace tree method [4], [5], the partial
product bits are summed up in parallel by means of a tree
of carry save adders. The main advantage of this method is
that, it achieves high speed operation. However, in Wallace
tree method the circuit layout is complex and has irregular
wires.
The major improvement in the multipliers is by reducing
the number of partial products generated. The Booth multiplier
and modiﬁed Booth encoded Wallace tree (MBW) [6]–[8] are
such multiplier that, reduces the number of adders. However,
the multiplication process involves various intermediate operations that include comparisons, additions and subtractions
which reduces the speed as the width of multiplier and
multiplicand increases.
In order to overcome the disadvantage with respect to
speed of the aforesaid algorithms, [9] and [10] presented a
new multiplier design approaches based on Vedic Mathematics.
The partial products are calculated in advance and then added
based on the Vedic Math approach to obtain the ﬁnal product.
Furthermore to enhance the speed of multiplier, in [11]–
[15] authors have presented new designs, where the partial
products are added by using ripple carry adder, carry save
adder and carry lookahead adder . In [16], a compressor based
Vedic multiplier (CVM) has been designed, to further enhance
the speed by replacing the full adders and half adders with
compressors. However, in today’s applications one of the major
challenges for high-performance DSP applications is the power
dissipation, both static and dynamic. Therefore, there is a
need to ﬁnd an optimum between speed and power, instead
of targeting them independently. This is represented by the
average energy dissipated for one switching event and it is
known as power-delay product.
In this paper, the partial products of the multiplier are
added by using fast adders (carry save adder, Brent-Kung adder
and carry-select adder) to achieve delay and power-efﬁciency.
Experimental results show that the proposed multiplier with
fast adders can achieve signiﬁcant improvement in delay, and
power-delay product when compared to ripple carry based
Vedic (RCV) multiplier, CVM, CSA and MBW.
In Section II, we discuss the Urdhva Tiryakbhyam (vertical
and crosswise) method of multiplication using Vedic maths
in detail. Section III describes the proposed Vedic multiplier
that adds the partial products using carry save adder, Brent-

Kung adder and carry-select adder. The implementation results
for different multipliers are presented in Section IV. Finally,
Section V presents a conclusion.
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II.

V EDIC M ATHEMATICS -U RDHVA T IRYAKBHYAM
S UTRA

Vedic Mathematics [17] is an ancient and eminent approach
which is mainly based on 16 Sutras dealing with various
branches of mathematics like arithmetic, algebra, trigonometry,
analytical geometry etc. In order to perform multiplication,
one of the most preferred algorithm among these 16 Sutras
is the Urdhva Tiryakbhyam Sutra. The words Urdhva and
Tiryakbhyam are derived from Sanskrit which mean verticality
and crosswise respectively. The main advantage of utilizing
this algorithm in comparison with the existing multiplication
techniques is that, the partial products required for multiplication are generated in parallel [9]. These partial products are
added in such a way that saves a lot of processing time.
This algorithm is applicable for the multiplication of binary
numbers, so we have chosen this Sutra for implementation of
Vedic multiplier.
Let us consider two inputs X1 X0 and Y1 Y0 , each of 2 bits.
P3 P2 P1 P0 represents each bit of the ﬁnal computed product.
The result is obtained after generating partial products and
adding them as per the basic method of multiplication shown
below.
X1 X0
× Y1 Y0
−−−−−−−−−−−−−−−−
X1 Y0 X0 Y0
X1 Y1 X0 Y1
− − − − − − − − − − − − − − − −−
P3
P2
P1
P0
In Vedic mathematics, the vertical multiplication of bits
X0 and Y0 gives product P0 . The product term P1 is obtained
by the addition of crosswise bit multiplication i.e. X1 & Y0
and X0 & Y1 . P2 is addition of the vertical product of bits
X1 & Y1 along with the carry generated from the previous
addition during P1 . P3 output is the carry generated from
the previous calculation of P2 . Fig. 1 shows the module that
generate 4 outputs from the two 2-bit inputs by using AND
gates and half adder and it is known as 2 × 2 multiplier block.
This is similar to shift and add technique however, to further
improve the performance of the multiplier, divide and conquer
strategy is used for higher bits.
Now, let us analyze for a 4 × 4 multiplication that gives
output product as P7 P6 P5 P4 P3 P2 P1 P0 . The multiplicand
and multiplier are decomposed equally as XH =X3 X2 and
XL =X1 X0 for X and YH =Y3 Y2 and YL =Y1 Y0 for Y , where
H and L represents higher and lower order bits of X and Y .
Fig. 2 shows the 4 bit multiplication by taking two bit at a
time and using 2 × 2 multiplier block.
According to Vedic mathematics, initially vertical multiplication of XL & YL is carried out, which gives partial product outputs p0 [3 : 0]. Then, the middle one shows crosswise
multiplication of two, 2 × 2 multiplier with inputs XH &
YL and XL & YH , generates p1 [3 : 0] and p2 [3 : 0] partial
product outputs respectively. Finally, the last block inputs XH
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Fig. 2. Block diagram representation of 4 × 4 multiplier and 2 × 2 multiplier

& YH multiplies vertically and generates the partial product
outputs as p3 [3 : 0]. The ﬁrst two ﬁnal product outputs P0
and P1 are same as that of the partial products p0 [0] and
p0 [1]. The remaining product terms are obtained by using
three conventional adders as shown in Fig. 3. The inputs for
adder1 are {p3 [3 : 0], 00} and {00, p2 [3 : 0]} and for adder2
are p1 [3 : 0] and {00, p0 [3 : 2]}. The outputs of adder1 and
adder2 are given inputs to the adder3, that generates the ﬁnal
product terms P [7 : 2]. Thus, the ﬁnal product terms are
obtained by parallel multiplication using sub multiplier blocks
and addition as P7 P6 P5 P4 P3 P2 P1 P0 , that can reduces the
delay of the multiplier.
In the above design the partial products are added using
parallel addition of full adders and half adders. In [16], to
further improve the speed of the design a novel method have
been presented by replacing the adders with compressors.
However, the power-delay product of this design is more.
To minimize the power-delay product, we proposed multiplier
where the partial products are added using fast adders, that is
discussed in the next section.
III.

D ESIGN OF THE PROPOSED 8 AND 16- BIT V EDIC
M ULTIPLIERS

In this section we extend the Vedic algorithm to design a
16-bit multiplier using fast adders, which can add the partial
products with a high speed and reduces the power-delay
product. At ﬁrst 2-bit, 4-bit and 8-bit multiplier blocks are
to be designed, in order to obtain a 16 × 16 Vedic Multiplier.
The design of a 2 × 2 multiplier block is similar to shift and
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the output of sum S[0]. Then, the sum and carry bits of carry
save adder are added by using Brent-Kung adder along with
the partial product bit p3 [4] that generates the ﬁnal product
term P [12 : 5] and a carry bit Cin .

Proposed 4-bit Vedic Multiplier

add method as shown in Fig. 1.
For 4 × 4 multiplier block, the multiplicand and multiplier
bits are decomposed equally as XH =X3 X2 and XL =X1 X0
for X and YH =Y3 Y2 and YL =Y1 Y0 for Y . According to the
Vedic algorithm, the decomposed bits are given as inputs to the
individual 2-bit multiplier block as shown in Fig. 4. The delay
of the design reduces, as all the partial products are obtained in
parallel, and it is further reduced by using the carry save adder
and Brent-Kung adder in order to obtain the ﬁnal product.
To obtain 8 × 8 multiplier block, the multiplicand and
multiplier bits are decomposed equally as XH =X7 X6 X5 X4
and XL =X3 X2 X1 X0 for X and YH =Y7 Y6 Y5 Y4 and
YL =Y3 Y2 Y1 Y0 for Y as shown in Fig. 5. The ﬁrst four ﬁnal
product outputs P [3 : 0] are same as that of the partial products
p0 [3 : 0]. The other partial products which includes p1 [7 : 0],
p2 [7 : 0] and {p3 [3 : 0], p0 [7 : 4]} are added using carry save
adder which can generates the sum and carry output bits as
S[7 : 0] and C[7 : 0] respectively. The product output P [4] is

The ﬁnal stage of addition is done by using carry-select
adder that contains multiplexers and half adders as shown in
Fig. 6. If the input of the carry-select adder is Cin = 0,
the multiplexer gives the input of the partial product output
p3 [15 : 9] to the ﬁnal product terms P [31 : 25] directly without
any computation, that can reduces the switching power. If the
input carry bit Cin = 1 then, the output of the multiplexer is
the addition of the partial product output p3 [15 : 9] with the
carry bit using half adders. The ﬁnal carry out bit (Cout ) is
discarded in the ﬁnal product.
In the similar way of design, a 16 × 16 Vedic Multiplier
is obtained by using 8 × 8 multiplier blocks, carry save adder,
Brent-Kung adder, and carry select adder as shown in Fig. 7.
The usage of the fast adder in the proposed design improves
the performance in terms of delay, and power-delay product.
Hence, the signal processing can be made faster using the
proposed multiplier in Multiplier-Accumulator (MAC) unit,
Fast Fourier Transform (FFT), convolution, and ﬁltering. However, the major drawback of the proposed multiplier is that, it
requires larger area for computation.
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V.

C ONCLUSION

In this paper, we presented a Vedic multiplier to minimize
the power-delay product of 8 and 16-bit multipliers for high
performance and low-power applications. In the proposed multipliers, the summation of partial products of Vedic multiplier
was slightly modiﬁed using carry save adder, Brent-Kung
adder, and carry-select adder in order to improve the efﬁciency
of the multipliers. Experimental results have demonstrated
that the proposed multiplier with fast adders can achieve
signiﬁcant improvement in delay and power-delay product
when compared with the conventional multiplier architectures.
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