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Abstract: -- Multipliers are most broadly utilized segment as a part of applications, for example, convolution, Fourier transforms,
discrete cosine transforms, and advanced shifting. Since outrun of these applications primarily relies upon multiplier speed,
multipliers must be composed effectively. The aging effect of the transistors caused by NBTI and PBTI has a large impact on its
performance in a long span. In this paper, the device tradition with the accomplishment of Vedic multiplier is addressed not
withstanding bypassing multiplier keeping as a main priority to enhance the execution for more speed and less power .The current
plan focuses on Vedic multiplier which comprise of multi-level adders for designing mindful circuit. The huge angle of the
proposed strategy is that, the created multiplier depends on Vertical and Crosswise structure of Old Indian Vedic Mathematics
called Urdhava Tiryakbhyam Sutra. The advancement is to design the multiplier with the carry save adders in order to enhance
better performance.

Index Terms— NBTI, Vedic multiplier, Bypass multiplier, Urdhava Triyakbyam, Carry save adder.

is used along with the AHL (Adaptive Hold Logic.
The detailed explanation of the Vedic multiplier,
vertical and crosswise sutra, AHL circuit is given in
the next sections.

l. INTRODUCTION

Multipliers are the most significant units
that are used in many applications, hence their design
is of at most priority for the excelled performance of I
the computerized units. The two known effects that

PRELIMINARIES

cause the aging of the multipliers are NBTI (Negative
bias temperature instability) [2] and the PBTI(positive
bias temperature instability).In short, NBTI effect is
caused in the pmos transistor when there are
accumulated traps in between oxide and silicon layers
.These traps reduces the threshold voltage which
makes the transistor on and so takes a while to switch
on the transistor. Hence the increase in the threshold
decreases the circuit speed. Meanwhile when the bias
voltage is reduced, The reverse process takes place
and the NBTI effect is unseen, but it shows a large
impact in the long run. The corresponding effect in the
nmos transistor is PBTI, which occurs when the nmos
is under positive bias. It is observed that compared to
the NBTI, PBTI is negligible [1]. A conventional
technique to relieve from aging is overdesign
including guard banding, gate over sizing. This
approach can be exceptionally critical and power
wasteful. To get out from this issue, numerous NBTI
aware approaches have been proposed. One of such
approach is variable latency adder design that is used
in this paper. Here Vedic multiplier designed with
carry save adder by using vertical and crosswise sutra

Row Bypass Multiplier

This is a multiplier technique which is the
improvement of the normal array multiplier[10],
where the multiplier is consider as the primary
element for the multiplication. The design includes (n-
1)x(n-1) full adders, 2x(n-1)x(n-1) multiplexers, and
3x(n-1)x(n-1) three state gates[10]. The individual full
adder circuit is shown in Figure:1
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Figure 1: Structure of full adder (row bypass)
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Individual full adder circuit consists of three
buffers, which are used at the input ports of the adder
and two multiplexers at the output ports. The select
line of both the buffers and the multiplexers is the
multiplier bit. Depending on the multiplier bit, either
the previous result is forwarded or the full adder
operation is carried out. If the multiplier bit is 0, the
previous result is forwarded, so that there occur no
operation and if it is 1, full adder circuit operates and
gives the corresponding result. By this technique all
the full adder circuits need not to be executed ,with
multiplier bit 0. The power consumption can be
reduced if one can reduce the switching activity of the
logic circuit that is full adder circuits without
changing its functionality

Column Bypass Multiplier

The multiplier in which the full adder
operations are disabled if the corresponding
multiplicand bit is 0. The design includes (n-1)x(n-1)
full adders, 2x(n-1)x(n-1) multiplexers, and 2x(n-
1)x(n-1) three state gates[10]. The multiplicand bit is
used as the selector line for the multiplexer to decide
the output of the full adder and also as a selector for
the tristate gates to turn off the input path for the full
adder. Figure:2 shows the individual full adder
circuit of the column bypassing multiplier.
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Figure 2: Structure of full adder (column bypass)

. PROPOSED VEDIC MULTIPLIER

A. Vedic mathematics

Vedic mathematics is the ancient Indian
system of mathematics[5] , part of four Vedas. Vedic
mathematics comprises of 16 principles termed as
sutras with which any mathematical operations can be
done in a simple and fast manner. Paper presents a
simple digital multiplier architecture based on the
ancient Vedic mathematic sutra urdhva triyakbhyam
also called vertical and crosswise sutra.

B. Urdhva Triakbyam

This sutra is the most prominent sutras of the Vedic
mathematics where the calculations of the partial
product and their sum are done in parallel[5]. Urdhva
means up/down or vertical and Triyakbhyam means
crosswise. This type of multiplier is most advantages
as the bit number increases, the area and the gate size
is partially increased as compared with other
multiplier designs. This clock frequency independent
multiplier uses area and power efficient technique[5].
Figure:3 illustrates the multiplication of the decimal
numbers by using Urdhva Triyakbhyam sutra. The
example includes multiplication of two decimal
numbers 123 and 456.By using this technique output
56088 is obtained in an easy manner. Primarily the
least significant bits of two numbers are considered as
vertical for multiplication and then along with them
the next bits in crosswise multiplication. In this
manner all the bits are covered in vertical and
crosswise format. Here the output is taken from
bottom to the top while the carries added in the next
steps in top down flow. This process is used for the
binary numbers also.
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Figure 3 : Urdhva triyakbyam sutra

C. Carry save adder

One of the most fastest and the economic
adder that do not propagate carry bits is the carry save
adder. Historically, carry-save addition has been used
for a limited set of intermediate calculations, with the
most common example being the accumulation of the
partial products of a multiplication[7]. It differ from
other digital adders as it produces two different
outputs ,one is the partial sum sequence the other is
carry sequence. One normal adder is then used to add
the set of carry bit to sum bits to give the final result of
addition. The following Figure:4 depicts the 8bit Carry
save adder.

Figure 4 : Carry Save Adder

D. Multiplier Using carry Save Adder

Here, multiplier is designed by using the carry
save adder[6]. Vedic multiplier (4x4) is shown in the
Figure:5.1t is implemented using four (2x2) Vedic
multipliers and one 4 bit carry save adder and two 5
bit normal adder stages.
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Figure 5 : Vedic Multiplier With CSA

The proposed multiplier makes use of 4 bit CSA
and 5 bit adder circuits to produce the 8 bit result. The
least significant bits of the two top level operands are
driven into the right most (2x2)multiplier so that , it
produces 4bit output out of which the right half
product is given to the final product and the remaining
half is padded with required amount of zeros and sent
as initial carry to the 4 bit CSA. Next coming two
(2x2) multipliers produce the output with the
appropriate bits of the operands and are given to the 4
bit CSA. It gives the result , carry vector and sum
vector, added using 5bit adder. Half sum of the 5 bit
adder is retained for final product and the left over bits
sent to other 5 bit adder with required padding. There
it makes summation with the product from the left
(2x2) multiplier and produces the result that is to be
appended to the final product

IV.  PROPOSED ARCHITECTURE MODEL
This section describes the aging model of the
Vedic multiplier[8]. The architecture includes the
Vedic multiplier with the (AHL) adaptive hold logic
circuit and the razor FF[4] . Figure:6 depicts the
architecture. It is a circuit with two m bit inputs and
one 2m bit output. The work flow of the architecture is
as follows:
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The inputs arrive at the Vedic multiplier and the
adaptive hold logic circuit simultaneously. The Vedic
multiplier computes the product of the input patterns
and where as the AHL circuit determines whether the
product generation require one cycle or two cycles
depending up on the number of zero bits in the
multiplier /multiplicand Once the product is
computed it is then given to the razor flip flop
block where it determines whether the computed
product met the timing violation or not. If it violates
the timing the razor FF raises an error signal and
indicate the AHL circuit to re execute.
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Figure 6 : Proposed Architecture

A. Razor flip flop

In this architecture razor FF determines whether
the timing violation occurs before the next input
pattern arrives. The 1bit razor flip flop consists of
main flip flop, shadow latch, comparator and a
multiplexer[4] shown in Figure:8. The main flip flop
captures the result of the execution under the normal
clock and where as the shadow latch captures at the
delayed clock. Both the results of the main flip flop
and the shadow latch is sent to the xor gate for
comparison , the xor gate acts as comparator. If the
latched bit is different from that of the main flip flop
bit the comparator out is '1' and it is observed that the
execution requires more than one cycle and the
computed result is incorrect. When the comparator out
is '1', the razor flip flop raises an error signal. It is to
be noted that each output product bit of the multiplier

consists one razor FF block and the error signals from
all the blocks are ORed together to the AHL block.

Figure 7 : Razor Flip Flop

B. Adaptive Hold logic

The AHL circuit is the key component of
the architecture and it contains two judging blocks,
multiplexer, aging indicator and a D flip flop[1]. The
aging indicators indicates checks whether the circuit
attain aging or not. It is just simply a counter that
counts the number of error signals from the razor flip
flop and resets once it reaches its ultimate.

Figure 8 : AHL (Adaptive Hold Logic)

and it act as the select line for the multiplexer and
the two judging blocks as the inputs. The two judging
blocks determine the number of cycles required for
execution depends on the zeros count. The first
judging block with less number of zeros indicate it
requires two cycles for execution and the second block
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with more number of zeros requires one cycle for
execution. The multiplexer selects one of either result
based on the output of the aging indicator. Then an OR
operation is performed between the result of the
multiplexer, and the Q_signal is used to determine the
input of the D flip-flop.

V. RESULTS

For the overall analyses of the Vedic
multiplier using adaptive hold logic. The reduction in
power and timing in compensation with area is
observed. The analysis of the Vedic multiplier using
AHL as compared the conventional bypass multipliers
is done. By using AHL, the circuit minimizes the
timing waste in the multiplier. So, it reduces the delay
in the circuit. Table:1 depicts that the area, power and
delay analyses for row bypass, column bypass and
Vedic multipliers using AHL by simulation. The
comparison proves that by the use of Vedic multiplier
with AHL instead of by pass multipliers power and
delay got reduced in compensation to area. In the
future work, the Vedic multiplier can be designed by
alternative sutra in the Vedic mathematics for even
more better performance and even it can also be
designed with different adder too.

Type Row Column Vedic

of Bypass Bypass Multiplier

multiplier | with AHL | with AHL | with
parameter AHL
Area 21.5nm 18.8nm 38.7nm
Delay 185ns 126ns 99.8ns
Power 692.6 UW | 612.6 uW [ 432.2uW

Table 1 : Comparison of various multipliers
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