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Abstract:

In this modern era, many of the digital systems are
error resilient which allows us to take the
advantage of approximate computations. This
makes the use of replacement of exact computing
units by their counterparts.  Approximate
computing can also decrease the complexity at the
designing levels with an increase in performance
and power efficiency. Adders and multipliers are
the basic buildings blocks of many digital
applications. These blocks can be approximated in
several ways. Research works are on the rise at
many levels on  approximate  computing.
Approximation at designing level is more
advantageous as the modifications at this level
much easier than the preceding levels.This paper
presents a method of designing an approximate
multiplier with a modified structure of 4-2
compressor.4-2 compressor is designed with two
full adders in general. In this paper these full
adders are designed in two methods, i.e., one is by
using AVLG(adaptive voltage level at ground)
technique with 1Otransistors, and the second
method uses &8 transistors.Outputs from these
adders are again fed to a half adder with an x-or
gate at its output. This improves the accuracy of
compressor. The multiplier is designed using Xilinx
in the frontend. And the 4-2 compressor module is
also designed in Xilinx on front-end and in backend
by using micro wind 3tools.

Keywords: 4-2 compressor, low power multiplier,
approximation

I. Introduction

Need for approximation arises from the
fact that exact computation requires more energy.
That means wherever the accuracy is not a major
concern and the design has to be energy efficient,
we may take the advantage of approximation which
requires less energy compared to the exact one. For
most of the digital circuits adders and multipliers
are the basic building blocks. Replacing the exact
building blocks with approximate ones results in

energy-efficient designs. A multiplier is a device
which multiplies any two operands and gives the
corresponding result. Multiplication is nothing but
the repeated addition of partial products. This
involves the addition of partial products by the use
of half adders and full adders based on the bit-size
of input operands. Logic gates are used to
implement these adder circuits under different
technologies.In  the design of high-speed
multipliers, compressors are used in the reduction
tree to speed up the process. Basically, these
compressors are implemented using full adders.
Moreover, Integrated circuit(IC) era of emerging
digital trends prefers compact size. This ensures the
necessity of area efficient designs for most of the
digital circuits. At the same time, it allows the
approximate values but not the exact one for the
implementation of energy efficient designs. To
make the most of error tolerance, various
techniques are available. These are of three types:
(1) insistent voltage scaling; (2) truncation of bit-
width; (3) use of imprecise building blocks.

The concept in [1] is the use of imperfect
full adder cells to implement the multi-bit adder
cells with minimized complexity at transistor
level.Reflection of errors due to approximation in a
typical digital processing at higher levels may not
impact the output quality much. Twonew methods
for approximate 4-2 compressor are proposed in [2]
for implementing a multiplier and are analyzed for
a dadda multiplier. Simulation of these methods at
IGHz frequency revealed that these methods
reduce power, delay and transistor count
significantly. It uses XOR-XNOR combinations for
the implementation of the compressor. [3] proposed
approximate multipliersfor DSP applications. This
technique takes ‘m’ concomitant bits (i.e., m-bit
segment) from each n-bit operand where m is
greater than or equal to ‘n/2’. An m-bit segment
can start only from one of two or three fixed bit
positions depending on where the leading one bit is
located for a positive number. This can provide
much higher accuracy. Approximate multiplier
circuits proposed in [4] use the technique of partial
product perforation. In this technique the errors are
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bound and predictable. This approach can be used
for any multiplier regardless of its architecture.
Perforation skips the generation of partial products
instead of cutting them. Thus decrease the number
of operands to be accumulated and reduces delay.
An approximate multiplier with configurable
partial error recovery is proposed in [5]. This
mainly focuses on the mitigation of critical path by
using only simple but fast adders in the reduction
tree. An inaccurate 4-2 counter is used for error
correction in the implementation of multiplier
proposed in [6].The existing multiplier[7] proposed
two multipliers,one is for approximating all
columns, and second one approximates the least
significant columns. It is based on the probabilty
statistics of the logic block results.This paper
presents a new approach for approximate multiplier
design wusing half-adder, full-adder, and 4-2
compressor using different techniques.

II. Existing work

Existing method evolves the partial
products to instigate the terms with different
probabilities. These probabilities are analyzed and
then approximated in a logical method. Based on
probability statistics,actual partial products are
accumulated to get generate signals using OR
gates. These generate signals have severe impact
on error probability.To achieve the exact results,
the maximum number of ‘generate' signals that can
be grouped is limited to ‘4'.Remaining signals other
than the ‘g' signals are accumulated by using the
approximate 4-2 compressor, half adder, and full
adders.

To reduce the area and delay, the existing
method used an OR gate in the place of X-OR for
sum in the half adder. This results in one error in
sum computation. In case of full adder, X-OR gates
are replaced with OR gates in sum calculation.In 4-
2 compressor for every three X-OR gates one X-or
is replaced with OR gate.This results in 5 wrong
cases out of each 16 cases. With these blocks, two
multipliers are designed.In first multiplier, the
approximation is done in all columns of partial
productsof n-bit multiplier. The second multiplier
approximation is applied in n-1 least significant OR
gates thus reduces the area and power columns.
Both the multipliers are designed simple
significantly but failed to give accurate values for
higher product values
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Figure 1 Block diagram of the existing multiplier
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Figure.2:Existing multiplier’s 4-2compressor block

To overcome this, 4-2 compressor module
in the existing method is slightly modified in the
proposed method. Also the full adder used in the
design of compressor is implemented using two
techniques. The 4-2 compressor is designed in
Xilinx on front-end. It is implemented in backend
by using microwind3 and performance is evaluated
and the corresponding layouts are obtained.

III. Proposed work

Implementation of the multiplier is carried
out in the following steps:obtaining partial
products, converting partial products into propagate
and generate signals, Combining the obtained ‘p’
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and ‘g’ signals by suitable logic blocks, i.e., half
adder, full adder, 4-2 compressor.

Consider two 8-bit unsigned operands
0=Y"-00m2™; and P=Y",-oP.2". Then the partial
products are obtained by performing AND
operation between o and . i Am, 1 =0m.Po
Resultant partial products are as shown in below
figure 2. The partial products a,,, and a,,, in the
columns containing more than three partial
products are combined to get propagate and
generate signals as shown. These form the altered
partial products pm, and g, These are obtained as
follows:

Pm,n = amn + Anm
Gm ﬂ am ne aﬂ m

The reduction tree for obtaining partial
products is shown in below figure.3:
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Fig.3. altered partial products formed by propagate
and generate signals.

In the process of approximating the altered
partial products, "generate" signals are accumulated
column-wise using OR gates.OR gates used for a
column having mgenerate signals is m/4.

Partial products other than the generate
signals are approximated using half adder,full
adder and 4-2 compressor. In the proposed method
approximate half adder and full adder blocks are
designed using Adaptive Voltage Level technique
which is used to reduce the power consumption. In
general, the 4-2 compressor is designed using two
full adders. To improve the accuracy, the proposed
method includes a half adder with an XOR gate at
the output. Block diagram of the proposed 4-2
compressor is shown in figure.5:

Il i § i ] i

A S R S U N S S 4

: rjf] rp_rl o o Tou [pT.ll ‘Fl;u' Pio Gz Glp @ D
! UR Gate

g0 g

- Apgronienate
Haffadder

11 igrime
| ‘ Fll-aeder
-

| igprimate
‘ A2 Campressor

;7 |rr " \\w\\‘m\ mnmm |\ \p;,l \H \|‘n||p A a;; ap
pizl (ol Gl Gl | Gl Gl Gy Gl oG e el s
1 g 1600 1Gol (GG 1GGT 1616165 oy

Yoo oXp X %N N %o oMo o4 4§ nonon
LCLI VI 1V 1V T T A VAN BN (T N

Figure 4:Logic blocks used for approximation of
altered partial products
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FigureS: proposed 4-2 compressor block diagram

Two full adders are used for input, X; X,
are fed to first full adderand the sum is fed to
second full adder along with X3 and X4. Final sum
is taken from the second full adder’s sum out. Two
carry outputs from the full adders are C1 and C2
fed to a half adder, whose outputs are again fed to
an x-or gate. The output of x-or gate is treated as
carry out. Thus, forms the 4-2 compressor. The
total circuit requires 26transistors only, which is
very less compared to the existing methods.
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Adaptive voltage scaling is a closed-loop
dynamic power reduction technique based on the
actual operating conditions of the chip. During run-
time the power is adjusted continuously to
eliminate the excess margins. As the smaller
feature size allows more functions to be
implemented in the same area, there is an upturn in
current density and the associated power
dissipation. Supply voltage reduction technique is
one of the best way to be used, as the direct
consequence of static voltage scaling is the
performance degradation.Generally two types of
AVL techniques are used.

AVL at source(AVLS) uses a control
circuit at the supply voltage, i.e., upper end to
undermine the supply voltage whenever required.
Adaptive voltage level at Ground(AVLG) uses
control circuit at the ground, i.e., lower end to lift
the ground potential when the required voltage
level is not available.

This technique uses a combination of
Inmos &2pmos circuits are parallelly connected.
An input clock pulse is applied at the nmos in
AVLG and all the pmos are connected to ground.
This would lift the ground potential to the required
level to reduce the power consumption. Any
defects in half adder during power consumption
can be eliminated by the use of clock at the input.

Conventional cmos requires a total of 16
transistors for the implementation of halfadder
because the design is based on transmission gate
and XOR/XNOR.AVLG technique makes it
possible to design a half adder with only 6
transistors. As the number of transistors required is
much reduced,the power consumption will be low.

One of the major buliding blocks of digital
design is the full adder.Generally, 28 transistors are
required for a conventional CMOS full adder
implementation.But our proposed method requires
only 8 transistors.

Its basic circuit comprises of 2-XORgates
for implementing sum and a 2input multiplexer for
carry output implementation. Two input
multiplexer using pass gate transistor logic is used
here.It can be obtained by connecting PMOS
&NMOS along with SEL line as in MUX.For an
active low signal,PMOS works and for active high
signa,NMOS works.When the SEL line is 0,
PMOS conducts and NMOS stands idle.For SEL is
1,NMOS is ON,PMOS is off.Thus its acts like a
2tol multiplexer.Each x-or gate requires three
transistors.Totally full adder design requires two
xor gates and one mux.Thus, it can be formed by
using 8 transistors only.

1v. Simulation results

Proposed multiplier design with the
modified 4-2 compressor is simulated using Xilinx
tool on the front end. The results obtained are as
ahown below:

lowpowermult

A
lowpowermult

Figure.6:Top view of multiplier

Figure.7: simulation result of proposed multiplier

This result shows that the proposed
method improves the accuracy up to some extent,
than the existing method. The 4-2 compressor is
also simulated using Xilinx tool and the results are
presented below.
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Figure.8: 4-2 compressor top view

Figure.10: Simulation result of modified 4-2
compressor

Here, ends the front-end designing of multiplier
and the 4-2 compressor.

4-2 compressor module is designed at
back-end using microwind3  with = 65nm
technology.It is implemented in two methods. In
the first method, the full adder is designed using
AVLG technique with 10 transistors. Even though
it gives exact results for sum in all the cases, carry
is wrong in most cases.As an endeavour to modify
the carry error cases, second method is designed
with 8transistors. This gives the carry error for

3cases which is somewhat better than the
compressor with 10 transistor full adder. These
circuits are implemented in microwind and the
layouts are obtained. Voltage-current and voltage-
frequency plots are observed. Simulation result of
the proposed circuit using dsch tool is shown in
below figure.11:
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Figure.11: simulation result for compressor

Wrongoutputs for sum in some cases and
wrong carry outputs in 3 cases due to power
consumption in analog circuit paths. When
converting analog voltage to digital ‘0’ or
digital’1’, analog voltage must reach the upper
voltage level for logic’l’ and the lower voltage
level for logic’0’ which are already set. Practically
it is not possible to get the exact voltages on the
circuit path as there may be leakage or unexpected
power consumptions.

v. Conclusion

Proposed multiplier increases the accuracy
level so that it can multiply any number up to the
range of 14x13. It is highly efficient, consumes less
power and area efficient as the number of
transistors used is reduced compared to that of
previous works.Adaptive voltage level at ground
reduces the power consumption by lifting-up the
ground potential whenever required and decreasing
the voltage through transistors whenever
needed.Full adder design using S8transistors logic
improves the speed as the number of transistors is
much reduced, which in turn reduces the path
delay.Use of half adder and x-or gate improves the
accuracy of the 4-2 compressor. Simulation results
of the proposed method shows the power
consumption is 79mw and total cpu execution time
required is 17nsec.So this multiplier architecture
can be used for low power applications like data
mining, and also the cases where the error
occurrence is not a major concern.
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