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ABSTRACT

This research proposes an approximation multiplier for error-resistant
applications that is fast and energy efficient at the same time. Variable
probability components are introduced into the multiplier’s partial
products in this novel design technique for 16-bit approximation of
multiplier. The difficulty of approximation is influenced by the possibility
of accumulating changing partial products. XILINX synthesis findings
show that the suggested multiplier outperforms an exact multiplier in
terms of performance. Existing approximation multipliers don’t have
as much precision as these.
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Introduction

Mobile devices like smartphones, tablets, and other tech
gizmos all have one common requirement: to use as little
power as possible. Minimizing the performance (speed)
penalty while still achieving this minimization is a top
priority. These portable devices use Digital Signal Processing
(DSP) blocks to implement multimedia applications. The
arithmetic logic unit is the heart of these blocks, where
multiplications account for the majority of all arithmetic
operations in these DSP systems. Improved multiplier
performance is critical to boosting CPU efficiencies, so
speed and power/ energy efficiency may be improved.
Images and movies are prepared for human consumption
by several of the DSP cores’ image and video processing
algorithms. As a result of this fact, we are able to improve
speed and energy efficiency by using approximations. This
is due to the human brain’s limited ability to see details in a
picture or video. Some additional applications, such as those
involving image and video processing, may not necessitate
the use of precise arithmetic operations. The ability to
employ approximation computation allows the designer
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to make compromises between accuracy and speed and
power/ energy usage. Circuit, logic and architecture levels,
as well as algorithm and software layers, can all be used
to approximate the arithmetic units while performing
approximation operations. You can use a mix of several
strategies, such as permitting some timing violations (for
example, voltage over scaling or over clocking) and function
approximation methods (for example, altering a circuit’s
Boolean function), to approximate the data. Approximating
arithmetic building pieces like adders and multipliers have
been proposed under the field of function approximation
approaches.

In fixed-width multiplier designs, truncation is frequently
used to decrease the complexity of the circuitry. In order
to compensate for the quantization error induced by the
reduced portion, a constant or variable correction term is
added Accumulation of partial products is a key component
of multiplier approximation approaches, which is critical
in terms of power usage. If the least significant bits of
the inputs can be trimmed, then partial products can be
formed in order to decrease hardware complexity. In partial
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product accumulation, the suggested multiplier in reduces
the number of adder circuits required.

Literature Review

Low-Power Digital Signal Processing using
Approximate Adders

Devices that use signal processing methods and architectures
in portable multimedia devices must consume very little
energy. A lot of multimedia apps allow humans to learn
something even if the outputs aren’t exactly perfect.
When it comes to numerical outputs, we don’t need to
get them absolutely right. Previous research in this area
relies mostly on voltage over scaling for error resilience,
which is mitigated by computational and architectural
strategies. As an alternate way to taking advantage of
the relaxation of numerical precision, we suggest in this
study a decrease in logic complexity at the transistor level.
Imperfect or approximation complete adder cells with
decreased transistor complexity are proposed in this paper
as examples of how this notion might be implemented in the
creation of approximate multi-bit adders. To further enable
voltage scaling, our solutions result in shorter critical routes,
which reduce switching capacitance. Video and image
compression methods are designed and evaluated using the
suggested approximation arithmetic units to illustrate the
effectiveness of our approach. These approximation adders
also have basic mathematical models for inaccuracy and
power consumption. As a further example, we illustrate
the use of these approximation adders in two digital signal
processing systems (the discrete cosine transform and the
finite impulse response filter). The suggested approximation
adders can save up to 69 percent of the power compared
to current implementations employing precise adders,
according to simulation data.

Changes are made to the variable corrections truncated
multiplier A truncated multiplier can be minimized using this
way. Information from a column adjacent to the shortened
LSB helps to lessen the mistake. This reduces the amount
of time and effort needed to produce the final product,
while minimizing the amount of distortion.

Exact Multiplier
Three steps are involved in multiplication.

This is a Two Step Process: First, create partial products;
then fill in the remaining rows with created partial products.

The third step is to combine the remaining two rows
together to get the final multiplication results.

In the first stage of the updated Booth algorithm, the
number of partial products is reduced by half. The Modified
Booth Encoding (MBE) technique introduced in was
employed in our analysis. Known as the most effective
Booth encoding and decoding method. For example, to

multiply two numbers by three using the modified Booth
algorithm, the first step is to divide each number by three.
For the MBE system, Table 1, presents the principles for
generating encoded signals, along with a logic diagram.
The Booth decoder uses the encoded signals to create the
partial products as shown.
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Figure 2.Booth Decoder

Figure 1 and 2, depicts the 8-bit Booth multiplier’s produced
partial products and sign-extension method. Wallace trees
are used to sequentially add partial products from the
modified Booth method until the final two rows are left.
Last two rows of multiplication are added together to get
a final answer. This is when the carry propagation adder
comes into play.

Table |.Truth Table for MBE Scheme
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Proposed System

Multiplier implementation has three stages, the formation
of partial products, the reduction of partial products,
and ultimately, a vector merge addition to produce the
final result. More force is needed for the second phase.
Approximation is used at the reduction tree step in this
short.
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altered partial products p m, n and g m, n. From column
3 with weight 23 to column 11 with weight 2!, the partial
products am, nand an, mare replaced by altered partial
products p m, nand g m, n. The original and transformed
partial product matrices are shown in Figure 3.

Pmn = amn * anm

g’":ﬂ = am:n - an,;ﬂ

The probability of the altered partial product g m, n being
oneis 1/ 16, which is significantly lower than 1/ 4 of am, n.
The probability of altered partial product p m, n being one
is1/16+3/16+3/16=7/16, whichis higher thangm, n.
These factors are considered, while applying approximation
to the altered partial product matrix.

Approximation of Altered Partial Products g m, n

The accumulation of generate signals is done columnwise.
As each element has a probability of 1/ 16 of being one, two
elements being 1 in the same column even decreases. For
example, in a column with 4 generate signals, probability
of all numbers being 0 is (1 - pr)*, only one element being
oneis 4 pr (1 - pr)3, the probability of two elements being
one in the column is 6 pr 2 (1 - pr)?, three onesis 4 pr 3
(1 - pr) and probability of all elements being 1 is pr 4,
where pris 1/ 16. Table 2, lists the probability statistics

g B0 055 Poa sy pas Par par ta gy for each column’s m generated items. When accumulating
85 g L2 M P W G G g column-wise produce items in a modified partial product
%o 8 81 80 5o }” 'ﬂ” ' matrix, utilising an OR gate yields precise results in most
R e circumstances, as shown in Table 2.
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Figure 3.Transformation of Generated Partial 21 | 22 | Carry | Sum | Carry | Sum illerence
Products into Altered Partial Products 0 0 0 0 11"2 v 0
Table 2.Probability Statistics of Generate Signals 0 I 0 I 0v v 0
Probability of the generate elements being L]0 0 l v | 1v L
m - Papp I | I 0 I v I X |
e | o 1S three 1°s
allzero [ onel | W0 IS | 04 more Table 4.Truth Table of Approximate Full Adder
21 0.8789 | 0.1172 | 0.0039 - 000390 Inouts Exact Approximate Absolute
31 08240 | 0.1648 | 00110 | 0.00024 | 0.01124 | ")' Outputs Ouiputs | puce
. a2 [ a3 | Carry | Sum | Carey | Sum
§ 107725 702060 | 0.0206 | 0.00093 | 0.02153 Ll
0 % 010710 0 0 v 0v 0

. ) . . . . 01071 0 | v v 0
A 8-bit unsigned multiplier is used for illustration to describe 0 I 0 0 ] TV X% 0
the proposed method in approximation of multipliers.
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producta m, n=am. f nin Figure 3, is the result of AND I T I i X % i
operation between the bits of a m and fn. From statistical
point of view, the partial product a m, n has a probability of I I 0 I 0 X L X I
1/ 4 of being 1. In the columns containing more than three I I I I ] v VX I

partial products, the partial productsam, nand a, n, m are
combined to form propagate and generate signals as given
in (1). The resulting propagate and generate signals form

Table 2, additionally includes the error probability (P err)
for each column when generating signals are reduced using
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an OR gate. Clearly, there is a very little chance of a forecast
going awry. The likelihood of a mistake rising linearly with
an increase in the quantity of generated signals. The cost
of inaccuracy, on the other hand, grows. To avoid this, the
OR gate can only join a maximum of four produce signals
together. Using OR gates, you may create a column with
m different signals.

The proposed approximate technique can be applied to
signed multiplication including Booth multipliers as well,
except it is not applied to sign extension bit.

Approximation of Other Partial Products

The accumulation of other partial products with probability
1/4foram, nand 7/ 16 for p m, n uses approximate circuits.
Approximate half-adder, full-adder and 4-2 compressor
are proposed for their accumulation. Carry and Sum are
two outputs of these approximate circuits. Since Carry
has higher weight of binary bit, error in Carry bit will
contribute more by producing error difference of two
in the output. Approximation is handled in such a way
that the absolute difference between actual output and
approximate output is always maintained as one. Hence
Carry outputs are approximated only for the cases, where
Sum is approximated. In adders and compressors, XOR gates
tend to contribute to high area and delay.

Table 5.Truth Table of Approximate 4-2 Compressor

Approximate

Inputs , Absolute
outputs Difference
el a2 [ 23 | 24 | Carry | Sum
0101070 0v 0v 0
010071 0v | v 0
() 0 I () 0v | v ()
() 0 | | % 0v 0
0 1 0 0 0v | v ()
01 1 [07]1 0X I X |
011 I |0 0X I X |
() | I | IV | v 0
I 0 0 0 0v | v 0
I 0 0 | 0X | X |
Frop 1m0 0X I X |
[ IV 1 IV | v 0
| | 0 0 v 0v ()
| L[ 0] 1 v | v 0
I 1 I 0 v | v 0
| 1 | | I X I X I

For approximating half-adder, XOR gate of Sum is replaced
with OR gate. This results in one error in the Sum computation
as seen in the truth table of approximate half-adder in Table

2. A tick mark denotes that approximate output matches
with correct output and cross mark denotes mismatch.

Sum =x1+x2
Carry =x1-x2

In the approximation of full-adder, one of the two XOR
gates is replaced with OR gate in Sum calculation. This
results in error in last two cases out of eight cases. Carry is
modified as in (3) introducing one error. This provides more
simplification, while maintaining the difference between
original and approximate value as one. The truth Table of
approximate full-adder is given in Table 3.

W = (x1 - x2)
Sum =W @ x3
Carry = W. x3.

Two approximate 4-2 compressors produce nonzero output
even for the cases where all inputs are zero. This results
in high ED and high degree of precision loss especially in
cases of zeros in all bits or in most significant parts of the
reduction tree. The proposed 4-2 compressor overcomes
this drawback. In 4-2 compressor, three bits are required
for the output only when all the four inputs are 1, which
happens only once out of 16 cases.

™ ™ ™ 2 1 7 r r b ?r b5 " r b4 7
w: Ope [EE PEE TpTA IpTA UPST pSE TpeE TPTd PiE pie 02e s s
AL T U o o | H O Gate
o7 (T IPes Pody |Pey) par psa 1

......

| Approximate
Half -adder

Approsimate
Full-adder

_— e — -
azs el [l Sul Sel | Sel g Sel 1500186118518
ezl ol g jlosel | G ;
() e 1€ 16 16
Xy X Xz X0 X X9

,
2l

SARLINE

X

Yoo ¥ ¥izo Yoo ¥mo Ve ¥

Figure 4.Reduction of Altered Partial Products

This property is taken to eliminate one of the three output
bits in 4-2 compressor. To maintain minimal error difference
as one, the output “100” (the value of 4) for four inputs
being one has to be replaced with outputs “11” (the value
of 3). For Sum computation, one out of three XOR gates is
replaced with OR gate. Also, to make the Sum corresponding
to the case where all inputs are ones as one, an additional
circuitx1-x2-x3-x4isadded to the Sum expression. This
results in error in five out of 16 cases. Carry is simplified
asin (4). The corresponding truth table is given in Table 5.

W1 =x1.x2

W2 =X3.x4

Sum = (x1 @ x2) + (x3 @ x4) + W1.W2
Carry = W1+ W2.

Figure 4, depicts the reduction of the 8 8 approximation
multiplier’s revised partial product matrix. The sum and
carry outputs for the vector merge addition phase need
two steps. There are four 2-input OR gates, four 3-input OR
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gates and a 4-input OR gate needed to reduce the generated
signals from columns 3-11. A signal generated by an OR gate
is designated as G | with the weight 2i being assigned to the
column | that corresponds to that signal. In order to create
the Sum and Carry signals S | and C | that correspond to
column | three approximate half-adders, three approximate
full-adders and three approximate compressors are needed
in the first stage for decreasing other partial products. Two
operands x I and y | are produced by reducing the elements
in the second stage using one approximate half-adder and
eleven approximate full-adders and they are passed to a
ripple carry adder for the final result computation.

Two Variants of Multipliers

Two variants of multipliers are proposed. In the first case
(Multi-plier 1), approximation is applied in all columns of
partial products of n -bit multiplier, whereas in Multiplier
2, approximate circuits are used in n - 1 least significant
columns.

Result

The Verilog HDL Modules have successfully simulate,
verified and synthesized using Xilinxise 13.2.

Proposed Result

Simulation

Figure 5
Synthesis Results

RTL Schematic

Figure 6

Technology Schematic

Figure 7
Design Summary
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Figure 8
Timing Summary
Figure 9

Conclusion

Partially modified multiplier products are used in this brief
to suggest effective approximation multipliers. Use of an
OR gate for changed products generates approximations.
Remaining partial products can be reduced by using an
approximate half-adder, full-adder and 4-2 compressor.
In comparison to previous solutions, the designed
approximation multiplier outperforms When compared
to previous approximation multiplier designs, they are
proven to be more precise.

It is possible to employ the proposed multipliers in
applications with minimum loss in output quality while
saving substantial power and area.
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