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ABSTRACT

Multipliers are among the most critical arithmetic functional units in many applications, and
those applications commonly require many multiplications which result in significant power
consumption. For applications that have error tolerance, employing an approximate multiplier
is an emerging method to reduce critical path delay and power consumption. An approximate
multiplier can trade off accuracy for lower energy and higher performance. In this paper, we
not only propose an approximate 4-2 compressor with high accuracy, but also an adjustable
approximate multiplier that can dynamically truncate partial products to achieve variable
accuracy requirements. In addition, we also propose a multiplier and accumulation
(MAC)unit. The proposed MAC using approximate multiplier can adjust the accuracy and
power required for multiplications at run-time based on the users’ requirement

Keywords: Approximate computing, approximate multiplier, CNN accelerator, deep
learning, high precision, recon gurable approximate design.

1. INTRODUCTION

Multipliers are among the most critical arithmetic functional units in many applications, such
as digital signal processing (DSP), computer vision, multimedia processing, image
recognition, and artificial intelligence. Those applications commonly need numerous
multiplications that result in huge power consumption. The high-power consumption is a
challenge for implementing those applications, especially on mobile devices. Therefore,
many studies have proposed techniques to reduce the power consumption of multiplier
circuits. One solution to reduce the power consumption of a multiplier is to approximate
multiplication if the targeted applications allow error tolerance, or in other words, if they are
related to human senses. Due to the human sensory limitations, such as limited viewing
spectrum and hearing range, the accurate computing results are not necessary.

The approximate multipliers sacrifice accuracy in exchange for the reduction of cell area,
timing delay, and power consumption. Approximate multipliers can be categorized into two
types. The first type is to control the timing path of the multiplier, which can be achieved by
using the dynamic voltage scaling. If a lower voltage is applied to a multiplier, the delay of
the critical path will increase. Therefore, when the violation of the timing path happens, the
errors occur, generating approximate results. The second type is to modify the functional
behaviors of multipliers, which is to redesign the accurate multiplier circuits e.g., Wallace
Tree Multiplier and Dadda Tree multiplier. Among the redesigning multipliers, most of the
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previous works proposed inaccurate m-n compressors that have m inputs and generate n
outputs. These inaccurate compressors were used to compress the partial products within
multiplication since the procedure of compressing partial products consumed most of the
multiplier energy and caused long path delay.

II. LITERATURE SURVEY

A.G. M. Strollo, E. Napoli, D. De Caro, N. Petra, and G. D. Meo, “Comparison and
extension of approximate 4-2 compressors for lowpower approximate multipliers,”

Recursive multipliers (RMs) have been classified as a class of low-power multipliers
because they provide a wide-range of power-quality configuration options. 2x2 multipliers
are the constitutional building blocks of this recursive topology; however, most of the state-
of-the-art approximate recursive designs are based on a 4x4 building blocks. Therefore, the
design space exploration of AXRMs using 2x2 multipliers is still an open-research problem.
To add the configurability and flexibility in the design of AxRMs such 2-bit multipliers are
required that exhibit high-performance and low-area. In this article, two approximate 2x2
multipliers are proposed that exhibit double-sided error distribution feature. Compared to the
existing best-approximated 2x2 multiplier, the proposed design achieves a reduction of 52
percent in area and exhibits an improvement of 25 percent in terms of delay while having a
bounded error behavior. Then, three 8x8 multipliers of variable accuracy are designed using
different configurations of approximate 2x2 multiplier. AxXRM1 is the most-accurate design;
an improvement of 50 percent in terms of mean relative error distance (MRED) is achieved
compared to the existing best MRED-optimized design.

ITI. DESIGN OF MAC

The Multiplier-accumulator (MAC) unit supports large number of digital signal processing
(DSP) applications. It also furnishes signal processing ability to the microcontroller for
various applications such as servo/audio control etc. MAC, being an execution unit in the
processor implements a 3-stage pipelined arithmetic architecture which optimizes 8x8
multipliers. It also supports signed/unsigned integers plus signed, fixed-point fractional input
operands [2].

The MAC unit supports mainly three functions:
e Signed and unsigned integer multiplies

e Multiply-accumulate operations supporting signed, unsigned, and signed fractional
operands

e Miscellaneous register operations An accumulator adder and multiplier together form a
MAC unit.

Usually adders are mostly implemented due to the DSP application requirement of fast speed.
The memory fetches the inputs from its location to multiplier for further multiply-accumulate
operations. The generated result of MAC unit is stored at a relevant memory location. The
situation demands that this complete process should be carried out into a single clock cycle .
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Fig. 1. Basic MAC
IV. THE PROPOSED APPROXIMATE MULTIPLIER

FIGURE 7 shows an approximate multiplier with the proposed technique. Even though the
input width of the multiplier is designed to be 8-bit, the proposed technique can still be
extended to larger multipliers. The proposed approximate multiplier contains three stages. In
the first stage, each partial product is generated by two 2-input AND gates as shown
previously in FIGURE 5 with the gate sharing technique applied in FIGURE 6 to further
reduce hardware costs. Depending on the requirements, the accuracy of the generated partial
product can be determined based on the Trunc signal. In our proposed approximate
multiplier, to make the control more efficient as well as to reduce the hardware costs, we
design a 4-bit Trunc signal with each bit to control more than one partial product column,
which we call ‘‘3-4-4-4 partition’’, specifically, each bit from MSB to LSB to control column
14th~12th, 11th ~8th, 7th~4th and 3rd ~Oth respectively, corresponding to the color of
khaki, sky blue, green and black in Stage 2 in FIGURE 7. For example, if the Trunc(3—-0) is
01012, column 14th ~12th and 7th ~4th are accurate, and column 11th ~8th and 3rd ~Oth
are truncated.

VI. PROPOSED HIGH-ACCURACY 4-2 COMPRESSOR

In this project, a high-accuracy and low-power approximate 4-2 compressor is proposed. The
proposed 4-2 approximate compressor is shown in FIGURE 4. The design of the proposed 4-
2 approximate compressor is described as follows. Four inputs X1 ~ X4 are used to generate
W1 ~ W4, Because an incorrectly computed carry bit has a higher error distance than the
sum bit, i.e., an incorrect carry bit produces two times ED of that produced by an incorrect
sum bit, the carry bit in the proposed compressor is designed always to be correctly
generated. The equations of generating carry bit are shown below. The carry bit will become
1 under three circumstances. One is X1 and X2 are both 1.

Another is X3 and X4 are both 1. The third is either of X1 or X2 is 1 and either of X3 or X4
is 1. (14) checks the first two situations, and (15) checks third situation. (16) produces the
final carry bit.
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W1 =X1AND X2
W2 =X1O0R X2
W3 =X3 AND X4
W4 =X3 OR X4
W5 =WI1 OR W3
W6 =W2 AND W4
Carry = W5 OR W6
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FIGURE 4. Gate-level implementation of proposed 4-2 compressor.

carry

Wi

The proposed equation to generate the sum bit is shown below. In an accurate 4-2
compressor, the sum bit is generated with four XOR gates built within the two full adders.
Whereas in our proposed compressor, we generate the sum bit by inputting W2 and W4 into a
2-input XOR gate to utilize the signals that are used to generate the carry bit. By sharing the
common signals, we can reduce the circuit area and static power consumption. However, we
found that the error distance is large if only W2 and W4 are fed into a 2-input XOR gate.
Because W2 and W4 are generated with OR gates, the error occurs either when both X1 and
X2 are 1 or both X3 and X4 are 1, which lead the sum bit to the result of 1 when it is
supposedly 0. To achieve high accuracy, we add W35, the signal used to detect these two
cases, into the XOR gate. For example, if both X1 and X2 are 1, both W2 and W35 will be 1,
and the sum bit will turn out to be ‘0 XOR W4’, resulting in W4 as the sum bit. In this case,
the number of bits that need to be considered are only X3 and X4. However, when all four
inputs are 1, the sum bit turns out to be 1, resulting in the error distance of 1. Sum = W5
XOR W2 XOR W4 (17) TABLE 1 is the truth table of our proposed approximate 4-2
compressor. An error will only occur when all four inputs equal to 1. The probability of a
partial product being 1 is 1/4 considering the probability of a bit in the multiplicand and a bit
in the multiplier both being 1 is (1/2)2 , so the probability of four inputs being all 1 is only
(1/4)4 . And even if the error happens, the difference between accurate output and our output
is only 1 which is negligible. Error = W1 AND W3 (18) For the error detection purpose, we
only need an extra AND gate to detect whether both W1 and W3 are 1, because W1 uses an
AND gate to detect whether both X1 and X2 are 1, and W3 uses an AND gate to detect
whether both X3 and X4 are 1. The equation of the error detection circuit (EDC) is shown in
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(18). Therefore, the error compensation circuit of the proposed 4-2 compressor can be easily
constructed by adding an extra AND gate.

TABLE 1. Truth table of our proposed approximate 4-2 compressor design.
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FIGURE 5. Modified partial product.

VII. DYNAMIC INPUT TRUNCATION

To achieve an adjustable approximate multiplier at runtime, we propose a dynamic input
truncation technique, which uses two 2-input AND gates, as shown in FIGURE 35, to produce
a partial product, whose equation is shown in (19), where A is the multiplicand and B is the
multiplier. The Trunc signal is used to determine whether the partial product PPD should be
truncated. If the Trunc is 1, the partial product is truncated to 0. To be more precise, the
Trunc signals save the power by truncating the PPDs in the multiplications to zeros. In other
words, we can think of the Trunc signals serving the role as disabling the hardware units in
the corresponding columns. PPDij= (~ Trunc AND Bi) AND Aj (19) For an 8 x 8 multiplier,
each bit of the multiplier is corresponded to 8 bits of the multiplicand; therefore, we propose
to reduce hardware costs by sharing gates with an extra AND gate. For example, PPD0O0
equals ~Trunc0-B0- A0 and PPDO1 equals ~TruncO-B0-Al. In this case, ~TruncO- B0 can be
computed in advance to generate a mask, and three 2-input AND gates are required, as shown
in FIGURE 6. The control of the Trunc signals in the proposed approximate multiplier will be
discussed in more details in the next subsection.

A —|
Bg T
Trunc
r PPDy;

FIGURE 6. A gate sharing example to reduce the number of gates.
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FIGURE 7. Proposed approximate multiplier.

VIII. RESULTS

RTL SCHEMATIC:- The RTL schematic is abbreviated as the register transfer level it
denotes the blue print of the architecture and is used to verify the designed architecture to the
ideal architecture that we are in need of development .The hdl language is used to convert the
description or summery of the architecture to the working summery by use of the coding
language i.e verilog ,vhdl. The RTL schematic even specifies the internal connection blocks
for better analyzing .The figure represented below shows the RTL schematic diagram of the
designed architecture.

nate_Multiplier

4
Approximate_Multiplier

FIG 7.1 RTL Schematic of approximate multiplier

Fig7. 2.RTL Schematic of MAC using approximate multiplier
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7.2TECHNOLOGY SCHEMATIC:- The technology schmatic makes the reesentation of the
architecture in the LUT format ,where the LUT is consider as the parameter o area that is

used in VLSI to estimate the architecture design .the LUT is consider as an squarunit the
memory allocation of the code is represented in there LUT s in FPGA

7.3 View Technology schematic of approximate multiplier

Fig 7.4. View Technology schematic of MAC using approximate multiplier

Fig :family selected for synthesis
SIMULATION:-

The simulation is the process which is termed as the final verification in respect to its
working where as the schematic is the verification of the connections and blocks. The
simulation window is launched as shifting from implantation to the simulation on the home
screen of the tool ,and the simulation window confines the output in the form of the wave
forms. Here it has the flexibility of providing the different radix number systems.

Fig 7.5:Simaulation wave forms of approximate multiplier
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Fig7.6:Simaulation wave forms of MAC using approximate multiplier
PARAMETERS:-

Consider in VLSI the parameters treated are area ,delay and power ,based on these
parameters one can judge the one architecture to other. here the consideration of area power
and delay also considered the parameter is obtained by using the tool XILINX 14.7 and the
HDL language is

verilog language.

Device utilization summery of approximate multiplier

Device Utikaation Semmary (estimated valses) [ 1
Logic Utilization Used Available Utilization
Number of Slice LUTs 103 46560 | 0%
Number of fully used LUT-FF pairs Q 103 I 0% I
Number of bonded 10Bs 36 240 15%

delay: 7.673ns
Device utilization summery of MAC using approximate multiplier

Device Utilization Summary (estimated values) [ 1
Logic Utilization Used Available Utilization
Number of Slice Registers 16 93120 [ 0%
Number of Slice LUTs 145 46560 . 0% ‘
Number of fully used LUT-FF pairs 16 145 11%
Number of bonded 10Bs 38 240 15%
Number of BUFG/BUFGCTRLs 1 . 2 [ %

Minimum period: 2.179ns (Maximum Frequency: 458.926MHz)
Minimum input arrival time before clock: 8.410ns
Maximum output required time after clock: 0.735ns

CONCLUSION

This project presents MAC unit using approximate multiplier with novel approach of
approximate 4 : 2 compressor architectures. .In this paper, we not only propose an
approximate 4-2 compressor with high accuracy, but also an adjustable approximate
multiplier that can dynamically truncate partial products to achieve variable accuracy
requirements. In addition, we also propose a multiplier and accumulation (MAC)unit. The
proposed MAC using approximate multiplier can adjust the accuracy and power required for
multiplications at run-time based on the users’ requirement. Basically, it is quite challenging
to design an approximate multiplier with absolute benefit, and the optimal answer is typically
the one that best suits the target application. Our approximate multiplier design offers a
candidate with a competitive error-electrical performance tradeoff.
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