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ABSTRACT

In this Project, we propose four 4:2 compressors, which have the flexibility of switching between the exact and
approximate operating modes. In the approximate mode, these dual quality compressors provide higher speeds
and lower power consumptions at the cost of lower accuracy. Each of these compressors has its own level of
accuracy in the approximate mode as well as different delays and power dissipations in the approximate and exact
modes. These compressors can be used in the structures of parallel multipliers provides configurable multipliers

whose accuracies (as well as their powers and speeds) may change dynamically during the runtime.
INTRODUCTION

Multiplication is a fundamental arithmetic operation in digital signal processing (DSP), computer arithmetic, and
various high-performance computing applications. As the demand for energy-efficient and high-speed computing
systems increases, optimizing multipliers becomes crucial. A significant challenge in multiplier design is

balancing power consumption, speed, and accuracy, especially in applications requiring configurable precision.

To address this challenge, the Adaptive Dual Quality (ADQ) 4:2 Compressor has been introduced as a novel
approach to improve the efficiency of precision-configurable multipliers. The ADQ 4:2 compressor dynamically
adjusts its accuracy and power consumption based on the application’s requirements, enabling an efficient trade-
off between computational precision and energy efficiency. Unlike conventional compressors that operate at a
fixed level of precision, the ADQ compressor can switch between high-accuracy and approximate computing
modes, making it suitable for error-resilient applications such as image processing, artificial intelligence, and

machine learning.

This approach not only reduces power consumption but also enhances the overall performance of the multiplier.
By leveraging adaptive approximation techniques, the proposed compressor significantly improves speed while
maintaining an acceptable level of accuracy, making it an ideal choice for precision-configurable multipliers in

modern computing systems.
LITERATURE SURVEY

1. "Low-Power 4-2 Compressor Design for Dynamic Accuracy Configurable Multiplier" by H. Zhang,
Q. Huang, and X. Zhu (2016). This paper presents a low-power 4:2 compressor design for dynamic
accuracy configurable multipliers. The proposed compressor uses a new dynamic threshold voltage

control technique to reduce power consumption.
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"A High-Performance and Low-Power 4-2 Compressor for Dynamic Accuracy Configurable
Multipliers" by Y. Liu, C. Liu, and Y. Chen (2017). This paper proposes a high-performance and low-
power 4:2 compressor design that utilizes a modified carry-select adder to achieve high performance and

low power consumption in dynamic accuracy configurable multipliers.

"Low-Power 4:2 Compressor Design for Dynamic Accuracy Configurable Multipliers Using an
Optimized Carry-Select Adder" by S. Chen, J. Chen, and J. Zhang (2018). This paper presents a low-
power 4:2 compressor design for dynamic accuracy configurable multipliers that uses an optimized

carry-select adder to reduce power consumption.

"A Novel Low-Power and High-Speed 4-2 Compressor for Dynamic Accuracy Configurable
Multipliers" by H. Zhang, Q. Huang, and X. Zhu (2019). This paper proposes a novel low-power and
high-speed 4:2 compressor design that utilizes a new voltage-controlled technique and a modified carry-
select adder to achieve high performance and low power consumption in dynamic accuracy configurable

multipliers.

PROPOSED SYSTEM

The proposed DQ4:2Cs operate in two accuracy modes of approximate and exact. The general block diagram of

the compressors is shown in Fig. The diagram consists of two main parts of approximate and supplementary.

During the approximate mode, only the approximate part is exploited while the supplementary part is power gated.

During the exact operating mode, the supplementary and some parts of the approximate parts are utilized.

In the proposed structure, to reduce the power consumption and area, most of the components of the approximate

part are

also used during the exact operating mode. We use the power gating technique to turn OFF the unused

components of the approximate part. Also in the exact operating mode, tristate buffers are utilized to disconnect

the outputs of the approximate part from the primary outputs.
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In this design, the switching between the approximate and exact operating modes is fast. Thus, it provides us with

the opportunity of designing parallel multipliers that are capable of switching between different accuracy levels

during the runtime.
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Let’s discuss the details of our four DQ4:2Cs based on the diagram shown in above Fig. The structures have
different accuracies, delays, power consumptions, and area usages. Note that the +ith proposed structure is denoted
by DQ4:2Ci. The basic idea behind suggesting the approximate compressors was to minimize the difference
(error) between the outputs of exact and approximate ones. Therefore, in order to choose the proper approximate
designs for the compressors, an extensive search was performed. During the search, we used the truth table of the

exact 4:2 compressor as the reference.
Structure 1 (DQ4:2C1):

For the approximate part of the first proposed DQ4:2C structure, as shown in Fig., the approximate output carry
(i.e., carry) is directly connected to the input x4 (carry = x4), and also, in a similar approach, the approximate
output sum (i.e., sum) is directly connected to input x1 (sum = x1). In the approximate part of this structure, the
output Cout is ignored. While the approximate part of this structure is considerably fast and low power, its error

rate is large (62.5%).

’
. xl—: : — Cout
X4 —— CARRY 5 |
Xl —40 Sum’ X2 |
ad Exact 4:2 —
| compressor 1% 1L carry
x4 —: :
Cin—l
l\ /’ Sum

Figure.1 Structure1(DQ4:2C1

The supplementary part of this structure is an exact 4:2 compressor. The overall structure of the proposed structure.
In the exact operating mode, the delay of this structure is about the same as that of the exact

4:2 compressor.
Structure 2 (DQ4:2C2):

In the first structure, while ignoring Cout simplified the internal structure of the reduction stage of the
multiplication, its error was large. In the second structure, compared with the DQ4:2C1, the output Cout is
generated by connecting it directly to the input x3 in the approximate part. Fig. shows the internal structure of the
approximate part and the overall structure of DQ4:2C2. While the error rate of this structure is the same as that of

DQ4:2C1, namely, 62.5%, its relative error is lower.

4 \
X3 ————— Cout’ o b
1 X3
X4 ——————CARRY’ 2 ! asil co
X1 Sum’ xa—l Exact 4:2

—
compressor Xﬂ-&l CARRY

S —

Figure.2 Structure2(DQ4:2C2
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Structure 3 (DQ4:2C3):

The previous structures, in the approximate operating mode, had maximum power and delay reductions compared
with those of the exact compressor. In some applications, however, a higher accuracy may be needed. In the third
structure, the accuracy of the approximate operating mode is improved by increasing the complexity of the

approximate part whose internal structure

In this structure, the accuracy of output sum is increased. Similar to DQ4:2C1, the approximate part of this
structure does not support output Cout. The error rate of this structure, however, is reduced to 50%. The overall
structure of DQ4:2C3 is shown in Fig. where the supplementary part is enclosed in a red dashed line rectangle.
Note that in this structure, the utilized NAND gate of the approximate part (denoted by a blue dotted line rectangle)
is not used during the exact operating mode. Hence, during this operating mode, we suggest disconnecting supply

voltage of  this gate by using the power gating.

VDD

Exact mode
activation signal

X1
X2

a >
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Figure.3 Structure3 (DQ3:2C3)
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Figure.6 Dadda 8x8 multiplier Using DQ4:2C1
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Figure.7 Schematic DQ4:2C1
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The results of 8x8 DQ4_2C2
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Figure.12 8X8 DQ4 2C3
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Figure.13 Time status

ADVANTAGES

1. Improved accuracy: Dual-Quality 4:2 compressors can help increase the accuracy of dynamic accuracy

configurable multipliers by reducing the errors that occur during the multiplication process.

2. Better speed: Dual-Quality 4:2 compressors can operate at higher speeds than other types of

compressors, making them an excellent choice for use in high-speed multiplier circuits.
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3. Lower power consumption: Dual-Quality 4:2 compressors require less power to operate than other

types of compressors, making them a more energy-efficient option.

4. Smaller chip area: Dual-Quality 4:2 compressors are relatively small, which means that they take up
less space on a chip. This can be particularly important in applications where space is limited, such as in

mobile devices or other small electronic devices.
APPLICATIONS

1. Adaptive Precision Multipliers: Dual-Quality 4:2 compressors can be used in adaptive precision
multipliers that dynamically adjust the precision of the output based on the input values. The high-quality
output can be used for accurate results, while the low-quality output can be used for approximate results,

thereby saving power.

2. Floating-Point Multipliers: Floating-point multipliers are used in many digital signal processing (DSP)
applications. Dual-Quality 4:2 compressors can be used in the mantissa multiplication unit of the

floating-point multiplier to improve its performance and efficiency.

3. Convolutional Neural Networks (CNNs): CNNs are used in many machines learning applications,
including image and speech recognition. DACMs can be used in the convolutional layers of CNNs to
dynamically adjust the precision of the output based on the input data. Dual-Quality 4:2 compressors can

be used in these DACMs to improve the performance and efficiency of the CNN.
CONCLUSION

In this project, we presented four DQ4:2Cs, which had the flexibility of switching between the exact and
approximate operating modes. In the approximate mode, these compressors provided higher speeds and lower
power consumptions at the cost of lower accuracy. Each of these compressors had its own level of accuracy in the
approximate mode as well as different delays and powers in the approximate and exact modes. These compressors
were employed in the structure of a 8-bit Dadda multiplier to provide a configurable multiplier whose accuracy

(as well as its power and speed) could be changed dynamically during the runtime.
FUTURE SCOPE

Dual-quality 4:2 compressors can be used in dynamic accuracy configurable multipliers to improve their
performance and reduce power consumption. Dynamic accuracy configurable multipliers allow the user to
dynamically adjust the accuracy of the multiplier based on the application requirements. By using dual-quality

4:2 compressors, these multipliers can achieve higher accuracy with reduced power consumption.

One possible future scope for using dual-quality 4:2 compressors in dynamic accuracy configurable multipliers is
in the development of low-power, high-performance digital signal processors (DSPs) for mobile and IoT
applications. These applications require DSPs that can perform complex signal processing operations with high
accuracy while consuming minimal power. By using dynamic accuracy configurable multipliers with dual-quality

4:2 compressors, it is possible to achieve this balance of performance and power efficiency.

Another potential future scope for dual-quality 4:2 compressors is in the development of artificial intelligence

(AI) and machine learning (ML) applications. These applications require high-performance hardware accelerators
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that can perform matrix multiplications with high accuracy and efficiency. By using dynamic accuracy
configurable multipliers with dual-quality 4:2 compressors, it is possible to develop such hardware accelerators

that can achieve both accuracy and efficiency in Al and ML applications.
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