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Partial product reduction becomes the main task in the multiplication
process. Therefore, the partial product stages of multipliers are reduced with
the usage of compressors, by using compressors in the multiplier. Using
compressors in the multiplier circuit significantly impacts multiplier
performance. Approximate compressors are crucial for achieving better
design metrics in parallel multipliers. This paper proposes to create various
new approximate 4:2 compressor circuits. A trade-off is made between the
performance and accuracy of this approximate circuit design approach. The
proposed designs have been implemented using XOR-XNOR gates with a 2-
to-1 multiplexer, and also XOR-XNOR gates with transmission gates. All
these circuits have been simulated using Cadence in different technological
nodes. Compared with the existing technique, the proposed 4:2
approximation compressor provides 51.4% power reduction and 26.45%
delay reduction for 45 nm equipment.
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1. INTRODUCTION

Low energy usage is a significant problem when designing efficient computing systems in
approximate computing [1]. This strategy can improve efficiency [2] without sacrificing acceptable quality
by using approximate computations [3]. Approximate computing is more suitable in embedded and mobile
systems [4] and also in image recognition, data mining, and machine learning [5]. There are several VLSI
abstractions [6], including the algorithmic, architectural, logic, gate, and transistor levels [7].

During multiplication, the partial product reduction stage has high power consumption [8], large
silicon area, and more delay due to repeated additions [9]. Therefore, compressors are used to improve the
circuit performance [10]. In a 4-2 compressor design, the transistor count ranges from 40 to 28 [11]. The
XOR makes use of a 6T XOR-XNOR gate [12]. The adders considered approximate implementation in the
lower partial OR adder [13]. In approximations, a one-bit adder, or full adder, and the circuit is built using
basic gates [14]. Inverters, two-input NAND, NOR, XOR, and XNOR are examples of basic gates used to
calculate [15].

Gate-level logic complication reductions are proposed by the author to reduce the logic complexity
[16]. A similar kind of 4:2 compressors found a comparative evaluation of four different approximate adders
[17]. The purpose of the approximate compressor is presented for biomedical applications [18].
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Recently, a variety of compressors have been proposed to reduce delay while performing repeated
tasks [19], and these were employed in multipliers to accord configurable multipliers [20]. Approximate
multipliers [21] for distinct columns are synthesized using the 28nm technology [22]. Simulations are
conducted on the component and utilization layers to evaluate outcomes [23]. Compressors lower precision
and enter the domain of approximation computing by evaluating [24]. An unsigned approximation multiplier
design enhances hardware efficiency without losing precision [25]. A unique 4:2 approximation compressor
is used to simplify the product's intermediate sections [26], and the incorrect result. The majority of
multipliers are generated with reasoning; determining would result in considerable inaccuracy [27].

From the recent research, the existing techniques face challenges like more delay, power
consumption, and more area occupation. Traditional multipliers suffer from high power usage, large silicon
area, and delay, are affect the speed of hardware. To address these issues, approximately 4:2 compressors
were developed. The proposed method reduces the usage of transistor count and lowers the complexity. The
proposed compressor achieves low power consumption and delay at 6T XOR-XNOR gates and 2T
Multiplexer. The proposed approximate compressor is error-tolerant and energy-efficient. The result
accuracy has been confirmed by metrics such as MRED and NMED.

The research questions for the proposed method are how the approximate 4:2 compressor
significantly reduces power usage and delays, and how the 4:2 compressor enhances efficiency and speed
performance. A detailed discussion on the existing 4:2 compressors is presented in Section 2, while Section 3
describes the design method for the organized 4:2 compressor. Section 4 offers a comparative analysis of
existing and organized designs, and Section 5 concludes the paper.

2. EXISTING METHOD

In general, a multiplier uses a compressor to cut down on the stages of partial production. The
compressor 4-2 [2] includes 5 inputs and three outputs. Figure 1 shows a 4:2 compressor. Therefore output
equations of the exact 4:2 compressor are given by

Sum= X1 D X2 D X3DX41DCip, (H
Carry = X4(X; @X; @ X3 ©X,) + Cin (X1:D X,@ X3 X,) )
Cout = X3(X1® X2) + X1 (X;©X;) 3)

The 4-2 architectures using XOR-XNOR gates with 2 to 1 multiplexer and XOR-XNOR gates with
transmission gates. The sum expression in terms of two input XOR-XNOR gates is as follows.

Sum = Cin[ (X1 © X5)( X30X,)' + ([(X1 @ X2) (X3®X,)]' + Cin'[(X1 © X;)(X3DX,)' +
(X5 + X4)] “)

X, X, X, X,

' vy

Cout Compressor Cin
Sum Carry

Figure 1. 4:2 compressors

3. PROPOSED APPROXIMATE 4:2 COMPRESSORS

Our cutting-edge approximation reduces each of the five inputs and three outputs to four inputs and
two outputs before grounding one of the four inputs with a 4-2 compressor. In our proposed design,
approximations were made considering truth tables and Boolean expressions for precise 4-2 compressor carry
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and output sum. From Table 1, we can see that the eight upper binary bits of X4 and C;, are equal compared
to the other lower inputs (X3, X, and X;). Therefore, we are approximating, X4=Ci,, and in the output
columns, as there were two carry outputs, namely Carry and Cou, they are combined as Cout. When X4=Ci,
and Carry= Coy;, consists of the 5-input and 3 outputs of 4-2 compressor is reduced to 4 inputs and 2 outputs,
respectively. Table 1 displays the Truth Table (TT) for the proposed approximate 4-2 compressor.

Table 1. TT of approximate 4:2 Compressor2
X4 X3 X2 Xl Carry Sum

0 0 0 0 0 0
0 0 0 1 0 1
0 0 1 0 0 1
0 0 1 1 1 0
0 1 0 0 0 1
0 1 0 1 1 0
0 1 1 0 1 0
0 1 1 1 1 1
1 0 0 0 0 0
1 0 0 1 0 1
1 0 1 0 0 1
1 0 1 1 1 0
1 1 0 0 0 1
1 1 0 1 1 0
1 1 1 0 1 0
1 1 1 1 1 1

If all 1’s of X4 are replaced with ‘0’ in Table 2, the last eight rows of inputs, Carry and Sum
columns are a replication of the first eight rows, hence neglecting the last eight rows in Table 1, the logic
here is inspected as a Full adder with grounded X4 input as laid out in Figure 2.

V0D X2 | | 1 —_I_
T KT

XNOR — Carry
LOR

x T— N

S

WO
KL

Figure 2. Gate level structure of the proposed 4:2 compressor

Considering (1) and equalizing X, and C;,,

Sum =X1 D Xy) DX3DX4 D X5 (5)

Sum = X1 @0 X2 ® X3 (6)
From (5), X, XOR X, is zero, which reduces it to (6), now if all 1’s of X, is replaced with ‘0’ in Table 2, the
last eight rows of inputs, Carry and Sum columns are replication of the first eight rows, hence neglecting the

last eight rows in Table 2, the logic here is inspected as a Full adder with grounded X, input as laid out in
Figure 3.
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Figure 3. Block diagram of proposed approximate 4:2 compressor2

A condensed representation of the Figure 3 block diagram. A proposed compressor's Table 2 is
shown in Figure 3, in which XOR-XNOR and MUX blocks are executed with 10T and 6T XOR-XNORs and
TG, 2T multiplexers, respectively. Figure 2 depicts the suggested 4-2 compressor gate-level architecture.

4. RESULTS

This section compares efficiency against both precise and approximate 4-2 compressors. Spectre
from Cadence Design Systems is used for all of the simulations. 45nm and 90nm CMOS technology nodes
are used to mimic every circuit. The performance of the proposed method is evaluated using MRED, NMED,
power, transistor count, and delay compared with existing techniques.

4.1. Performance analysis

The NMED is the MED standardized to the particular design's highest efficiency. In many
approximation applications, the difference between exact and approximate results exceeds their relative
differences. The mean relative error distance (MRED) for every N-bit approximation adder is given in (7),

1 2N ED;
MRED = —5 ¥, W (7
where M; is the precise multiplication value an MED that represents the average error distance.

Normalized MED is given in (8),

1 2N

NMED = 22N (N_ 1) 212:1 ED; (8)
where ED is the error rate of the metric. CMOS logic operates in a static state, which means that the input
voltage remains practically constant, where V. is the voltage delivered to a logic I, I.. while is the static
supply current.
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4.2. Comparative analysis

In the proposed 4:2 compressor designs, the cost function (CF) is employed as a unified metric to
assess overall design efficiency by integrating multiple performance parameters such as area, delay, power,
and MRED. The CF, defined by (9), helps in quantitatively comparing the trade-offs between accuracy and
hardware efficiency across various compressor architectures. This approach enables a holistic evaluation that
extends beyond isolated metrics, ensuring that the proposed design achieves an optimal balance between
computational accuracy and resource utilization.

CF = Area x Delay x Power x MRED 9

Table 2 presents the average power consumption results of both regular and proposed 4:2
compressor architectures implemented under 90 nm and 45 nm CMOS technology nodes. It can be observed
that the proposed designs consistently exhibit lower power consumption compared to their regular
counterparts in both technology scales. This significant reduction is attributed to transistor-level optimization,
where simplified logic paths and reduced switching activities contribute to minimizing dynamic power
losses.

Table 2. Average power of 4:2 compressors
Name Compressor Power (um?)
Regular Proposed

90nm 45nm  90nm  45nm
Design 1 10T XNOR-XOR+TGMUX  66.7 296.1 279 1352
Design2 6T XOR-XNOR+TG MUX 63.2 278.3 25.1 121.7
Model 3 10T XNOR-XOR+2T MUX  60.1 195.1 224 78.7
Model 4 6T XOR-XNOR+2T MUX 584 1285 0.78 64.2

Figure 4 shows the exact and proposed transistor counts for the 4-2 compressor designs. The four
designs specified in Figure 4 have been constructed using 10 and 6-transistor XOR-XNOR circuits, and two
input multiplexers are based on a transmission gate and 2 transistors. On comparison, the transistor count has
been transformed to half between regular and proposed designs, that is, 50% advancement in design
intricacy. Figure 4 shows the number of transistors in a quasi-finite 4:2 compressor over three designs in
90nm and 45nm technology nodes.

m Proposed
Design 4 ‘
ERegular
Design 3 =
Design 2 h
Design 1 5
0 10 20 30 40

Transistor count of 4:2 compressor

Figure 4. Transistor count of 4:2 compressor

Figure 5 illustrates the power delay product (PDP) of regular and proposed 4:2 compressor designs
under both 90 nm and 45 nm CMOS technology nodes. It can be clearly observed that all proposed designs
exhibit significantly lower PDP compared to their regular counterparts, confirming enhanced energy efficiency.
The observed PDP improvement at the 45 nm node indicates that technology scaling, coupled with approximate
design optimization, effectively enhances energy efficiency while maintaining reliable computational
performance. Hence, the proposed compressors demonstrate a remarkable reduction in total energy
consumption per operation, validating their suitability for low-power arithmetic and signal processing circuits.

In Figure 6, compared to existing designs, the proposed ones are quicker when the two technology
nodes have been compared independently, and the speed increases as it descends from design 1 to design 4 in
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90 nm and 45 nm nodes. Among all the architectures, design 3 and design 4 show the minimum delay values
due to simplified transistor structures and reduced logic depth in the critical path. The overall delay trend
demonstrates that the proposed compressors not only improve speed performance but also sustain stability
under technology scaling.
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Figure 5. Power delay product of 4:2 compressor
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Figure 6. Delay of 4:2 compressors

4.3. Discussion

The proposed model is most suited for error-resistant applications. Converter transistors are
effectively scaled to reduce power consumption, while the transmission gate transistors are tailored to improve
compressor speed. End users should select designs based on the accuracy, power, and acceptable error ranges
during simulation. At 45nm, the proposed design reduces power by 51.4% while reducing latency by 26.45%.
Overheads are minimal in terms of accuracy degradation, measured through MRED and NMED.

5. CONCLUSIONS

In this paper, we realized the exact and proposed 4-2 compressor architecture, including 10T and 6T
XOR-XNOR gates, transmission gate-based MUX, and two-transistor multiplexer blocks. For this reason,
precision is not substantial in applications; approximations are enforced in regular compressors by
considering Boolean expressions and truth tables, such that the proposed approximated compressor is more
prominent than the regular ones in the perspectives of power and speed. A comparison was made between the
actual approximation 4-2 compressor, showing 51.4% power reduction and 26.45% delay reduction for 45nm
technology.
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