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In the domain of high-performance computing, the efficiency of arithmetic 

operations like multiplication holds significant importance for overall system 

performance. Multipliers, serving as fundamental components, have a profound 

impact on computational throughput. Similarly, sorting networks are crucial for 

data organization and manipulation. This study proposes an integrated approach 

that combines multiplier design principles with sorting network techniques to 

enhance computational efficiency. By harnessing the strengths of both 

methodologies, the proposed technique aims to optimize area, power, and delay 

in arithmetic-intensive applications. Through a thorough investigation of 

multiplier architectures and sorting algorithms, this paper presents 

implementations of adders, and exact & approximate compressors with a 

compression ratio of 4:2 using sorting networks. These findings show substantial 

gains when integrated into an 8x8 bit exact multiplier, with gains ranging from 

28.5% to 49.99% in the area to delay product (ADP) and 39.17% to 45.87% in the 

power to delay product (PDP). Integration of these enhancements into an 

approximate 8x8 bit multiplier yields similar results: 1.5% to 38.34% in the area 

to delay product (ADP) and -7.79% to 39.12% in the power to delay product 

(PDP). 

Keywords: Adders, Exact & Approximate compressor with the ratio of 4:2, 

Multiplier, Sorting network. 
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1. Introduction 

In the realm of digital signal processing (DSP) applications and microprocessors, 

multiplication stands as a fundamental operation frequently employed. Typically, the 

multiplication process of any multiplier involves three key steps: generating partial products, 

consolidating partial products, and summing up the final vector. The conventional array 

multiplier, while widely used, suffers from significant delay, which can be mitigated through 

techniques like the Dadda multiplier or the Wallace tree approach [1-3]. These methods have 

been extensively studied and applied in various hardware applications, including public-key 

cryptosystems where modular multipliers are constructed using large number multipliers 

based on algorithms such as Toom-Cook [5] or Karatsuba [4]. Both Toom-Cook and 

Karatsuba algorithms have been thoroughly investigated and utilized in hardware applications 

like the number theoretic transform (NTT) [6-7]. 

The Wallace tree multiplier [1], its simplified version, and the Dadda multiplier expedite 

Summation by utilizing the full-adder as a compressor with a ratio of 3:2, thus reducing time 

consumption and generating a carry- save structure. Several studies have investigated various 

architectures aimed at reducing latency and accelerating summation, including the 

development of compressors with compression ratios exceeding (3,2). These compressors 

limit the number of rows to two by taking into account the carry bits between neighboring 

columns. 

Some research has explored compressors in (4,2) [9] and (5,2) [10] configurations and their 

effectiveness in reducing delays. However, the extensive use of XOR gates in these 

compressors complicates logical simplification, rendering the technique less efficient. 

In contemporary applications, particularly in disciplines requiring inherent error tolerance like 

artificial intelligence, image processing, and recognition, approximations and the widespread 

adoption of approximate multipliers are becoming increasingly necessary. Approximate 

multipliers consist of approximate compressors or simpler circuits that replace portions of 

exact compressors, introducing some inaccuracies but enhancing power, speed, and area 

efficiency. Previous studies [16-22] have addressed the utilization of complete adders in 

constructing high-speed approximation (4:2) compressors. 

In this paper, we propose an adders and an exact & approximate compressor with a 

compression ratio of 4:2 using sorting networks. These components are utilized in the design 

of an 8x8 multiplier, implemented in 90nm and 180nm CMOS technology. 

The rest of this paper is organized as follows: Existing Methodology, Proposed Methodology, 

Sorting Network Review, Results and Comparisons, Conclusion and References. 

 

2. EXISTING METHODOLOGY: 

Half-Adder: 

A half-adder is a basic digital circuit, illustrated in Figure 1, which adds two single-bit binary 

values and generates two single-bit outputs referred to as carry (C) and sum (S). 
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FIGURE 1: Half-Adder 

Full-Adder: 

Similar to a half-adder, a full-adder is a simple basic circuit that combines three single-bit 

inputs (A, B, & Ci), as shown in Figure 2. It generates two single-bit outputs, namely carry 

(C) and sum (S). 

 

FIGURE 2: Full-Adder 

Exact (4:2) Compressor: 

The exact compressor with a compression ratio of 4:2 consists of five input bits, three output 

bits, and two full-adders. This configuration maintains total accuracy without compromising 

any information. Figure 3 illustrates the block layout of the exact compressor with a 

compression ratio of 4:2. 

 

FIGURE 3: Exact Compressor of 4:2 compression ratio 

 

3. REVIEW OF SORTING NETWORK: 

A highly efficient parallel hardware algorithm used for sorting data is known as a sorting 

network. These networks ensure that every element is in the correct order by comparing and 
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exchanging elements in a predetermined sequence of comparisons. Unlike some software 

methodologies such as Quick and Merge sort, sorting networks do not depend on the size of the 

input data. Instead, they focus on the optimal arrangement of comparison operations, 

facilitating reliable and rapid sorting in hardware implementations. Sorting networks are 

particularly effective for sorting data consisting of 1-bit values, adhering to the well-known 0, 

1 principle. In this study, we exclusively employ unary sorting techniques. 

Data sorter for 1-bit: 

The 1-bit data sorter primarily consists of a compare and exchange (CE) block. As depicted 

in Figure 4, this block comprises 2 single-bit inputs & outputs. The sorter ensures that the higher 

output is consistently positioned at the top, while the lower output is positioned at the bottom. 

 

FIGURE 4: 1-bit Sorter 

Three-way and Four-way Sorting networks: 

The sorting network structure of 3&4 way depicted in Figure 5, is constructed using a series of 

CE blocks arranged in a specific order. In the diagram, each vertical line represents a CE block. 

As illustrated, the output is presented in descending order, with the higher values appearing 

first and the lower values following, irrespective of the 1-bit input. 

 

FIGURE 5: Three-way and Four-way sorting networks 

 

4. PROPOSED METHODOLOGY: 

Half-Adder: 

Here, we are constructing a half-adder using a sorting network and a 1-bit sorter. The half-
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adder has 2 inputs & 2 outputs. As shown in Figure 6, one output, carry (C), is provided directly 

after sorting, while the sum (S) output is provided after connecting to an external circuit. This 

showcases the half- adder's operation without any loss of information, similar to the 

conventional design. 

Below is the logical expression for Sum and Carry in a half-adder: 

𝑆𝑢𝑚 = (𝐴|𝐵) 

𝐶𝑎𝑟𝑟𝑦 = 𝐵 

 

FIGURE 6: Half-Adder 

Full-Adder: 

This full-adder is constructed using a three-way sorting network (3SN). It features three inputs 

& two outputs, labeled as sum (S) & carry (C). The carry 

(C) bit value is provided immediately after sorting the input data, while the sum (S) output is 

delivered after connecting an external circuit, as shown in Figure 7. 

Their equations are as follows: 

Sum = (A&B−)|C 

Carry = B 

 

FIGURE 7: Full-Adder 

Exact (4:2) Compressor: 

The exact compressor with a ratio of 4:2 is constructed using a four- way sorting network 

(4SN). It comprises four inputs: one carry (Cin) & three outputs (Sum, Carry, Cout). In Figure 

8, the operation is divided into three stages: sorting or half-sorting, an external circuit, and a 

full-adder. Through these stages, the output is obtained without any loss of data. The outputs 

of the half-sort stage are labeled as A, B, C, & D. Plugging these outputs into the external 

circuit yields the following equations: 

− 

𝑆0 = (𝐴&𝐵)|𝐷 

𝐶𝑜𝑢𝑡 = 𝐵 
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FIGURE 8: Exact Compressor with a compression ratio of 4:2 

In the full-adder part, we utilize S0 and C to compute the final outputs, Sum and Carry, as 

depicted in Figure 8. The equations for the final outputs are as follows: 

ℎ1 = 𝐶|𝐶𝑖𝑛 ℎ2 = 𝐶&𝐶𝑖𝑛 

𝐶𝑎𝑟𝑟𝑦 = (𝑆0&ℎ1)|ℎ2 

− − 

𝑆𝑢𝑚 = 𝑆0? (ℎ1|ℎ2): (ℎ1&ℎ2) 

Approximate [4:2] Compressor: 

In Figure 9, we have designed an approximate 4:2 compressor using a 4SN. This compressor 

consists of two phases: the sorting network and an external circuit. The outputs of the sorting 

network stage are labeled as A and 

D. The D stage of the sorting network generates the smallest of the given inputs. By omitting 

this stage, we create an approximate compressor with a ratio of 4:2 Figure 9 leads to the 

following equations: 

− 

𝑆0 = (𝐴&ℎ1 )| ℎ2 

𝐶𝑎𝑟𝑟𝑦 = ℎ1 

 

FIGURE 9: Approximate Compressor with a compression ratio of 4:2 
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X4..X1 YANG  

STROLLO 

LIN PROPOSED 

CS E CS E CS E CS E 

0000 00  00  00  00  

0001 01  01  01  01  

0010 01  01  01  01  

0011 10  10  10  10  

0100 01  01  01  01  

0101 10  10  10  10  

0110 10  10  10  10  

0111 11  11  11  11  

1000 01  01  01  01  

1001 10  10  10  10  

1010 10  10  10  10  

1011 11  11  11  11  

1100 10  10  10  10  

1101 11  11  11  11  

1110 11  11  11  11  

1111 11 -1 11 -1 10 -2 11 -1 

TABLE 1: Truth Table of 4:2 Approximate Compressor 

In addition to the proposed 4:2 approximate compressor, we are examining 

three more 4:2 approximate compressors: Yang, Strollo, and Lin. Their truth table is outlined in 

Table 1. 

 

5. RESULTS AND COMPARISONS: 

To assess the performance of the designed adders, compressors, and multipliers, we 

implemented them in Verilog HDL. Subsequently, they were synthesized using the Cadence 

(Genus) tool with 90nm and 180nm technology. The synthesis results are provided below 

Results of Half-Adder: 

According to the results presented in Table 2, the proposed half-adder design demonstrates 

significant improvements compared to the previous design. Specifically, it outperforms the 

previous design by more than 17%, 22%, and 30% in terms of latency, ADP & PDP 

respectively. Additionally, it utilizes substantially less area and power. 
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TABLE 2: Synthesis Results of Half-Adder 

Results of Full-Adder: 

Table 3 showcases the results of the proposed full-adder design, which not only consumes less 

area and power but also surpasses traditional designs in terms of latency, ADP & PDP by over 

29%, 50%, and 72% respectively. 

 

TABLE 3: Synthesis Results of Full-Adder 

Results of Exact (4:2) Compressor: 

Table 4 presents the outcomes of the suggested exact compressor design, featuring a ratio of 

4:2, demonstrating its superior efficacy concerning both area utilization & power efficiency. 

Furthermore, it surpasses previous designs by over 4% in delay, 22% in ADP, and 37% in 

PDP. 

 

TABLE 4: Synthesis Results of Exact (4:2) Compressor 
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Results of Approximate (4:2) Compressor: 

The presented Table 5 illustrates the comparative performance metrics of the suggested 

approximate compressor with a ratio of 4:2 against three more existing approximate 

compressors of 4:2 ratio in both 90nm and 180nm technologies. It highlights significant 

reductions in delay, ADP,and PDP when compared to existing techniques. 

Our thorough analysis indicates that the proposed design outperforms Lin, Yang, and Strollo 

compressors in the context of area and & power. However, concerning delay, the suggested 

design exhibits 54.27%, 12.95%, 

and 30.85% greater delay, ADP, and PDP respectively than Lin in 90nm technology. 

Nevertheless, the proposed architecture demonstrates improved efficacy concerning delay, 

ADP,& PDP when the technology is upgraded to 180nm. 

 

TABLE 5: Synthesis Results of Approximate (4:2) Compressor 

Design of 8x8 Multiplier: 

To demonstrate the effectiveness of the suggested designs, we implement an 8x8 bit multiplier 

as an application. The structural design of the 8x8 bit multiplier is demonstrated in Figure 10. 

 

FIGURE 10: 8x8 Multiplier 
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Results of 8x8 Multiplier: 

Table 6 presents the synthesis results of an 8x8 bit exact multiplier. The existing architecture 

of the 8x8 bit multiplier integrates standard adders & 4:2 exact compressor designs. In contrast, 

the suggested architecture incorporates a full-adder, a half-adder, & an exact 4:2 compressor 

based on sorting networks, all arranged within the 8x8 bit multiplier. 

The proposed 8x8 bit multiplier utilizing sorting networks demonstrates superior performance 

in terms of ADP and PDP. 

 

TABLE 6: Synthesis Results of Exact 8x8 Multiplier 

Table 7 presents the synthesis results for an 8x8 bit inaccurate multiplier. The proposed 8x8-

bit approximate multiplier demonstrates superior performance in the context of area & power 

efficiency than the preceding three solutions. However, it exhibits a longer delay compared to 

Lin and Yang. 

Despite this,the proposed approximate 8x8 bit multiplier outperforms existing approximate 

8x8 bit multipliers in terms of ADP and PDP except Lin multiplier design in PDP. 

 

TABLE 7: Synthesis Results of Approximate 8*8 Multiplier 

 

6. CONCLUSION: 

In the context of this study, we introduce adders, both exact & approximate compressors with 

a compression ratio of 4:2 utilizing sorting networks. When integrated into an 8x8 bit exact 

multiplier, our devised approach demonstrates superiority in ADP & PDP, showing 

enhancements of 28.5% to 49.99% for ADP and 39.17% to 45.87% for PDP, respectively. 
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Similarly, with an 8x8 bit approximate multiplier, improvements of 1.5% to 38.34% for ADP 

and -7.79% to 39.12% for PDP are observed. 

While there exists an anomaly in the behavior of the 8x8 bit approximate multiplier concerning 

PDP for the Lin multiplier design, the overarching trend suggests that PDP performance 

evolves positively with the advancement of nanometer (NM) technology. 

Thus, we can conclude that sorting network strategies exhibit improved performance as NM 

technology advances. 
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