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Binary addition forms the backbone of computational arithmetic, serving as a core operation 

in Digital Signal Processing, arithmetic and logic units, microprocessors, and microcontrollers. 

As adders are integral to these applications, ongoing research aims to optimize their 

performance. The propagation of the carry bit significantly affects an adder's delay, making 

its design critical. In this paper, we propose and evaluate an efficient design for a 64-bit 

parallel prefix adder (PPA), a high-speed adder that balances performance with resource 

utilization. Unlike ripple carry adders (RCA), which suffer from serial delay issues, and carry 

look-ahead adders (CLA), which mitigate delay at the cost of increased complexity, PPAs 

leverage prefix operations for fast and efficient addition. Our proposed PPA achieves a critical 

path delay of 23.21 ns, demonstrating high-speed performance with low power consumption 

and reduced area overhead. The design was developed using Verilog HDL, simulated, and 

synthesized using the Xilinx ISE tool. These results highlight the PPA's suitability for VLSI 

designs, offering an optimal trade-off between speed, area, and power for modern 

computational systems.  
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INTRODUCTION 

The performance of a computer system largely depends on the speed of its processing unit, 

which includes the central processing unit (CPU) and hard disk, as well as the size of the 

random access memory (RAM). When dealing with a low-performance system, updating or 

formatting the system may help to a certain extent, but factors such as the size of the input 

operand and the delay parameter of the adder circuit can significantly impact the system's 

speed.  
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To address these issues and improve system performance, parallel prefix adders can be used. 

These adders have three stages, including a pre-processing stage, where propagate, generate, 

and half-sum bits are calculated similar to the carry look-ahead adder (CLA); a carry 

generation stage, where carriers are generated in parallel form; and a post- processing stage, 

where the sum of the input bits is obtained. The gate count of the adder circuit can be reduced 

by utilizing the modified Ling equation in developing the adder structure. The digital logic level 

of a computer system plays a crucial role in overall performance. The lowest level, level 0, 

involves logical functions that collaborate to perform larger tasks. Gates and Boolean algebra 

are used to form logic circuits, such as adders, which are essential for binary addition 

commonly used in microprocessors, microcontrollers, and digital signal processing 

applications. Improving the performance of the adder circuit can lead to significant 

improvements in system speed by decreasing cell area, delay time, and power usage. 

However, an increase in the input operand width can lead to increased carry chain and delay 

parameters. The delay of an adder is dependent on its carry propagation, and parallel prefix 

adders can help reduce the delay by dividing the carry calculation into multiple stages. B. 

Parhami concluded the principles of arithmetic algorithms, addition and subtraction 

algorithms, multiplication algorithms, division algorithms, and floating-point arithmetic. The 

author also discusses various design issues related to arithmetic hardware, including carry-

save adders, carry look ahead adders, carry-select adders, and parallel prefix adders [1]. 

Koren, Computer Arithmetic Algorithms book provides a comprehensive overview of 

computer arithmetic algorithms, including adders, multipliers, dividers, and square root 

algorithms. The book covers different arithmetic architectures, such as ripple-carry adders, 

carry-look ahead adders, and carry-select adders, as well as parallel-prefix adders. The author 

discusses the design and optimization techniques of various arithmetic algorithms, including 

the use of redundant number systems, signed-digit representation, and the Chinese 

remainder theorem [2]. P. Kogge et al., presents an efficient parallel algorithm for solving 

recurrence equations that arise in many computer applications. The algorithm is based on a 

divide- and-conquer approach that involves breaking the recurrence into sub-problems and 

solving them in parallel. The authors demonstrate the effectiveness of their algorithm by 

applying it to several examples of recurrence equations, including the computation of the 

Fibonacci sequence, and show that it provides a significant speedup over traditional 

sequential algorithms [3]. R. Brent et al., proposed a pre- processing stage involves generating 

the prefix sums and prefix carries using logic gates, which are then used in the carry 

generation stage to generate the carry bits for each stage of the adder. The Ling adder is used 

in this stage to further reduce the gate count, resulting in a more efficient carry generation 

circuit. Gular layout for parallel adders, which is based on a divide-and-conquer approach. 

The proposed layout uses a tree structure to perform the addition in parallel, where each 

level of the tree corresponds to a half adder, full adder, or carry look ahead adder. The 

regularity of the layout makes it easy to implement and can be extended to large bit-width 

adders [4]. Dayu Wang et al., proposed the concept of parallel prefix computation, which is a 

technique to compute prefix operations (such as prefix sums, products, etc.) in parallel. The 
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paper introduced a general model for parallel computation and showed how parallel prefix 

computation could be used to compute many other parallel algorithms efficiently. The 

authors also proposed efficient algorithms for parallel prefix computation, such as the scan 

algorithm and the reduction algorithm [5]. Lakshmanan et al., presents a design of a hybrid 

carry select adder that uses Ling's algorithm for parallel-prefix addition. The authors propose 

a method to optimize the structure of the adder by minimizing the number of 1-bit full adders 

used in the design. The proposed hybrid design is shown to be faster and more area-efficient 

than conventional carry select adders. The simulation results indicate that the proposed 

adder design is capable of achieving high-speed operation with a low power consumption [6]. 

Jun Chen et al., designed and implemented the parallel-prefix Ling structures for modulo 2^n-

1 addition. The authors introduce a new parallel-prefix Ling structure that can perform 

modulo 2^n-1 addition with lower latency and area overhead than existing designs. They also 

propose a modified Ling structure that reduces the critical path delay and improves 

performance for modulo 2^n-1 addition [7]. Soumya Ganguly et al., presents a reconfigurable 

parallel prefix Ling adder (RPPLA) based on modified enhanced flagged binary logic. The 

modified logic reduces the number of logic gates and the critical path delay of the adder. The 

RPPLA can operate in both carry- propagate and carry-select modes and can be easily 

configured to suit different operands. The adder was implemented using VHDL and 

synthesized using Xilinx Synthesis Technology (XST). The experimental results show that the 

RPPLA design outperforms other state-of-the-art designs in terms of area, power 

consumption, and speed.The pre- processing stage involves generating the prefix sums and 

prefix carries using logic gates, which are then used in the carry generation stage to generate 

the carry bits for each stage of the adder. The Ling adder is used in this stage to further reduce 

the gate count, resulting in a more efficient carry generation circuit [8].  J Grad et al., presents 

a hybrid design of the Ling adder and the carry-select adder, which aims to achieve a balance 

between performance and area efficiency. The authors highlight the importance of designing 

efficient adders in various computational structures, and discuss the advantages and 

drawbacks of the Ling and carry-select adders. They propose a new hybrid design that uses a 

Ling adder for the first stage and a carry-select adder for the subsequent stages. The proposed 

hybrid adder reduces the area requirement compared to a conventional carry-select adder 

while providing comparable performance. The authors provide a detailed analysis of the 

proposed design, including an explanation of the logic and the simulation results. They also 

compare the performance and area efficiency of their proposed design with other existing 

adder designs, such as the Kogge-Stone adder and the Brent-Kung adder. The results show 

that the proposed hybrid adder is a competitive alternative for a 32-bit adder. Overall, the 

paper provides valuable insights into the design and implementation of efficient adders for 

various computational structures. Nithin et al., focuses on the various types of adders such as 

ripple carry adders, carry look-ahead adders, carry select adders, and parallel prefix adders. 

The authors review the advantages and disadvantages of each type of adder and highlight the 

importance of area and power efficiency in adder design. Several previous works on Ling 

adder design and carry select adder design are also discussed in the literature review. The 
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authors conclude that the proposed 16-bit Ling CSLA design offers significant area and power 

savings compared to other CSLA designs. The simulation results show that the proposed adder 

has a delay of 17.63 ns and consumes 266.6 µW of power [9]. Rohan Pinto et al., proposes a 

low-power and low-area parallel prefix adder design based on modified Ling equations. The 

authors note that the delay and area of parallel prefix adders are a concern in modern VLSI 

designs, and that there is a trade-off between power consumption and area. To address these 

issues, the authors propose a new design that modifies the Ling adder architecture to achieve 

a lower area and power consumption while maintaining a reasonable delay [10].  Tso-Bing 

Juang et al., discusses an area-efficient parallel-prefix Ling adder. The design utilizes a 

combination of the Ling adder structure and parallel-prefix adder architecture to reduce area 

and delay. The authors compare their proposed design to existing adder structures and show 

that it outperforms them in terms of both area and delay. The design is also compared with 

other recently proposed parallel-prefix adders, and again it is shown to have better 

performance in terms of area and delay. The authors provide Verilog HDL code for the design 

and report results from simulations conducted using ModelSim software. They also 

implement the design on an FPGA platform and provide experimental results. The paper 

concludes that the proposed design provides a good trade-off between area and delay and 

can be used in a wide range of applications, including digital signal processing, 

microprocessors, and microcontrollers [11]. In this paper, the authors proposed a low-power 

modified shift-add multiplier design using a parallel prefix adder. The proposed design is 

based on a modified Ling adder structure and uses a new technique for generating partial 

products. The proposed multiplier design was implemented using the 45nm CMOS technology 

and simulated using Synopsys Design Compiler and HSPICE. The simulation results showed 

that the proposed multiplier design had a better power-delay product compared to other 

existing designs [12]. The authors also compared the proposed multiplier design with existing 

designs such as the modified booth algorithm-based multiplier, radix-4 booth algorithm-

based multiplier, and carry-save multiplier. The simulation results showed that the proposed 

multiplier design had a lower power consumption and better performance compared to these 

existing designs. The paper also presented a detailed literature survey on various multiplier 

designs and parallel prefix adder designs. The literature survey discussed the advantages and 

disadvantages of each design and presented a comparison of these designs based on various 

parameters such as power consumption, delay, and area. G. Dimitrakopoulos proposed an 

optimized Ling adder design that can achieve a high-speed performance with low power 

consumption and area requirements. The proposed design is based on a modified carry-select 

adder (CSLA) structure with a modified ling-based carry generator. The experimental results 

showed that the proposed design achieved a 20% reduction in power consumption compared 

to previous designs, while maintaining high-speed performance [13]. N. Poornima et al., 

discusses an area-efficient hybrid parallel prefix adder design. The hybrid adder design 

combines the advantages of the carry-select and carry-skip adders to reduce the area and 

delay of the adder while maintaining a high level of performance. The authors present 
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simulation results and comparisons with existing adders to demonstrate the effectiveness of 

the proposed design [14]. 

I. PROPOSED WORK 

Parallel prefix adders are a type of carry look ahead adder (CLA) that perform carry 

generation in a pre-processing stage before adding the operands. This allows for faster 

computation of the sum by eliminating the need to propagate carry bits through the adder 

circuit. 

The three stages of a parallel prefix adder are: 
 

A. Pre-processing stage: In this stage, the operands are prepared for addition by 

calculating intermediate values, such as the prefix sums and prefix carries, using logic 

gates. 

B. Carry generation stage: In this stage, the carry bits are generated based on the 

prefix carries calculated in the previous stage. The carry generation circuitry uses logic 

gates to generate the carry bits for each stage of the adder. 

C. Post-processing stage: In this stage, the final sum is calculated using the 

generated carry bits and the intermediate values computed in the pre-processing stage. 

The post-processing stage may also include additional logic gates to handle overflow and 

other special cases. 

Overall, the use of a parallel prefix adder can result in faster addition of large 

numbers, making it a popular choice for high-performance arithmetic operations in 

computer systems. The Figure 1 picturize the PPA graph. 

 

Figure 1. 64-bit Parallel Prefix Adder 

The pre-processing stage involves generating the prefix sums and prefix carries 
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using logic gates, which are then used in the carry generation stage to generate the carry 

bits for each stage of the adder. The Ling adder is used in this stage to further reduce the 

gate count, resulting in a more efficient carry generation circuit. Figure 2 shows the power 

estimation of RCA. 

Figure 2. Power Estimation of RCA 

 
Figure 3.  Area Requirement of RCA 

 

 

Figure 4. Delay result of RCA and Power Estimation of CLA 
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Figure 5.Area Requirement of CLA 

 

Figure 6. Delay result of CLA 

Table 1. Area Power Delay Comparison 

Existing 
Method 

Pre-delay 
(ns) 

Power 
(uW) 

Area 

RCA 109.871 1291 768 

CLA 112.871 1974 768 
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The Table 1 shows the area power delay comparison among the existing methods. 

Figure 3 clearly shows the area requirements of RCA. Figure 4 displays the output of delay 

result of RCA and power estimation of CLA. Figure 5 and 6 shows the area requirement and 

delay results of CLA respectively. 

CONCLUSION 

Thus the Binary addition forms the backbone of computational arithmetic, serving as a core 

operation in Digital Signal Processing, arithmetic and logic units, microprocessors, and 

microcontrollers are used here. The propagation of the carry bit significantly affects an 

adder's delay, making its design critical. In this paper, we propose and evaluate an efficient 

design for a 64-bit parallel prefix adder (PPA), a high-speed adder that balances 

performance with resource utilization. Unlike ripple carry adders (RCA), which suffer from 

serial delay issues, and carry look-ahead adders (CLA), which mitigate delay at the cost of 

increased complexity, PPAs leverage prefix operations for fast and efficient addition. Our 

proposed PPA achieves a critical path delay of 23.21 ns, demonstrating high-speed 

performance with low power consumption and reduced area overhead. This design was 

developed using Verilog HDL, simulated, and synthesized using the Xilinx ISE tool. These 

results highlight the PPA's suitability for VLSI designs, offering an optimal trade-off 

between speed, area, and power for modern computational systems.  
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