
Page 225 Vol 14 Issue 05,May 2025 ISSN 2456 – 5083 

 
    
  
 
 
 
 
 

 

 
 

 

 

 
 
 
 

SELF-REPAIRING CARRY-LOOK AHEAD ADDER WITH HOT 

STANDBY TOPOLOGY 

1Dr. G. CHENNA KESHAVA REDDY, 2MARAGONI NIHARIKA,  3JILLELLA KAVYA 

SRI, 4JAIDI VINAY REDDY, 5MARTHA RAHUL 
1Associate Professor, ECE, TEEGALA KRISHNA REDDY ENGINEERING COLLEGE 

2345 UG.Scholar, ECE, TEEGALA KRISHNA REDDY ENGINEERING COLLEGE 

 

ABSTRACT 

In modern digital systems, ensuring fault tolerance and reliability is essential, particularly 

within arithmetic units where even minor faults can lead to substantial data corruption. This 

project introduces a self-repairing Carry Look-Ahead Adder (CLA) architecture using a Hot 

Standby Topology to enhance system dependability and minimize downtime. The design is 

structured into two stages: the first stage implements a fault-tolerant CLA in which a secondary 

(backup) adder is kept in hot standby mode and instantly activated when a fault is detected in 

the primary unit. This automatic switching mechanism enables seamless operation during 

hardware failures, significantly enhancing circuit resilience. In the second stage, the optimized 

CLA is embedded into a high-speed Multiply and Accumulate (MAC) unit, a critical 

component for arithmetic-heavy operations such as digital signal processing. By leveraging the 

increased speed and fault tolerance of the self-repairing CLA, the MAC unit achieves greater 

computational accuracy and operational efficiency. The architecture effectively reduces system 

maintenance and improves overall reliability through real-time self-repair functionality. 

Simulation results confirm the superiority of the proposed system, showing marked 

improvements in fault tolerance, execution speed, and power efficiency when compared to 

traditional CLA and MAC designs, making it a promising solution for robust digital computing 

applications. 

I.INTRODUCTION 

In modern digital systems, the demand for high-speed arithmetic operations has led to the 

widespread adoption of Carry Look-Ahead Adders (CLA). These adders offer significant 

advantages over traditional Ripple Carry Adders by reducing propagation delays, thereby 

enhancing overall system performance. However, as systems become increasingly complex 

and integrated, the reliability of these components becomes paramount. Faults in arithmetic 

units can lead to catastrophic system failures, making fault tolerance a critical design 

consideration. 
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One promising approach to enhancing the reliability of CLAs is the incorporation of self-

repairing mechanisms. Self-repairing systems are designed to detect faults and automatically 

reconfigure themselves to maintain functionality. This capability is particularly valuable in 

environments where manual intervention is impractical or impossible. By integrating self-

repairing features into CLAs, it is possible to create adders that not only perform efficiently but 

also maintain operational integrity in the presence of faults. 

A key technique in implementing self-repairing systems is the use of Hot Standby Topology. 

In this configuration, a backup unit runs in parallel with the primary unit and takes over its 

operations in case of a failure. This seamless transition ensures that the system continues to 

function without interruption, thereby enhancing its reliability. 

This project aims to design a self-repairing CLA utilizing Hot Standby Topology to improve 

fault tolerance and system reliability. The proposed design seeks to balance the trade-offs 

between performance, area, and power consumption while ensuring that the adder can recover 

from faults autonomously. Through simulations and analysis, the effectiveness of the proposed 

design will be evaluated, providing insights into its viability for real-world applications. 

II. LITERATURE SURVEY 

The field of fault-tolerant arithmetic units has been extensively studied, with various 

approaches proposed to enhance the reliability of digital systems. Traditional methods often 

involve redundant components and error detection mechanisms to ensure correct operation in 

the presence of faults. 

One notable approach is the use of redundancy in adder circuits. BinTalib and El-Maleh (2021) 

proposed a hybrid and Double Modular Redundancy (DMR)-based fault-tolerant CLA design. 

Their method employs self-voting and C-element logic to detect and correct errors, thereby 

improving the fault tolerance of the adder. This approach demonstrates the feasibility of 

enhancing CLA reliability through redundancy techniques . 

Another significant contribution is the work by Balasubramanian et al. (2017), who introduced 

an asynchronous early output section-carry based CLA with alias carry logic. Their design 

reduces area and latency while maintaining fault tolerance, showcasing the potential of 

asynchronous logic in fault-tolerant adder designs . 

Further advancements include the design considerations of dual-threshold logic for high 

performance and ultralow power CLA circuits. Sivakumar and Banupriya (2012) explored the 

use of dual-threshold voltage domino logic to achieve low power consumption and high-speed 
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operation in CLA circuits, highlighting the importance of power efficiency in fault-tolerant 

designs . 

In the realm of redundancy techniques, Balasubramanian and Naayagi (2017) discussed 

redundant logic insertion to improve fault tolerance in combinational circuits. Their method 

identifies and inserts redundant logic into a circuit to enhance its fault tolerance without 

significantly affecting its performance metrics . 

These studies underscore the importance of integrating fault tolerance into CLA designs. The 

incorporation of redundancy, asynchronous logic, and power-efficient techniques can 

significantly enhance the reliability of CLAs, making them more suitable for critical 

applications where system failures are unacceptable. 

 

 

III. EXISTING CONFIGURATION 

Traditional CLA designs focus primarily on performance metrics such as speed and area. While 

these factors are crucial, they often overlook the aspect of fault tolerance. In conventional 

CLAs, the carry propagation mechanism can lead to delays, and any fault in the carry 

generation or propagation logic can compromise the entire operation. 

Existing fault-tolerant techniques for CLAs typically involve redundancy at the gate or module 

level. For instance, the use of Double Modular Redundancy (DMR) involves duplicating 

critical components and employing voting mechanisms to detect and correct errors. While 

effective, these methods introduce additional area and power overheads, which can be 

detrimental in resource-constrained environments. 

Moreover, traditional redundancy techniques often lack the ability to self-repair. In the event 

of a fault, manual intervention is usually required to restore functionality. This limitation makes 

such systems less suitable for applications where continuous operation is essential, and 

downtime must be minimized. 

The integration of Hot Standby Topology into CLA designs addresses these limitations by 

providing a mechanism for automatic fault detection and recovery. In this configuration, a 

backup adder unit runs in parallel with the primary unit. Upon detection of a fault in the primary 

unit, the backup unit seamlessly takes over its operations, ensuring uninterrupted service. 
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This approach not only enhances fault tolerance but also reduces the need for manual 

intervention, thereby improving system reliability and availability. However, the 

implementation of Hot Standby Topology introduces challenges related to synchronization, 

fault detection, and seamless switching between units, which must be carefully addressed to 

ensure the effectiveness of the design. 

 

Fig 3.1:Block diagram of half adder 

 

Truth Table of Half Adder: 

 



Page 229 Vol 14 Issue 05,May 2025 ISSN 2456 – 5083 

 
    
  
 
 
 
 
 

 

 
 

 

 

 
 
 
 

 

Fig 3.2:Block diagram of full adder 

Truth table of full adder: 

 

  

IV. PROPOSED CONFIGURATION 

The proposed design integrates a self-repairing CLA with Hot Standby Topology to enhance 

fault tolerance and system reliability. The architecture consists of two main components: the 

primary CLA unit and the backup CLA unit. 

The primary CLA unit performs the standard carry look-ahead addition operation. It is 

equipped with fault detection mechanisms that monitor its health and performance. These 
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mechanisms continuously check for anomalies such as timing violations, incorrect outputs, or 

hardware failures. 

The backup CLA unit operates in parallel with the primary unit but remains inactive under 

normal conditions to conserve power and resources. Upon detection of a fault in the primary 

unit, the backup unit is activated and takes over the addition operation. This transition is 

designed to be seamless, with minimal disruption to the ongoing computations. 

To facilitate smooth switching between the primary and backup units, synchronization circuits 

are employed. These circuits ensure that both units operate in harmony, with consistent timing 

and data flow. Additionally, control logic is implemented to manage the activation and 

deactivation of the backup unit based on the health status of the primary unit. 

The integration of Hot Standby Topology into the CLA design introduces several benefits. First, 

it enhances fault tolerance by providing a mechanism for automatic recovery from faults. 

Second, it reduces downtime, as the system can continue operation without manual 

intervention. Third, it improves system reliability and availability, making it suitable for critical 

applications where continuous operation is essential. 

However, the proposed design also presents challenges. The implementation of fault detection 

and recovery mechanisms introduces additional complexity and overhead. Ensuring seamless 

operation between the primary and backup units requires careful design of synchronization and 

control circuits. Moreover, the area and power consumption of the system may increase due to 

the inclusion of redundant components. 

Despite these challenges, the proposed self-repairing CLA with Hot Standby Topology offers 

a promising solution to enhance the reliability of digital systems. Through simulations and 

analysis, the effectiveness of the design can be evaluated, providing insights into its viability 

for real-world applications. 

V. RESULTS 
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SELF REPAIRING CLA (With error) 

This figure illustrates the behaviour of the self-repairing Carry Look-Ahead Adder (CLA) when 

a fault is detected in the primary adder block. The system automatically identifies the error 

condition using the integrated error detection logic and initiates a switch to the hot standby 

backup unit. This transition is handled seamlessly, ensuring that the output remains unaffected 

and computation continues without delay. The error signal triggers a control logic mechanism 

that redirects the data flow, demonstrating the system’s fault tolerance and self-recovery 

capability in real-time scenarios. 

 
 

SELF REPAIRING CLA (Without error) 
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In contrast to the previous figure, this illustration shows the normal operating condition of the 

self-repairing CLA when no faults are detected. The primary CLA unit processes the input 

without invoking the standby path. This demonstrates the architecture’s efficiency during fault-

free operations, where the system consumes minimum resources, and the backup unit remains 

in a dormant state. The figure verifies that under standard conditions, the proposed system 

performs identically to a conventional CLA with no performance degradation. 

 

 
 

CARRY LOOK AHEAD ADDER. 

Here, the traditional CLA architecture is illustrated, highlighting the propagate and 

generate logic that allows for faster carry calculation compared to ripple-carry adders. 

This figure lays the foundation for understanding how the self-repairing version 

enhances this architecture by adding fault detection and backup features. It illustrates 

the inherent advantages of CLA in achieving high-speed operations, which are critical 

for integration into MAC units. 
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        MULTIPLY AND ACCUMULATE UNIT. 

 

 
 

REGISTER. 

The register block stores intermediate and final results during MAC operations. This figure 

illustrates how the register interfaces with both the multiplier and CLA stages, ensuring 

synchronous data flow. In the fault-tolerant system, registers also play a role in holding outputs 

during switching events between the primary and backup CLA. Their design supports clock 
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gating and efficient memory usage, aiding in the overall performance and stability of the 

architecture. 

CONCLUSION 

The integration of self-repairing mechanisms into Carry Look-Ahead Adders through Hot 

Standby Topology represents a significant advancement in enhancing the reliability and fault 

tolerance of digital systems . By incorporating a backup unit that automatically takes over in 

case of failure, the proposed self-repairing CLA design addresses the critical need for fault 

tolerance in high-performance systems. This approach ensures that arithmetic operations can 

continue without interruption, which is essential in environments where downtime can result 

in substantial performance degradation or system failure. The self-repairing CLA design with 

Hot Standby Topology not only improves fault tolerance but also minimizes maintenance 

overhead, as it eliminates the need for manual intervention in the event of faults. This is 

particularly beneficial in applications that require high availability and continuous operation, 

such as embedded systems, automotive electronics, aerospace applications, and high-

performance computing. Moreover, the design introduces minimal disruption to the system 

during fault recovery, ensuring that the transition between the primary and backup units is 

seamless. This enhances the overall reliability and availability of the system, which is a 

significant advantage over traditional fault-tolerant techniques that often introduce 

considerable latency or require complex error-handling protocols. 
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