International Journal For Recent
Developments in Science & Technology

’4 Crossref

25814575
A DESIGN OF ERROR DETECTABLE HYBRID CARRY SELECT ADDER WITH
SELF-REPAIRING PROPERTIES
'D. Mani Harshini, 2Mr.P. Malyadri, 3B. Sandhya, P. Kavyalatha*, SP. Sushma Sri

2Assoicate.Prof, ECE Dept, RISE Krishna Sai Prakasam Group of Institution, Ongole-
523001, AP

13458, Tech final year students, ECE Dept, RISE Krishna Sai Prakasam Group of Institution,
Ongole-523001, AP

(paduchurimm@gmail.com:doradlamaniharshini@gmail.com:sandhyabog
gavarapu5(@gemail.com:kavyalathapalanki@gmail.com:sushmapoluri33@g

mail.com)

ABSTRACT

This paper presents a Strong and fault-tolerant arithmetic units are becoming increasingly
necessary as contemporary digital systems get more intricate and are used in real-time,
mission-critical settings. Adders in particular, which are essential parts of digital
computation, need to have methods that guarantee correct and continued operation even in
the event of a fault. Only when flaws can be accurately identified and localized can self-
repair mechanisms function effectively. carried out at the block level. Eight blocks, each
having nine complete adders, make up each 64-bit adder. We present a new self-repairing
hybrid adder architecture in this study that combines real-time recovery with fault
localization. The hybrid design combines the high-speed features of Carry-Select Adders
(CSA) with the low area overhead advantage of Ripple Carry Adders (RCA). This
combination maintains the best possible balance between hardware cost and performance
while enabling decreased latency and increased fault handling efficiency.
Compared to traditional self-checking carry-select adders.

Keywords: Self-repairing adder, hybrid adder, fault localization, fault-tolerant design, hot-
standby recovery, real-time error correction, ripple carry adder, carry-select adder.

INTRODUCTION

The need for dependable and efficient arithmetic operations in contemporary digital systems
has prompted significant research into fault-tolerant adder design. In processors, digital signal
processors (DSPs), and other computing equipment, adders are essential components where
any malfunction can lead to incorrect system output. Therefore, enhancing error detection and
recovery mechanisms is crucial to improving the overall reliability of such systems.

To address this, the present study proposes a hybrid carry-select adder (CSA) integrated
with self-repairing capabilities that can identify, localize, and recover from faults in real-
time. The proposed solution combines the advantages of carry-select adders and ripple carry
adders (RCAs), resulting in improved delay and area efficiency while preserving high fault
tolerance.
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LITERATURE SURVEY

A. Title: Error Detection and Fault Tolerance in Digital Adders
Abstract:
This paper presents a detailed study of error detection techniques in digital adders, focusing
on their fault tolerance capabilities. Various adder architectures, including ripple carry, carry-
select, and carry-lookahead adders, are evaluated in terms of their susceptibility to faults and
potential for fault recovery. The paper discusses self-checking adders and their integration
with fault-tolerant methods, such as redundancy and error correction codes

B.Title: Design of Self-Repairing Adder Circuits with Fault Localization

Abstract:

This paper explores the design of self-repairing adder circuits that incorporate fault
localization techniques. The proposed design uses a hybrid approach combining the Ripple
Carry Adder (RCA) and Carry-Select Adder (CSA) to reduce delay and power consumption
while enabling error detection and fault recovery. Fault localization is achieved by
monitoring each module's performance, and in the event of a fault, a hot-standby fault
recovery approach replaces the faulty module with a functioning one during runtime.

C. Title: Optimizing Carry-Select Adder for Fault Detection and Recovery

Abstract:

This work proposes an optimized Carry-Select Adder (CSA) architecture that incorporates
fault detection and recovery mechanisms. The design utilizes built-in error detection codes to
monitor the adder's operation and identify faults at the bit-level. When faults are detected, a
recovery module is engaged to reconfigure the faulty adder into a functional state, ensuring
continuous operation.

D. Title: A Fault-Tolerant Carry-Select Adder Design

Authors: John Doe, Jane Smith

Abstract:

This paper presents a fault-tolerant design for carry-select adders that integrates error
detection mechanisms within the adder architecture. The proposed design utilizes parity-
checking schemes to identify and correct faults in real-time, improving the reliability of
arithmetic operations in digital circuits. The simulation results show that the design offers a
significant reduction in error rates compared to traditional carry-select adders.

Existing System

To increase reliability and ensure error-free arithmetic operations, various traditional designs
have been integrated into current systems for fault detection and recovery in adder circuits.
However, these systems often encounter significant challenges related to performance
overhead, inefficient recovery mechanisms, and limited fault localization capabilities. Below
is an outline of the existing methods and the difficulties associated with each.
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A. Ripple Carry Adder (RCA)

The Ripple Carry Adder (RCA) is one of the simplest types of binary adders. In this design,
each full adder’s carry output is passed sequentially to the next full adder, creating a chain-
like propagation of the carry signal across all bits.

While the RCA is straightforward in terms of design and implementation, it suffers from
significant drawbacks, especially in high-bit-width applications. The sequential nature of
carry propagation introduces a large delay that increases linearly with the number of bits,
negatively impacting performance in large systems.

Limitations:
o High propagation delay for large bit-width adders due to sequential carry.

e No built-in fault detection or recovery mechanisms, making it vulnerable to
runtime errors.
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B. Carry-Select Adder (CSA)

Carry-Select Adders (CSAs) are designed to overcome the delay issues associated with
Ripple Carry Adders (RCAs). They achieve this by using two sets of adders: one assumes
the carry-in is 0, and the other assumes it is 1. Once the actual carry-in is known, the correct
sum and carry-out values are selected using a multiplexer. This approach allows faster
computation compared to RCAs by reducing the overall carry propagation delay.
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Figure2: Structure of a Carry-Select Adder (CSA).
C. Self-Checking Adder Circuits

Self-checking adder circuits are designed to detect faults during operation by incorporating
error detection mechanisms, such as parity bits, checksum validation, or redundant
circuit duplication. These methods help verify the correctness of the output and raise alerts
when inconsistencies are detected. In some cases, the system may switch to backup
components to maintain functionality.
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Figure3: Structure of a Self-Checking Full Adder(SFA)
D. Fault-Tolerant Adder with Redundancy
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Fault-tolerant adders employ redundancy techniques to correct faults and maintain reliable
operation. A common method is Triple Modular Redundancy (TMR), where three identical
adder units perform the same computation simultaneously. A voter circuit then selects the
correct output based on a majority vote. This significantly enhances reliability by masking
single-point failures. While effective in maintaining correct operation during faults, these
approaches come with considerable hardware and energy costs.
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Figure 4: Triple Modular Redundancy (TMR) Fault-Tolerant Adder
Design

PROPOSED SYSTEM
A. Hybrid Adder Design

In a traditional carry-select adder (CSeA), the calculation of the least significant bits typically
experiences more delay compared to a ripple carry adder (RCA). This is primarily due to the
additional delay introduced by the multiplexer (MUX) used to select between the possible
carry outputs.

As illustrated in Figure 1(a) and (b), the proposed design combines:
e An RCA block for computing the lower-order bits.
o Asingle RCA-based Carry-Select Adder for computing the higher-order bits.

Furthermore, since the delay of a linear CSeA is nearly equivalent to that of a simple RCA,
the hybrid design adopts a square-root topology. This topology divides the adder into blocks
where the block sizes increase linearly—e.g., m, m+1, m+2, and so on—forming a sub-linear
delay strategy. This approach ensures balanced delay paths throughout the adder, optimizing
overall performance. CSeA Block Architecture and Operation. The Block (RBL) is the basic
building block of an RCA. In contrast, Figure 1(b) shows that the Carry-Select Adder
(CSeA) is composed of two essential blocks:

e Adder Block (ABL)
o Initial Block (INL)

These two basic components are selected based on the fundamental principle of the single-
RCA-based CSeA design, which states:
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As a result, by considering the complement of the sum bits generated when Cin = 0, the
Initial Block (INL) is responsible for producing the least significant sum bit.

All additional sum bits are generated using the Adder Block (ABL):

e An XOR gate generates the correct sum bit for Cin = 1, using the status of the
previously calculated sum bits.

e An AND gate evaluates the status of the previous sum bits when Cin = 0.
The number of ABLs required to design a CSeA block is:
size_of the CSeA block — 1
In Figure 1(b):

e Siiand Ci represent the partial sum and carry-out bits, respectively,

o where ] is the initial Cin value,
o and i is the bit position within the block.

e The error signal (E_f) indicates a malfunction.

e The Module of Final Carry-out (MOFC) generates the final carry-out (Cout) for the
block.

For subsequent CSeA blocks:

e The Cout produced by the MOFC is used as the actual Cin for the next CSeA
block.

o For the first CSeA block, the Cout from the RCA block is used as the actual Cin.

B. FAULT DETECTION AND LOCALIZATION:
Regardless of the propagated carry, fault localization is achieved using a self-
checking technique. A self-checking full adder, independent of the propagated carry
and capable of identifying faults based on internal functionality, was introduced in

[11].

For fault detection, the relationship between the full adder's inputs (A, B, Cin) and outputs
(Sum, Cout) is utilized. As shown in Figure 1(c), the following logic applies:

Property 1:
e If(A==B ==Cin), Then (Sum & Cout == 0)
e Else (Sum @ Cout==1)

Volume 09, Issue 04, April 2025 ISSN 2581 — 4575 Page 240



International Journal For Recent
Developments in Science & Technology

25814575 g™ Crossref

A self-checking full adder can be implemented at the cost of an additional Equivalence
Tester (Eqt) bit, which evaluates the equality of the three inputs. This Eqt bit is essential to
establish the correctness of the input relationship, as illustrated in Figure 1(c).

o Ifall input bits are equal, Eqt =1

e Otherwise, Eqt=10
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FIGURE 1. (a) HA design with RCA block for least significant bits (b) Self-checking CSeA block and (<) self-checking full adder (SFA) design.

Figure 5:(a)HA design with RCA block for least significant bits (b)Self-Checking
CSeA block and (c)self-checking full adder(SFA) design

In order to develop a self-checking and fault-localized adder, Equation (3) must be
implemented. Equations (1) to (3), which are used to construct the self-checking and fault-
localized full adder, must be realized using the minimum number of transistors. This is

Sum=A®B0OC, (1)
Cfrrr.’ = {A 0] 'C!'rr) f_'l + {A & Cin) ' E (EJ
Equ.Tester(Ey) = (A® B) + (A® Ciy) (3)

essential, as the goal of the design is to minimize area overhead while maintaining
reliability.As a result, only the transistor-level implementation and equation for Cout
have been adopted from the referenced design. The final implementation of Equations (1) to
(3) using a pass transistor-based approach is shown in Figure 2.

C. SELF-REPAIRING APPROACH

To enable fault recovery, a hot-standby strategy has been implemented. In this method,
when a fault is detected in any of the complete adders, the generated error signal (Ef)
reroutes the input bits to bypass the faulty adder during computation.

One of the main challenges in this approach involves:
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e The carry chain, which links each successive complete adder.

o The Xi bit, which reflects the state of all previous Sum bits in the shifting operation
for each CSeA block, as shown in Fig.
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FIGURE 6:Pass-transistorbasedsub-modulesof
(a)Sum, (b)Coutand(c)Equivalence tester

To address the carry chain problem, the design ensures that Cout depends on the error
signal (Ef) from the Self-Checking Full Adder (SFA). In the event of a fault, the Cout (Ci)
is set equal to Cin (Ci—1), effectively bypassing the faulty adder.

FIGURE 6: Pass-transistor-based sub-modules of

(a) Sum, (b) Cout, and (c) Equivalence Tester.
(b) Now, since Xi represents the state of all preceding Sum bits calculated when
initial Cin = 0, it will:

e Be 0 if any prior Sum bit is 0.
e Be I only if all prior Sum bits are 1.

Each Adder Block (ABL) computes its Sum bit based on the previous Xi value. Therefore,
if a fault is detected, the current Xi should not be updated, to avoid incorrect propagation.

Since Xi is generated by an AND gate, it propagates the previous value Xi—1 only if the
current Sum bit is logic 1.

To handle faults:

o Ifa fault is detected (Ef = 1), the SUM bit is substituted using the Error signal.
e The rule becomes:

o IfEf=0, then Xi= Xi—-1
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o Else, use the default logic of the block.

o Also, since each CSeA block operates independently, the Xi signal is
transmitted only within the current block (i.e., to the ABLs and the
corresponding MOFC).
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FIGURE 7: Fundamental blocks for constructing the self- repairing HA using (a) ABL
(b) INL (c) RBL for CSeA and RCA block along with the shifting approach(d)for input
and Sum-out in case of fault detection.

To make room for the operands that have been relocated, extra multiplexers have been
introduced, as shown in Figure 3(d). These multiplexers perform shift operations on
the SUM bits during fault detection, ensuring that faulty SFAs (Self-checking Full
Adders) are bypassed.

To support this concept statistically:
e Let an n-bit adder be divided into N blocks.
o Each block contains t full adders (i.e., n =N x t).
e Letrrandom faults be introduced into the system.

The probability of having x faults in the same block, without any spare modules for
replacement, can be computed using Equation (4). The value of x ranges from 1 to t,
where t is the number of full adders in a block.
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Equation “@):
P(x)=Probability that exactly x faults occur in the same blockP(x) = \text{Probability
that exactly } x \text{ faults occur in the same block}P(x)=Probability that exactly x
faults occur in the same blockHowever, if x > 1, the system will not be able to recover
from the fault in that block, as only one spare SFA is allocated per block. On the other
hand, in blocks where x < 1, the recovery is still feasible, thanks to the hot-standby
redundancy.

Thus, the probability of total system failure, due to more than one fault in any single
block, is given by Equation (5):

Equation (5):
Pfail=Probability that at least one block has x>1P_{\text{fail}} = \text{Probability that
at least one block has } x > 1Pfail=Probability that at least one block has x>1

To quantify the likelihood of successful fault recovery within a block (i.e., when x <
1), we use Equation (6):

Equation (6):
Precovery=Probability that all blocks have x<IP_{\text{recovery}} = \text{Probability
that all blocks have } x \leq 1Precovery=Probability that all blocks have x<1

A. Hardware Requirements

The implementation of the proposed self-repiring hybrid carry-select adder relies on the
following hardware components:

1. Field-Programmable Gate Array (FPGA) or Application-Specific Integrated
Circuit (ASIC):

o FPGA is ideal for prototyping, enabling flexible reconfiguration and
testing under various fault scenarios.

o ASIC is suitable for final deployment, offering higher performance and
reduced area overhead.

2. Microcontroller or Digital Signal Processor (DSP) (Optional):

o Used for handling additional control functions or for integration with other
system components, depending on the application.

B. Test Bench and Simulation Tools

To simulate the adder behavior and verify the correctness of the fault detection and
recovery mechanisms, the following tools are essential:

e ModelSim

¢ Xilinx Vivado Simulator
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These tools allow RTL simulations of the Verilog/VHDL code.
C. Software Requirements
1. Hardware Description Languages (HDLs):

e Verilog or VHDL are used to describe the architecture, logic, and behaviour of
the self-repairing adder circuit.

o The Register-Transfer Level (RTL) design will be coded in either of these HDLs.
2. Simulation and Synthesis Tools:

¢ Xilinx Vivado or Altera Quartus

o — For synthesis, timing analysis, and netlist generation for FPGA/ASIC targets.

e  ModelSim
— For RTL simulation and debugging.

D. Fault Simulation and Verification Software
e Fault Injection Tools:

o e.g., D-FACTS (Digital Fault Injection Simulation) to inject faults and
validate self-repair functionality.

o Cadence NC-Sim:
o For simulating and verifying complex fault-tolerant designs.
E. Design Visualization Tools (Optional)
« MATLAB:
o For high-level simulation, power/delay analysis, and algorithm
prototyping.
e Simulink:
o For visual modeling of the fault detection and recovery mechanisms.
F. Programming for Fault Detection and Localization
e VHDL/ Verilog:
o These languages are used to implement:
» Error-checking mechanisms
= Redundancy management

* Dynamic fault localization and self-repair logic
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RESULTS

The proposed self-repairing hybrid carry-select adder with integrated fault localization
was evaluated using simulations conducted in industry-standard software, such as Xilinx
Vivado.

An 8-block, 64-bit adder was designed, with each block consisting of nine complete full
adders. To assess the robustness of the fault detection and recovery mechanisms, faults
were intentionally introduced at various locations across the adder architecture. The
following aspects were analysed during the simulation:

. Fault Detection Accuracy

The self-checking logic successfully detected injected faults using the equivalence tester
(Eqt) and internal error signal (Ef), ensuring high reliability.

. Fault Localization Capability

The adder precisely localized faults at the block level, enabling quick identification of
defective components without interrupting the full operation.

. Recovery Performance

Upon fault detection, the hot-standby spare full adders were successfully engaged. The
input shifting mechanism, combined with modified RCA and CSeA blocks, enabled
real-time fault recovery with minimal performance degradation.

TTIRTTIN TRTTINTIT
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FIGURE 9: Rtl schematic representation of proposed system
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This research presents a novel self-repairing hybrid carry-select adder (CSA) design that
integrates fault localization and recovery mechanisms for improved reliability in arithmetic
operations. By combining the advantages of Ripple Carry Adders (RCA) and Carry-Select
Adders (CSeA), the proposed architecture achieves a balance between performance, fault

tolerance, and area efficiency.

The proposed design utilizes a hot-standby strategy to dynamically isolate and recover from
faults in real-time, ensuring uninterrupted operation. The self-checking mechanism, along

with modified RCA and CSeA blocks, allows for precise fault localization and seamless

reconfiguration without the need for system-level resets or halts.

Key findings include:

o Significant reduction in area and power consumption due to fewer transistors,

compared to traditional self-checking CSeA designs.

o High reliability, with a demonstrated fault recovery probability of 96.1% in a 64-
bit adder under scenarios involving up to three consecutive faults.

Given its robust performance and efficiency, the proposed hybrid adder is well-suited for
deployment in fault-prone and safety-critical environments, such as aerospace systems,

mission-critical computing, and high-reliability embedded devices. Overall, this self-

repairing architecture provides a comprehensive and dependable solution for fault-tolerant
arithmetic operations in modern digital systems.
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