
Design of approximate reverse carry select adder using RCPA
Rajasekhar Turakaa, Koteswara Rao Bonagirib, Talla Srinivasa Raoc, 
Gundugonti Kishore Kumard, Sudharsan Jayabalane, V. Bharath Sreenivasulu f, 
Asisa Kumar Panigrahye and M. Durga Prakash g

aDepartment of ECE, Nalla Narasimha Reddy Education Society’s Group of Institutions, Hyderabad, India; 
bDepartment of ECE, Marri Laxman Reddy Institute of Technology and Management, Hyderabad, India; 
cDepartment of ECE, Aditya Engineering College, Suramapalem, India; dDepartment of ECE, Velagapudi 
Ramakrishna Siddhartha Engineering College, Kanuru, India; eDepartment of ECE, GokarajuRangaraju 
Institute of Engineering & Technology, Hyderabad, India; fDepartment of ECE, National Institute of 
Technology Warangal, Warangal, India; gDepartment of Electronics and Communication Engineering, SRM 
University-AP, Andhra Pradesh, India

ABSTRACT
An approximate carry select adder (CSLA) with reverse carry propa-
gation (RCSLA) is showed in this work. This RCSLA was designed with 
reverse carry propagate full adder (RCPFA). In RCPFA structure, the 
carry signal propagates in the reverse direction that is from MSB part 
to LSB part, then the carry input has greater importance compared to 
the output carry. Three types of implementations were designed in 
RCPFA based on the design parameters. This method was applied to 
RCA & CSLA to design other types of approximate adders. These 
designs and simulations were done in CADENCE Software tool with 
45 nm COMS technology. The design parameters of the three CSLA 
implementations with RCPFA are compared with the existing CSLA 
adders.
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1. Introduction

Adder circuits are the most basic building blocks in all arithmetic and digital proces-
sing units. Power consumption and propagation delays are the major important 
parameters in the adder blocks. These parameters cannot reduce where we need 
exact results. Whenever we don’t need exact results then we can reduce the power, 
delay and other parameters using approximate adders. This concept is called approx-
imate computing. Using this approximate computing concept several approximate 
adders ware proposed. In that adders many methods to approximate the sum or carry. 
In normal adder carry was propagated in forward direction. In forward carry propaga-
tion, errors may occur due to the timing the timing violation and any other reasons, 
this error weight was increased in MSB part. Based on the problems in forward carry 
propagation approximate adders, a concept of reverse carry propagation was pro-
posed. In that structure the carry propagates in reverse direction from MSB part to LSB 
part. Then the weight of the propagated carry was reduced by multiple of 2 because it 
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propagates in reverse direction. Due to this reason carry input of the adder block has 
greater importance compared to output carry of the adder block. So Reverse carry 
propagation reduces the error weight while it propagates to LSB parts (Moreau et al., 
2015).

In RCPFA structure, three type of approximate adders were designed based on the 
delay, power, energy and accuracy. They are RCPFA type-I, type-II & type-III. Depending 
on the weights of the outputs (Si& Ci), a forecasting signal (Fi) was introduced. 
According to the inputs of three adder blocks will decide the output forecasting signal 
(Fi+1).

The key issues faced on these approximate adders were weight of the error, error 
probability reductions and performance can be determined by some error evaluation 
parameters (Zhu et al., 2010).

We mainly concentrate on the different combinations of approximate Reverse carry 
select adders using the three implementations of RCPFA approximate adders. This type of 
approximate adders improves the delay, power, area, and energy compared to other 
approximate adders.

2. Existing methods

There are several existing approximate full adders like Error tolerant adder (ETA), Lower- 
part-OR-adder (LOA), Approximate mirror adder-1 (AMA-1), Approximate XOR/XNOR 
based adder (AXA), Transmission gate-based adder-2 (TGA2), Inexact adder (InXA), Carry 
speculative adder (CSPA), generic accuracy configurable adder (GeAr), Complex mirror 
adders (CMA) and RCPFA. All these approximately full adders are designed by modifying 
either logical level or gate levels (Mahdiani et al., 2010) – (Pashaeifar et al., 2018). Power, 
delay, area and other parameters of RCPFAs compared to other approximate adders 
mentioned above give better results. Also, RCPFA adders relatively less errors than the 
other approximate adders.

2.1 RCPFA Logic

In conventional exact full adder, the inputs are the same weight, but weight of the output 
carry is the twice of the current weight of adder block. The summation and output carry 
results of the exact full adder are generated by using the formula 

Si þ 2Ciþ1 ¼ Ai þ Bi þ Ci (1) 

Where Ai, Bi, Ci are inputs of adder block and Ci+1& Si are the outputs.
In RCPFA structure, the carry will propagate in reverse direction from most significance 

bit position to least significant bit position. The weights of the outputs are same, but carry 
input is twice of the weight of current weight of the adder block. The equation for the 
RCPFA from above equation is 

Si � Ci ¼ Ai þ Bi � 2Ciþ1 (2) 

Based on the Eq. (2) for all input combinations the weights of the outputs (Si& Ci) are the 
set of {-2, −1, 0, 2, 1}. So, another input forecasting signal (Fi) is required to decide the 
outputs (Si& Ci) and output forecasting signal (Fi+1). This output signals, output carry (Ci+1) 
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