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Abstract - In this paper, the logic operations involved in conventional carry select adder (CSLA) and binary to excess-1 converter (BEC)-
based and CSLA using common Boolean logic CSLA are analyzed to study the data dependence and to identify redundant logic operations. 
We have observe all the logic operation’s and eliminated all the redundant logic operations those performs a repeated operations like carry 
generation present in the conventional CSLA and proposed a new logic formulation with minimum operations for CSLA. In the proposed 
CSLA, the carry is generating before final sum generation by using carry select (CS), which is different from the conventional approach. So 
that delay has been reduced. CS and generation units’ logic operations are performed by using bit patterns of two anticipating carry words 
and fixed cin bits. An efficient CSLA design is obtained using optimized logic units. The proposed CSLA design involves significantly less 
area and delay than the recently proposed BEC-based CSLA. Due to the small carry-output delay, the proposed CSLA design is a good 
candidate for square-root (SQRT) CSLA. A theoretical estimate shows that the proposed SQRT-CSLA involves nearly 18% less area than 
the BEC-based SQRT-CSLA for 32 bit CSLA , which is best among the existing SQRT-CSLA designs, on average, for different bit-widths. 
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I. INTRODUCTION 
 
There are different types of adders used in digital 
system. For example Ripple Carry Adder (RCA), 
Carry Skip Adder (CSA), Carry Increment Adder 
(CIA), Carry Look Ahead Adder (CLA), Carry Save 
Adder (CSA), Carry Select Adder (CSLA), Carry 
Bypass Adder (CBA) [1]. As in RCA delay has been 
increased as number of bits increased because carry is 
rippled from previous stage to next stage. In Carry 
skip adder it uses skip logic to reduce a delay but 
number of gates required is more so area has been 
increased. Carry increment adder is –constructed by 
using a one RCA and incremental circuit. Power 
required by CIA is less but area and delay is more. In 
carry look ahead adder delay has been reduced by 
reducing the number of gates through which carry 
signal get propogated.in carry save tree three bits 
added parallel at a time and carry is stored in present 
stage and get added with nex bits, so that’s delay has 
been minimum in this scheme. In this paper different 
approaches for Carry select adder are used to reduced 
delay, area andpower. Initially CSLA is formed by 
using two RCA, one for cin=1 and another for cin=0 
but as we have seen in RCA delay is more due to 
propagation of carry bit. Next approach to CSLA is 
replacing one RCA by BEC (binary to excess 1 
convertor) [2]. So numbers of logic operations are 
eliminated because BEC consist of less number of 
gates as compared to RCA. But drawback of using 
BEC is delay is increased. One more technique is 
using common Boolean logic (CBL)[3],[4]. CSLA 
using CBL has minimum logic resources but 
increases CPD which is almost equals to that of RCA. 
We can observe that logic optimization largely 
depends on number of redundant logic operations, 
whereas adder delay is mainly depends on data 
dependence. But in existing designs logic is optimize 
without giving any consideration on data dependency. 
So we made an analysis on logic operations involved 
in RCA and BEC based CSLA to identify data 

dependency. Based on this analysis, we have 
proposed a logic formulation for the CSLA. The main 
change is for carry generation two units CS(carry 
select) and CG(carry generator) are involved. 
 
II. LOGIC FORMULATION 
 
The CSLA unit consist of a two units 1) SCG (sum 
and carry generator) unit and 2) SCS (sum and carry 
selection) unit. The SCG unit consumes more logic 
resources so the design of SCG unit is most 
important. Various logic designs have been suggested 
for efficient design of SCG unit. we made study of 
logic designs of SCG unit using conventional and 
BEC based method [2]. The main objective of this 
study is to observe redundant logic operations and 
data dependence. 

 

 
Fig.1. block diagram of CSLA 
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Fig.2 logic operation of RCA 

 
A. Logic Expressions of the SCG Unit of the 
Conventional CSLA 
As shown in figure 1 the CSLA consist of SCG AND 
SCS unit. In figure 2 internal structure of SCG unit is 
shown. It consists of four units: Half Sum Generation 
(HSG), Half Carry Generation (HCG), Full Sum 
Generation (FSG) and Full Carry Generation (FCG) 
units. Logic expressions for SCG unit using n bit 
conventional CSLA are 
 
s00 (i) =A(i) ⊕ B(i)  c00 (i) = A(i) · B(i)             (1a) 
 
s01 (i) =s00 (i) ⊕ c01 (i − 1)                                (1b) 
 
c01 (i) =c00 (i) + s00 (i) · c01 (i − 1) c0out=c01 (n-1)                   

(1c) 
 
s10 (i) =A(i) ⊕ B(i) c10 (i) = A(i) · B(i)     (2a) 
 
s11 (i) =s10 (i) ⊕ c11 (i − 1)                         (2b)                                       
c11 (i) =c10 (i) + s10 (i) · c11 (i − 1) c1out=c11 (n − 
1)                           (2c) 
 
Where c01 (−1) = 0, c11 (−1) = 1, and 0 ≤ i ≤ n − 1. 
 
As shown in equation (1a)-(1c), and (2a)-(2c) is 
identical. These redundant operations have been 
removed to achieved optimize design of SCG unit. So 
RCA-1 is replaced by using add one circuit [5]. In [2] 
BEC is used for same purpose to replaced RCA-1 in 
CSLA. 

 
Fig.3 structure of BEC based CSLA 

 
B. Logic Expression of the SCG Unit of the BEC-
Based CSLA 
As shown in figure 3 RCA unit generate sum and 
carry bits corresponding to cin=0. The BEC unit takes 
input from RCA unit and generates (n+1) bit excess-1 
code. In BEC output bits most significant bit 
represents cout and remaining n least significant bits 
represent sum [2]. The logic expressions of the BEC 
unit of the n-bit BEC-based CSLA are given as 
s11 (0) =s01 (0) c11 (0) = s01 (0)   (3a) 
s11 (i) =s01 (i) ⊕c11 (i − 1)                                (3b) 
c11 (i) =s01 (i) ・c11 (i − 1)                                (3c) 
c1out =c01 (n − 1) ⊕c11 (n − 1)        (3d) 
for 1 ≤ i ≤ n − 1. 
We can observe that (1a)-(1c) and (3a)-(3d) in BEC 
based CSLA c11 depends only on s01.therefore BEC 
based method increases data dependence. 
 
III. PROPOSED ADDER DESIGN 
 
The proposed CSLA is based on the logic formulation 
given in (4a)–(4g) 
 
s0(i) =A(i) ⊕B(i) c0(i) = A(i) ・B(i)                    (4a) 
 
c01(i) =c01(i − 1) ・s0(i) + c0(i) for _c01(0) = 0 (4b) 
 
c11(i) =c11(i − 1) ・s0(i) + c0(i) for _c11(0) = 1_   
(4c) 
 
c(i) =c01(i) if (cin = 0)                                           (4d) 
 
c(i) =c11(i) if (cin = 1)                (4e) 
 
cout =c(n − 1)                            (4f) 
 
s(0) =s0(0) ⊕cin s(i) = s0(i) ⊕ c(i − 1).               (4g) 
 
The structure of proposed CSLA is shown in figure 3. 
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Fig.4 structure of proposed CSLA 
 
Proposed CSLA as shown in figure 4. It consist of 
one HSG (half sum generation) unit, one CG (carry 
generation) unit, one CS (carry selection) unit and 
one FSG (full sum generation) unit. CG unit consist 
of two sub units one for cin=0 and other for cin=1. 
The HSG unit receives two n bit inputs and generates 
half sum and half carry. CG unit generates carry 
corresponding to 0 and 1 bits and produce final carry 
output. The CS unit selects a final carry from two 
input carry bits depends on cin bit. Cin bit acts as a 
select line because CS unit is formed by using 2:1 
MUX. 

 
IV. SYNTHESIS RESULTS 
 
Regular CSLA 16  bit report 
 

 
 
PROP CSA 16 bit report 
 

 
 
V. PERFORMANCE COMPARISON 
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Table I. Result 
 
 
V. SIMULATION RESULTS 
 
PROP CSA 16 
 

 
 
CONCLUSION 
 
We have study the logic operations involved in 
conventional and BEC based CSLA and identify the 
redundant logic operations. We have eliminated all 
the redundant logic operations which are involved in 
conventional and BEC based CSLA and design a 
proposed CSLA with minimum logic operations. In 
the proposed scheme carry generated before final sum 
calculation by using CS unit. So that final sum does 
not depend on carry bit of previous stage and delay is 
reduced in this way in proposed CSLA. Carry bits 
generated by CS unit follows specific bit pattern, 
which is used for logic optimization of CS unit. So 
that proposed CSLA involve less area and delay as 
compared to conventional CSLA. 
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