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ABSTRACT 

In this, we proposed improved area - efficient weighted modulo 2n+1 adder. This is achieved by modifying 
existing diminished-1, weighted modulo 2n + 1 adder to incorporate simple correction schemes .Proposed adder is designed 
using area efficient parallel prefix structure and carry select adder. Proposed adder can produce modulo sums within the 
range (0, 2n) that is more than the range (0, 2n-1) produced in existing diminished-1 modulo 2n+1 adders. Modular  adder is 
designed using verilog HDL and implemented using 45 nm technology and the area required by the proposed adder is 
lesser than the existing diminished-1,weighted modulo 2n+1 adder. 
 
Keywords: modulo 2n+1 adder, residue number system, VLSI design. 
 
INTRODUCTION 

For efficient carry free arithmetic computation, 
Residue number system has been employed in DSP 
applications as the computation for each residue channel 
can be independently done without carry propagation. As 
compared to binary based system, RNS based system can 
achieve higher speed-up. Thats why RNS based system are 
widely used in DSP application, FIR filter and 
communication components. 

Arithmetic modulo 2n+1 adder is the common 
RNS operation in pseudorandom number generation and 
cryptography. The moduli 2n+1 is the commonly used 
moduli. There are many existing methods to speed up the 
weighted modulo 2n+1 addition. Depending on 
input/output data representation this methods are classified 
into two categories namely dimished-1 and weighted. 

In Diminished-1, each input and output operand 
is decreased by 1 as compared to weighted one. Therefore, 
in diminished-1 modulo adder only n-bit operands are 
needed that leads to faster and smaller component. 
However this incurs an overhead due to translator from/to 
binary weighted system. On the other hand in weighed 
modulo adder, (n+1) bit operands are required that avoids 
the use of translator but leads to more area as compared to 
diminished-1 modulo adder. 

The general operations for modulo 2n+1 addition 
are discussed in [13]. The authors proposed efficient 
parallel prefix adders for diminished-1 modulo 2n +1 
addition in [3] and [4]. For improvement of area-time and 
time-power products, circular carry selection scheme was 
used for final modulo addition [3, 4]. However the 
hardware for decreasing or increasing the inputs/outputs 
by 1 is omitted in the literature. There is the need of zero 
detection circuit also as the value zero is not allowed in the 
diminished-1 modulo 2n+1 addition. This leads to the 
increase in the hardware cost. 

In [1], a unified approach for weighted and 
diminished-1 modulo 2n+1 addition is proposed. This 
approach is based on making the modulo 2n+1 addition of 
two (n+1)-bit input numbers A and B congruent to 

Y+U+1, where Y and U are two n-bit numbers. Thus to 
perform weighted modulo 2n+1 addition of Y and U any 
diminished -1 modulo adder can be used. In [2], the 
translators are used to decrease the sum of two n-bit inputs 
A and B by 1and then weighted modulo 2n+1 addition is 
performed using diminished-1 adders. 

In this brief ,Improved area efficient weighted 
modulo 2n+1 adder design using diminished-1 adder with  
simple correction schemes is proposed and is modified for 
more area efficient using Sklansky carry select adder (SK 
CSLA). 

The rest of the brief is organised as follows.In 
section II Background of adders is given. In section III, 
review of design of two previous weighted modulo 2n+1 
adder is presented. Proposed area efficient weighted 
modulo 2n+1 adder is presented in section IV. In section V 
synthesis result and comparisons are given and section VI 
concludes this brief.  
 
Review of two weighted modulo 2n+1 adder 

A and B are two (n+1) bit numbers where 0≤A, 
B≤2n, the values of diminished-1 of A and B are denoted 
by A*=A-1 and B*=B-1 respectively. The diminished-1 
sum can be computed as  
 
S*=|S-1|2n

+1=|A+B-1|2n
+1=|A*+B*|2n+ (~cout)                 (1) 

 
Where |X|z is defined as modulo Z of X and (~ cout) is 
defined as the inverted end around carry of diminished-1 
modulo 2n+1 adder. 
 
Vergos and efstathiou [1] 

In [1], first computation of the congruent modulo 
sum of A+B is done to produce Y and U and then final 
modulo sum is computed by any diminished-1 modulo 
adder as follows. Suppose A and B are two (n+1)-bit input 
numbers. i.e. 
A = an an-1, . . . , a0 = an × 2n + An and B = bn bn-1, . . . , b0 = 
bn × 2n + Bn, where 0 ≤ A,B ≤ 2n, and An and Bn are two n-
bit numbers; then 
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|A + B|2n
+1 = ||An + Bn + D + 1|2n

+1 + 1| 2n
+1  

=|Y + U + 1|2n
+1                                                                (2) 

 

In (2), D = 2n − 4 + 2(~c n+1) + (~ sn), which is equal to 
1111. . . ~c n+1 ~sn, 
 

where  
c n+1 = an • bn  and sn = an ^ bn   is the bit of D with binary 
weights 21 and 20, respectively. The first step of (2) 
calculates modulo 2n+1 carry save addition, giving the 
sum vector U and carry vector where Y = yn−2 yn−3. . . y0 

(~y n−1) and U = u n−1 u n−2. . . u0. Y and U are produced by 
adding An, Bn and D respectively. The values of D with 
binary weights of 22 through 2n−1 are all 1; therefore, 
adders to produce the carries and sums are designed using 
OR and XNOR gates for every bit position directly. In the 
bits of D with binary weights 21 and 20, the adders should 
be modified to accept the values (~sn) and (~cn+1), 
respectively. 
 
Vergos and bakalis [2] 

In [2] the sum of the two n-bit inputs A and B is 
subtracted by 1 to produce the diminished-1 values A’ and 
B’ and modulo 2n sum of A and B can be computed by any 
diminished-1 architecture, as follows: 
 
||A + B|2n

+1| 2n = |A’+ B’|2n + ~cout.                                  (3) 
 

The value (~cout) is the inverted end-around 
carry produced by A’+ B’. The architecture proposed in 
[1] makes use of a constant time operator, which is formed 
by the use of  simplified carry-save adder stage, leading to 
efficient modulo 2n + 1 adders. The architecture proposed 
in [2] can be applied in the design of area-efficient residue 
generators and multioperand modulo adders.  

However in [1], the values that are subtracted by 
the inputs A and B are not constants. In [2], the way to 
implement the translator for decreasing the sum of two 
inputs A and B by 1 was not mentioned. Further, in [2], 
the ranges of two inputs A and B are less than the one 
proposed in [1] (i.e., {0, 2n - 1} versus {0, 2n}). To provide 
remedy on these problems, area-efficient weighted modulo 
2n+1 adder design using parallel prefix structure and 
sklansky carry select adder is proposed in the section 4. 
 
Background 
 
RNS and modular addition 

RNS is defined as group of co-prime modular 
radixes {m1, m2...mN} where N>1GCD (mi,mj) =1 i≠j i, 
j=1, 2...N. The integer X in {0, M} can be represented 
with respect to the modulus mi that is {x1, x2.....xN}. Let a1 

a2.....aN, b1 b2......bn and c1 c2.........cn be the RNS 
representation of integers.According to Gaussian modular 
algorithms, if ci=|ai∆bi|m we can get C=|A∆B|M where “∆” 
represent subtraction, addition and multiplication. A, B 
and C are in the range [0, M]. For integers A and B in the 
range of [0, m] modulo m addition is defined as  
C=|A+B|m =A+B A+B<m 
A+B-m     A+B>m 

If C=|A+B|m and the bit width of the modular 
adder is n-bit, where n= [log2m]. [1] 

 
Parallel prefix adders 

Parallel prefix adders are obtained from carry 
look ahead structure. Tree Structure form is used to 
increase the speed of arithmetic operation. Parallel prefix 
adders are fastest adders and are used for high 
performance. 
Parallel prefix adder involves three stages: 
a) Pre processing 
b) Carry generation 
c) Post processing 
 
Pre- processing stage 

In this, the signals are computed, generated and 
propagate to each pair of input U and Y. This signals are 
given by 
Pi=Ui ^Yi 
Gi= Ui and Yi  
 
Carry generation network 

In this stage carries are computed corresponding 
to each bit. Execution of these operations is carried out in 
parallel. After the carries are computed in parallel they are 
segmented into smaller groups. Carry generate and 
propagate are used as intermediate signals which are given 
by 
 

Pi:j=Pi:k+1 and Pk:j 
Gi:j=Gi:k+1 or (Pik+1 and Gk:j)  
 
Post processing 

This is the final step to calculate summation of 
input bits.sum bits are calculated as: 
Ci-1 = (Pi and Cin) or Gi 

Si= Pi   xor Ci-1   [5] 
 
Proposed improved area - efficient weighted modulo 
2n+1 adder 

Instead of subtracting the sum of A and B by D, 
which is not a constant as proposed in [1], the constant 
value - (2n + 1) is used which is to be added by the sum of 
A and B. The two inputs A and B are in the range {0, 2n}, 
which is 1 more than {0, 2n - 1} as proposed in [2]. In the 
following, the designs of proposed weighted modulo 2n + 
1 adder is presented. 

Given two (n + 1)-bit inputs A = an an−1, . . . , a0 
and B = bn b n−1, . . . , b0, where 0 ≤ A,B ≤ 2n. The 
weighted modulo 2n + 1 of A + B can be represented as 
follows: 
 

|A + B|2n
+1 = A + B − (2n + 1), if (A + B) > 2n 

A + B, otherwise.                                                             (4)  
 
Equation (4) can be stated as 

 

|||A+B|2n
+1|2n= |A+B-(2n+1) |2n, if (A+B)>2n 

|A+B-(2n+1) |2n+| (2n+1) |2n, otherwise                             (5) 
This can be expressed as 
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||A+B|2n
+1|2n = |A+B - (2n+1) |2n if (A+B)>2n 

|A+B - (2n+1) |2n + 1, otherwise                                       (6) 
 

From (6), it can be  noted that the value of 
weighted modulo 2n+1 addition can be obtained by first 
subtracting the sum of A and B by 2n+1 and then using 
diminished-1 adder to get the final modulo sum by making 
the inverted end around carry as carry-in. 
The weighted modulo 2n+1 addition of A and B can be 
calculated as follows: 

Denoting U and Y as the sum and carry vector of 
the summation of A, B and - (2n+1) where Y= yn-2 yn-3.... y0 
(~yn-1) and U=un-1 un-2.... u0, the modulo addition can be 
expressed as: 
 
|A+B-(2n+1) |2n = | ∑ (2i * (ai + bi)) +2n-1 * (2an + 2bn 
+2bn+an-1+bn-1) +011....11|2n 
=|∑ (2i * (ai + bi +1)) + 2n-1 *(2an+2bn+an-1+bn-1+1)|2n 

=|∑ (2i * (2y+u)) + 2n-1 *(2an+ 2bn +an-1+ bn-1 +1)|2n                                              
 

For i=0 to n-2, the values of   Ui and Yi can be 
expressed as Ui = ~ (ai ^ bi) and Yi= ai |bi respectively. 
Since Y and U are n bit, the value of yn-1 and un-1 are 
calculated using an, bn, an-1 and bn-1. It should be noted that 
0≤A, B ≤2n, which means if an=an-1=1 or bn=bn-1=1, the 
value of A or B will exceed the range of {0, 2n}. Thus this 
input combinations are not allowed and can be viewed as 
don’t care condition.The truth table for generating yn-1, un-1 

and FIX is given in Table-1. 
The reason for FIX is that the value of yn-1 can be 

equal to 2(e. g an= bn =1 and an-1=bn-1=0) which cannot be 
represented by 1 bit line. Therefore value of yn-1 is set to 1 
and remaining value of carry i.e. 1 is set to FIX. FIX is 
wired -or with the carry out of Y+U (i.e. cout) to be 
inverted end around carry as carry in for diminished -1 
addition. When yn-1=2, FIX=1 otherwise FIX=0. [11] 
 

According to Table I yn-1= (an|bn|an-1|bn-1), un-1 = ~ 
(an-1^bn-1) and FIX = an bn|bnan-1|anbn-1 respectively. 
Proposed weighted modulo 2n+1 addition of A and B is 
equivalent to 
 
||A+B|2n

+1|2n = |A+B-(2n + 1) |2n= |Y+U|2n + ~ (cout | FIX).  (7) 
 

Examples for proposed weighted modulo 2n+1 
addition are given as follows: 
 
Example-1: suppose n=4, A=1610=100002 and B 
=1510=011112, respectively. 
Step 1) (A+B)-(2n+1) =>Y=11102 U=00002, FIX=1. 
Step 2) Y+U =11102, Cout = 0, => Y+U+ ~ (Cout|FIX) = 
11102 = |16+15|17=1410 
 

The architecture for weighted modulo 2n+1 adder 
based on sklansky parallel prefix structure is shown in 
Figure-1. The signal of FIX can be computed in parallel 
with the translation to Y+U, leading to efficient correction. 
 In Figure-2 Diminished-1 adder based on sklanky 
parallel prefix structure with correction circuits for 

weighted modulo 2n+1 adder is shown. The weighted 
modulo 2n+1 adder is enhanced for more area efficiency 
by designing the diminished -1 adder  using sklansky carry 
select adder (SK CSLA)as shown in Figure-3. In 16- bit sk 
csla shown in Figures 3 2, 3, 4, 5 bit sklansky parallel 
prefix structure are used for carry in 0 and output of this is 
fed to add one circuit which is used to increment the 
output of 2, 3, 4, 5 bit sklansky structure by 1. The final 
carry out is computed by selecting the carry out of the 2, 3, 
4, 5sklansky and add one circuits independently using 
Mux. [12]. 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 

        
(d) 

 

Figure-1. (a) Architecture of weighted modulo 2n+1 adder 
with the correction scheme. (b) Architecture of the 



                                        VOL. 9, NO. 12, DECEMBER 2014                                                                                                              ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2014 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
2572

translator-(2n+1). (c)Architecture of the correction scheme. (d) Architecture of FAF and FA+, respectively. [11] 
 

 
(a) 

 

 
(b) 

 

  
(c) 

 

Figure-2. (a) Diminished-1 adder based on the sklansky-style parallel prefix structure for weighted modulo 2n+1 adder 
(b) diamond nodes and square node respectively. (c) black operator and white node respectively. [11] 

 
Simulation, synthesis results and comparison 

Verilog structuring hardware description 
language is used to design proposed adder and the existing 
work and are implemented using 45 nm technology. The 
simulated output of 16 bit SK CSLA is shown in Figure-4. 
The values of the area and power for the diminished-1 
adder designed using sklansky and sklansky carry select 
adder are shown in Table-2 and Table-3 respectively. The 
comparison for the various modulo 2n+1 adder is shown in 
Figure-5. The diminished adder based on Sklansky style 

parallel prefix structure and SK CSLA with correction 
circuits for weighted  modulo 2n+1 adder are shown in 
Figure-2(a) and Figure-3 respectively. The square ( ) and 
the diamond ( ) nodes denote the pre-processing and 
post-processing stages of the operands, respectively. The 
black nodes evaluate the prefix operator and the white 
nodes pass the unchanged signal to the next level. The 
detailed information of four nodes is given in Figure-2. 
(b), (c). 
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1:0 SK

3:2 SK

ADD ONE 
CIRCUIT

6:4 SK

ADD ONE 
CIRCUIT

10:7 SK

ADD ONE 
CIRCUIT

15:11 SK

ADD ONE 
CIRCUIT

MUX MUX MUXMUX

cout

U[15:11]  Y[14:10] U[10:7]  Y[9:8] U[6:4]  Y[5:3] U[3:2]  Y[2:1] U[1:0]   (Y[0],~Y[15])

C0

C1C2C3

CORRECTION

a8 b8 a7 b7

FIX

RCA

U[15:0]

RESULT

Y[15:0]

0 0 0 0

1

0

1 1 1

 
 

Figure-3. 16-bit sklansky carry select adder for proposed weighted modulo 2n+1 adder 
where RESULT represents the final modulo addition. 

 
Table-1. Truth table for generating yn-1, un-1 and FIX (*conditions when yn-1=2). 

 

An bn an-1 bn-1 un-1 yn-1 FIX 

0 0 0 0 1 0 0 

0 0 0 1 0 1 0 

0 0 1 0 0 1 0 

0 0 1 1 1 1 0 

0 1 0 0 1 1 0 

0 1 0 1 X X X 

0 1 1 0 0 1* 1 

0 1 1 1 X X X 

1 0 0 0 1 1 0 

1 0 0 1 0 1* 1 

1 0 1 0 X X X 

1 0 1 1 X X X 

1 1 0 0 1 1* 1 

1 1 0 1 X X X 

1 1 1 0 X X X 

1 1 1 1 X X X 

 
Table-2. Area values for various modulo 2n+1 adder (UNITS: um.sq). 

 

Bit 
Sklansky parallel prefix structure 

based modulo 2n+1 adder 
Sklansky carry select adder 
based modulo 2n+1 adder 

8 535.19 521.85 

16 1002.32 707 

32 2001.97 1957 
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Table-3. Power values for various modulo 2n+1 adder (UNITS: nW). 
 

Bit 
Sklansky parallel prefix structure 

based modulo 2n+1 adder 
Sklansky carry select adder 
based modulo 2n+1 adder 

8 242126.280 228460.334 

16 421658.326 189044.352 

32 857017.366 596165.270 

 

 
 

Figure-4. Simulated output for 16 bit SK CSLA. 
 

 
 

Figure-5. Area comparison of modular adder based on 
different adder design. 

CONCLUSIONS 
In this brief an improved area efficient weighted 

modulo 2n+1 adder is proposed. This is achieved by 
modifying existing weighted modulo 2n+1 adder by 
designing the diminished-1 adder used with more area 
efficient sklansky carry select adder. The proposed adders 
can perform weighted modulo 2n+1 addition and produce 
sums within the range {0, 2n}. Synthesis result shows that 
the weighted modulo 2n+1 adder designed using SK CSLA 
can outperform weighted modulo 2n+1 adder designed 
using sklansky adder in terms of area. 
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