
 

Ab
 
Ab
calc
wit
m2 
ord
 
Ke
 

 
1.
 
Ou
pow
ord
num
Dig
Ad

hot
arit
pro
del
ord

this
in w

bac
mo
pro
In 
the
 

1Young R
2Departm

bstract

stract-Residue 
culation. If a on
th large hardwa
in which m is 

der of m2/2, com

eywords: One 

 

Introduc

ur goals in V
wer consump
der to reach th
mber system 
gital Signal P

d-Hoc Network
There is ano

t residue num
thmetic opera
opagation dela
lay equal to on
der of  m2 in w

In [4] we int
s paper a new
which amount
The rest of p

ckground on 
odular subtrac
oposed efficie
section 4, com

e OHR and new

A

Ma

Researchers 
ment of Ele

Number System
ne-hot residue 

are modulo. Bec
the selected m

mpare to origina

Hot, Modular S

ction

VLSI circiut d
ption and to i
hese goals in 
(RNS) is used
Processing, F
ks and other a

other generatio
mber(OHR) 
ations  increas
ay of the desi
ne transisor an

which m is the 
troduced a new

w design for O
t of hardware 
paper is organ

one-hot res
ct circuit is 
nt subtractor 

mparision betw
w design  is sh

An Effic

ansoureh L

and Elites C
ctrical and C

m (RNS) is an
number (OHR)
cause of using b

modulo. In this p
al m2. 

Subtract, Resid

design is to 
ncrease  spee
arithmetic op
d. RNS has a

Fast Fourier 
applications.  
on for RNS w
system. Usin
ses the speed 
ign. A subtrac
nd amount of 
selected mod

w design for O
OHR subtract c

is decreased t
nized as follow
sidue number

introduced. 
in an OHR sy
ween convent
hown. 

 

cient OH

Labafniya

Club, Islam
Computer E

n appropriate sy
) system instea
barrel shifter st
paper a new str

due Number Sys

decrease size
ed of a desig
erations, a res

a great potenti
Transform (F

which named 
ng this system

and decrease
ctor in OHR h
f hardware is i
dulo [1-3]. 
OHR adder an
circuit is prese
to half . 
ws. In section
r system and
In Section 3

ystem is prese
tional subtract

 

 
 
 
 
 
 
 

HR Sub
 
 

1              
 
 

mic Azad Un
Engineering

ystem for arithm
ad of pure resid
tructure in OHR
ructure is intro

stem, Arithmeti

e and 
gn. In 
sidue 
ial in 
FFT), 

one-
m in 
es the 
has a 
in the 

nd in 
ented 

n 2, a 
d its 
3 the 
ented. 
tor in 

2. B
 
A R
mL}.
syste
mod
pres
mL.

A
xL}, 
whic
 
Z= 

 
T

one-
(OH
simp
num
mi li
activ

A
usin

btractor

   Moham

niversity, No
g, Shahid Be

metic operation
due is used, this
R, the subtract c
duced for subtr

ic Operation.  

Backgrou

RNS system is 
 Each natura
em with a set 

d mi, for i =
sented in this 

An arithmetic
Y= {y1, y2, y3

ch ' ' denotes 

X Y and Z=

The performa
-hot system. T

HR) number s
ple and indep

mber system ea
ines, which a
vates its corre
A subtractor 

ng a barrel sh

r Circu

mmad Eshg

orth Tehran
eheshti Univ

ns because of h
s speed is incre
circuit has a ha
ract operation i

und

based on a se
al number is 
of number as
1, 2, L. Rang
system is [0, 

c operation on
3, yL} can be d
add, subtract 

={z1, z2, z3, 

nce of RNS s
This method 
ystem. Circui
pendent to m
ach number in

are numbered 
sponding line
circuit in an 

hifter. It has 

The CSI J
Computer
Vol. 7, N
Pages 48-
Short Pa

it

ghi2 

n Branch, Te
versity, Teh

high speed exe
eased. There is 
ardware comple
in OHR whose 

et of module a
presented in 

s X={x1, x2, x3
ge of numbe
M-1] where 

n two operand
done in RNS 
or multiply op

…, zL} the

systems are im
is called the

its in an OHR
module. In a 
n modulo mi 
from 0 to mi

e.  
OHR system
two inputs w

Journal on 
r Science and E

No. 2 & 4 (b), 20
-50 

aper 

ehran, Iran 
hran, Iran 

cution during t
a problem in O

exity in the orde
hardware is in

as P= {m1, m2
residue num

, xL}, where x
rs which can
M= m1 m2 m3

ds, X={x1, x2,
using Eq. (1)

perations. 

n zi =<xi  

mproved usin
e one-hot resi
R system is f

one-hot resi
is presented w
i-1. Each num

m is implemen
which are cal

Engineering 
009 

their 
OHR 
er of 
n the 

2, … 
mber 
xi=X 
n be 

3 … 

, x3, 
), in 

yi>             
(1)

ng a 
idue 
fast, 
idue 
with 

mber 

nted 
lled, 



M. Labafniya, and M. Eshghi: An Efficient OHR Subtractor Circuit (Short Paper)                                                                                           49 
 
input1 and input2. These two inputs are in modulo m. The 
circuit  subtract input1 from  input 2. In Figure 1 structure of 
subtractor circuit in an OHR system for modulo 5 (m=5) is 
shown . 
 

 

Figure 1. Structure of a subtractor circuit in OHR system for 
modulo 5 
 

Propagation delay for this circuit is equal to propagation 
delay of one transistor. Total number of needed transistors is 
equal to m2. In this design m2 is equal to 25 [5-6]. 

In this paper a new design for OHR subtractor will be 
presented in which amount of needed hardware is about half 
of the conventional one. 
 
3. The Proposed OHR Subtractor 
Circuit 
 
Conventional design for the subtractor in an OHR system has 
the area problem when the selected modulo is big. For 
solving this problem in this section a new design is 
presented. 

Consider that the selected modulo is m. a and b are two 
inputs for modular subtract circuit and c=b-a is its output, all 
less than m (0  a, b, c < mi). 

Figure 2 shows the new design for a subtractor in OHR 
with selected modulo 5(m=5).In this method, a structure 
similar to barrel shifter is used. a and b, as inputs of circuit 
will cause two situation. In situation one, input 1 of the 
multiplexer is selected and one of the transistors on the 
diagonal is 'ON' and its output will appear on the output of 
multiplexor. In situation two, outputs of the entire parallel 
transistors in right side of Figure 2 are inactive; therefore 
input 0 of multiplexer is selected. In this situation one of the 
transistors below diagonal is 'ON'. According to selected 
input of multiplexer, output of this active transistor is 
appeared on the output pins of circuit. 

For example, consider selected modulo is 5, a=00100(in 
OHR) =2(in decimal) and b=00100(in OHR) =2(in decimal) 
are the inputs, and then Output of parallel transistors is 
00100. In this case, zero means high impedance. Therefore 
the input 1 of multiplexer is selected. On the barrel shifter 
just one of the transistors on the diagonal is 'ON' and its 
output is ‘1’. The result is appeared on the output of 
multiplexer, which is equal to 00001(in OHR) =0(in 
decimal). 

For another example consider a=00100(in OHR) =2(in 
decimal) and b=01000(in OHR) =3(in decimal). All outputs 
of parallel transistors are inactive. Input 0 of multiplexer is 
selected. Inputs a and b, set one of the transistors below the 
diagonal to 'ON' and its output is ‘1’. At last c= b-a=0010(in 
OHR) =1(in decimal) is appeared on the output of 
multiplexor.  
 

 
 

Figure 2. The proposed design for an subtractor in OHR for 
m=5 
 

In Figure 3 simulation result of presented circuit in 
Figure 2 is shown. This simulation is done in HSPICE 
(w.2004.09). In this simulation selected modulo is m=5. First 
inputs are a=10000=, b=00100 in OHR which are equal to 
a=4 and b=3 in decimal. As a result of these inputs, v=b-
a=10000 which is equal to v=3-4+5=4 in decimal is appeared 
on output pins. After that, inputs are changed to a=b=01000 
in OHR which is equal to a=b=3 in decimal. Output is 
changed to v=00001 in OHR and 0 in decimal. Other signals 
which are not indicated in Figure 3 are all equal to zero. 
 

 
 

Figure 3. Simulation result of Figure 2. 
 

In the next section, presented design in this section will 
be compared to the traditional design based on the 
propagation delay and amount of needed hardware. 
 
4. Comparison 
 
In this section conventional subtract circuit in OHR is 
compared with the new design proposed in this paper. 
Comparison is presented in two aspects, amount of needed 
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hardware and the propagation delay. 

If the selected modulo is mi, then the number of needed 
transistors in conventional design for the subtractor is mi . In 
the new design proposed in this paper this rate reduced to the 
order of  mi

2/2+ 7 mi /2 , shown in Eq(2) . 
 
(((mi*mi)-mi)/2)+ mi +  Tranmux + mi =  mi

2 /2+ 7 mi /2      (2) 
 

A comparison between number of needed transistors in 
two designs shows that for mi >7, the proposed method in this 
papers needs less hardware than traditional OHR subtractor 
circuit. Figure 4 shows the number of needed transistors in 
two designs versus the modulo values. 
 

 
 

Figure 4. Comparison of needed hardware 
 

The propagation delay in traditional design is equal to 
delay of one transistor and in proposed design is equal to 
delay of two transistors which both of them are small. In 
spite of increasing the propagation delay, decreasing the 
needed hardware is the main contribution of the proposed 
circuit. 
 
5. Conclusion 
 
In this paper, a new design for a subtractor in OHR system 
was proposed. The proposed circuit for the subtractor is 
decreased the amount of hardware to about half, compare to 
conventional OHR subtractor. The propagation delay in the 
new design is increased to two transistors. 
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