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A2STRACT

In this paprr, an implementaticn
gchere involvirg dzrcdels and resicuc
adders has hoor suygyested tu convert ir-
put date in fired 1070w 1cpi1esentatian
to residue reprisertatior, £ mothod
dealing with the reverse process is alsg
demonetrated, A compsriscr has hecn
made with the methods knuuwn hitherto,

IMTRODUCT ION

In Resizuc Numher Systsm, the
orithmetic opurstivns of ecd2ition, eub-
traction and multiplicatior are executed
ir the same period of time without the
noed for interpceiticnal ecorry., But
these advantajes of modular (resicue)
arithmetic are nullified hy the compleo-
xity of the algorithms for division,
sign determination, overflow detsction
ete, UWhan those gpaerations are required
frequently in conjunction with addition,
subtracticr ard multiplication, the use
of modular arithmatic can bo Justified
only if fast means of conversicn into
and vut of the residue representation
are available, In this paper, the pro-
blems uf corverting a number of its fie
xed radix representatior to residus re-
presantation zng vire verss are econsi-
dered, A comparative study has been
carried out with respect to the existing
methods,

RES IDUEL CODE

Consider 3an ordered set of n po-
sitive integers (m1,m2y...,mn) such that

mijy? for ary 141 4n and are relatively

prime to each other, These mi's are ca-

lled moduli and the corresponding orde=-
rzd n-tuple (x1,x?,...,xn of least non-

negative residues of a numher X with res-
pect to the above moduli is called the
resicdue representeation of X, Such 2 re-
presentation of rumbers forms a Residus
Number System (3MS). Since all moduli
are relatively prims, each Xe[o,m),

vhere M = %- mis is uniguely represented
i=1
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in the RNS,

CONYERSION FROM FIXCD RADIX REPRESENTA -
TI0W YO RESIDUE. REFACSENTATIEN

Definition of the Problem

The problem of converting = buss
b integer X (in fixed radix rapresenta—
tion)with respect to the moduli

MysM yeeaym is called 'Input Conversion'
172 *n

or ‘Input Translation! problcm1’3. Sirce
each residue can be computad independens
tly of the other residues, it ia surfi-
cient to consider only the gruh]em of
finding the residue of X yith respect to
one modulus m,

Let the polyromial reprcsents-
tion of X 2s a bass b number be:

Y=ap_1.bp-2+ cae *+ a(_,’
where Oéaiéb, i=0,7,e0eyp=1;3
-1 )
or Xe= pz aiobl .
i=0
p=-1 i
T hen ‘X'm -'EED aj.b ,m?
p=1 i
=|iz=0|aiob ’ml’m,
p=1
=l£ﬁb ci‘m,m’
where c; = ai.bi.

The problem of input conversion
has been considered earlier by Banerjif4,5
He assumes the binary representation of

a digit a; and l2J;bi|m for each i and j,
It is briefly described as folloys,

Lot a; . be the bits in the
4
represgntation of a5,




Kt

ay= >

i=0

a; .;Zj, for some positive

then i3

integer k.
k=1 .y
Then ’cilm= I;ED ai.j.JJ,b |m ’

K1 .
= , o3 i
—’jgol&i,j.“ b Imlm !

k=1
ljgo 95, 5lmlm

o3 1
Foa, Lert b
whare di,g 1,907 .

He suggested that if the [d; .|
were availebls in binary coded form,
‘ci,m could be obtained by usirg a k-
input mod n adder in level 1, The re-
quired residue could ha obtained by
further adding ‘Ci{m in a p-input mod m
adder ir lsvel 2, He also ohssrved that
in a typical case yhen b = 10, ths num=
bar of combirations was sufficiently
small =0 that combhirational logic could
be considered to compute el directly

from the bits of ;e

The Pruposed Scheme

In our schsme, uwe first completely
decode a; (& base b digit of X) by pro-

for each

duecirg bipary signals ; 93
?
9is 0<9;< b such that

iff a, = g, 3

i,9; = O i ® 93

and di = 1 othepuise,

194
Mext we compute the bBinary representa-
tion (Ci,q-‘l' Ci,q_.zybit; Ci,1' Ci,U
of |ci|, by a translation cireuit, which
is assumud to be stored in a registar
of g bits,

Firally, thg lci}m (ir bimary code)
fer 1=0,15404sp=1, ars added in p-irput
mod m adder to get the required residue
of X modulo m, The over«~all schematic
of the irput conversion process discu=-
esed above is shown in figure 1,

Example 1 ¢
Let X = 234, b =10 and m = 17,
Here p = 3, ag = 4, aq = 3 and ap = 2,

To computs {Xl17, we first find
the value of ,00!17, ‘0'1‘17 anz 'C2I17
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Bintiry represantation of
1t

Fig.1

and then add them in 3-input mod 17 adden
The computation of Jc1[17 and ]62]17 in

binary code is shoun ir Tables 1 and 2
raspectively, Herem = 17 b = 10, eg

legl17 = [ 3glq7 = 3, »

Binzry [c1/1q =|Binary represertaticn
signals ‘ ofle
of Joqet0f, |2 %) 17
Degided ch‘acﬁ,‘,5(:,,,21':1’,!%,U ;
:(....‘.»..,»...-_“___.,,. PRI - |
1,0 0 C 0 © 0 o W
B ) !
1:1 10 o 1 © 1 0 !
%, 7 3 o v oo o1 1|
:;1 L3 173 Co1 1 0 1
“fa4 6 0o ¢ 1 1 0
1,5 7 10 6 0 0
o, . .
1,6 9 6 1 0 o 1
I~*4
147 2 P00 o1
(=4
1,8 12 o 1 1 0 0
%,9 5 00 1 o 1
Table 1




Table 2

Binary [[c,[4 = |Binary representation
z;gnals |92°1Uyy7 of Sy 17

Degoded 02’402’3c?’2c?,102’0

2

2,0 o T 0 0 0 o
2,1 15 o 1 1 1 1
2,2 13 o 1 1 0o 1
%,3 11 g 1 o 1 1
%, 9 o 1 6 o 1
%,5 7 c 0o 1 1 1
“,6 5 C o 1 G 1
2,7 3 o o o 1 1
“,8 1 C o o o 1
“,9 16 1 6 0 0 O

Now we design & translation cir-
cuit whose input is the decoded values
of a; and output is the binary repre-~

sentatior of |Ci,17’ i=1,2 Ue get

the following Boolean squations for this
translation, For i = 1 (refer Table 1
we get

e1,07(%,0°%,1°%, 42,599, 7%, 8)
01,174, 6°%4,3°%,5°%9,6%,6°°%, 9
cy,2€%,0°%,1°%,2°%,5°°%,6°%4, 7
€4 ,3=(°<1,0‘°<1 ,2'°<1 ,zz"°<1 ,5'“1 ,7'“1 ,9)

=< [ (28 < ol o
01,4705 007,175,229 3% 0o 6

X i .
1,7%49,8°%4,973

and for i = 2 (refer Table 2), uwe get

=(X .
€2,0 ( 2,0“’3,9)'

=X . o K
€p,1¢ 2,0'°(2,2'”<2,4'°<2,e' 2,8° 2,9’

(o o oK e K
C2,2 ( 2,0°2,3°72,4° 2,7° 2,8° 2,9)

¢ ¢ R
02,

=(X ol -4
€2,3 ( 2,0° 2,5* 2,6 7 2,6° ?_,9)

4

o(X X X o
©5,47(%,62%%2,1°%%, 2* °2,3°%%, 4*°%2

£~

o o
2,6 2,7""2,8)'

The functional arrangements for the come
putatior of ]c1|17 in its binary repre-

sentations (c1,4, C1,30 9,00 O 43 cq,d
is shown in Figs. 2, Similarly [c2117

)5t
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Fige @ Translation circuit tor computing Ic,|,;

can be computed,

We use semiconducteor logic gates
in the decoders of the above design, It
is also assumed that the decoders produce
a 'Low' on the selected output line and
a "Hogh'! on all the others.

CONVERSION FROM RESIDUE REPRESENTATIONM
TC FIXED RADIX REPRESENYATICON

Here we consider the output conver-
sion problem, i,c., the conversion of a
number X from its residue representation
Xq9%XprseeyX ) with respect to the moduli

MaoMosecesm to its fixed radix represem

n
tation or a base b representatior, This
problem was also considered earlier by

o

fiken and Semon? and BanarjiA’J. The
method proposed by Aiken and Semon is
based on computing an auxiliary function
A(X)., The computation of A{X) requires
introdueing 2 redundant modulus (called
tha 'Super modulus'), In addition to
this redundancy, this method requires
more modular operations in general than
those ir tha method suggestod by Banerji

and Brzozouskis. Thg latter method is
based on the standard algorithm for conr-
version of an integar from one base to




another3 and requires only the residue
arithmetic operations,

Description of the Proposed Method

Our method is alsc based on the
standard algorithm for conversion of an
integer from one base to angther. It
requires less number of Basg Extsnsion
Operations (BEC) as compared to those
required for the method suggested by

but with an in-
The ma=

Banegrji and Brzozouski
rrease in harduars complexity,
thod is described as folloys:

Consider the ANS of n pairwise re-

latively prime moduli m1,m2,..._mn and

let X be any integer in the range,

0 &XamM, yhere M =1 m;+ We want to con-
i=1

vert X €= (xgs%y5e00,x ) into fixed

radix representation (base b representa-

tion). ‘

p-1 i
NOU X = z ai.h' .
i=0

L=y {
Then|X| o=l T a;.b"|pt, 12tap;
b* "i=g

t-1
= fgg ai-b .

1t is assumed that all the residuss
are binary coded, Thg binary represen-
tation of the lgast significant 't' base
b digits (leht§ is obtained by using

the BEGS,

Now let, p=1 ‘L
Z ai.bl t (1)

X=| X{
X(1)= _—T)‘{Jﬁ ==t

Pt i-t
T X(1)] o= ob*
hen  [X( Ay [izi a;.b {bt ,

2t -1
= X

i=t

a..hl_t
1 .

Use the BEG on the residuss of X(1)
(obtained from eguation (1)) to compute
the binary representation of }X(1)Ibt.

In general,

X(5=1) ~ [x(3-1)]
X(j) = bEI —bt ’

for j = 1)29-t-|LEf%jahd X(U) = X,
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(j+1)et=1 -

. -jet

Then [X(3)] .= a, i3t
| bt iZ§.t i
Ye see that the computation of

lx!bt gives tha binary representation of

't' least significant digits of X, the
computation of 1X(1)l t 9ives the binary

reprasentation of next least significant
't! base b digits of X and so on. Thus
we get the sets of 't' base b digits of
X (in binary coda§ which can bg cerverted
simultanecusly to base b repressntatign

by combinational logic,

The computation of thg base b
digits from (x1,x2,...,xn) depends upon

the relationship betusen bt and the moduli

MysMoseeesm &5 suggested by Banerjia.

COMPARISON OF EONVERS ION SCHEMES

In this section, we compare the
proposed schemes for conversion into and
out of residue representation with the
existing ones,

Comparison of Input Conversion

Let T be the time required to
computea [Xim, where X is a p-digit base b

Let T1
compute }ci]m and T, be the time required
to add all

number, be the time required to

‘ci,m’i = 0,1 ’2,:..7,')_1.

Then T =Teg +T,..

L 2

If we use only one residus adder for one
modulus, then

T=g + (p--1).'ta - using table look up
for (S m?
using combinational
logic for computing

lcilm’

*®
T=(p.riogq E] -1)¢a ~ using the method
- prodosed by

T=24+ (p-1).ta-

Banerji~,
T=A+ (p-1).'ta ~ using the proposed
scheme,
Whers ta denotas the tims for ong addition

cycle, o is the read only memory cycls
time, A is the time reguired to deccde &
base b digit andAis a single gate delay.

* I11 denotes the ceiling of I, i.e.,
smallest integer I,




To get clear idea about the magni- digits. Excluding j1 moduli whose pro-

tude of T, considerAc’= 4Otn5: £§=(1DA”§' duct is less than bt, the next t least
B =10 ard p = 6, Rssume t, = 34 {adder significant digits are computed as sugg-
of the method proposed by Banerji~, assu- ested sarlier, The number of rodular
ming 2 simgle level cdecode logic), Let operations required are 2(n-j,)+1.
A=A =10 ns, Similarly let j 1 be those moduli
up--)/t t
Then whose product is less than b” at the time
T o + (9'1)‘ta= 0.19 us, - using table of computing the last 't1' base be digits,
lock up for |egl where t;&t. Su the total number of
T= 2A+ (p~1).t)= 0417 usy - using combi- modular operations reguired to compute
@ national legic for p digite ars
mput i c,
computing Jc.f . Gy=2n+2(n=34)+ee.+2(n-j L(p-1)/tl)+
T= (p. [log,b)-1) .t =C,69 us, ~ using the 2 o1/t 12+ [(p=t/t]+1
r 2-| “ method prcgosed e/} L /-‘ ! )
by Sarzrii = ] -1 =2(3.+3 j
y et ] Y R CRE R T )
T=A+ (p—1).ta= 0.16 4Us. - using the
proposed schemes Sp-wt] +1.
Table 3 shows the number of modular
Ye see that T depends on the number of operaticns for different values of t,
residue adders ucec, in the case whan p = 8, n = 11 and b =10,
If ue aseumn a decoder of single Rssume J; = 1.t, 1 = 1,2,..4,|(p-1)/t],

Qate delay, then our scheme turns out
to be faster than the others,

The numher of gates required fur Then ”
computing ]cilm,iz 0 is the samp as the g 2x11 x8 -2 ( 3 i) + 24-2,
nurher c¢f gates rsquired in the decoder i=1
to decode a baee b digit a;.

and ki = i, is= 1,2,o'¢,p’10

]

fl

176=56+22 = 142,

Comparison of Output Conversion

Let G and G be ths number of
modular operaticns required by the
method suggested by Banerji? and the Value of ©
Pethed presented here respectively,
Now X be represented in base b repre-

Table 3

Number of modular
operations Gt

sgntation by p digits, The wwmber ¢f % 7f
modular eperations rzguirsd to rompute 4 26
a, are ?2nt1, Further, 2 modular opera- 5 18
rations are requirsd to compute “.;w. 6 36

7 34

Hence the total number of mocular cpera-
tions are

Cm2re2{neiy S, 2Anet. e 3. We observe from the Tnbls 3 that
A p-idT TPTE for t = 2 and 3 the reduction in the
] number of modular operations is maximum,
p=
= D= D - We also see that the modular
2n.p=2( iE% kKi/s * 3p-2, operations for t = 2 {or 3) are reduced
to nearly (or less than) half of those
whare ki are the number of the moduld required by the method suggested by

Banarjia; but the hardware complexity
increases, since the proposed method
requires ar implementation of mod b
modular operations required to compute subtractors and multipliers whersas his
43 digit ere 2(n-k;)+1, method requires an implemsntation of

mod b subtractors and multipliers., Thus
the proposed method certainly increasss
the speed of cutput conversion process
but at the same time increasss the hard-
ware complexity,

vheso produst is lzos tharo b at the tiie
nf computing 4; digit, The number of

In the proposad methou, {(zn+i)
fodular o© eragions are reguired to
tompute vE lgast significant digits,
Note that the residuss are crnecgded in
thg binary code. So we obtain the bi-
Pary cods of 't! least significant
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