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Abstract: - To implement long and repetitive multiplications of cryptographic and signal processing algorithm
we often adopt residue number system. In this paper a new low power and low modulo multiplier foe well
established {2"-1,2",2"+1} based is proposed .Radix-8 Booth encoding technique is used in the proposed
modulo 2"-1 and modulo 2"+1 multipliers. In the proposed modulo 2"-1 multiplier, the number of partial
products is lowered to [n/3]+1. For modulo 2"+1 multiplication ,the aggregate bias due to the hard multiple and
the modulo reduced partial product generation is composed of multiplier dependent dynamic bias and
multiplier-independent static bias .In the proposed modulo 2"+1 multiplier , the number of partial products is
lowered to n/3+6 .For different modulo 2"-1 and modulo 2"+1 multiplier our proposed modulo multiplier
consumes less area and has minimum power dissipation over radix-4 Booth encoded and non-encoded modulo
multiplier.

Keywords: - Booth algorithm, multiplication, residue number system (RNS).

. INTRODUCTION

Residue Number System (RNS) is adopted in high speed digital signal processors and cryptographic
application. RNS is defined by a set of co-prime moduli and is represented as non-positional number
representation .The residue of modulo is represented as P=XoY is (p1l,p2,--pn)=(jx1oyl|L1,|x20y2|L2----------
[xnoyn|Ln) ,where pi is computed from xi and yi in the modulo channel corresponding to Li for i=1,2...,N. In
any operation carry is generated and carry chain slows down the VLWL (Very Long Word Length).The addition
and multiplication is effectively broken in RNS ,into smaller digits so that carry chain can be avoided. The main
barrier in implementing VLWL arithmetic is with limited space and constrained battery specification, so that it
can used for smart cards and Radio Frequency Identification (RFID) tags.

RNS are especially useful in algorithms where multiplication and addition dominate .It distributes a
long integer multiplication into several shorter and independent modulo .So arithmetic circuits required for
digits are smaller and faster. As RNS is most suited for applications involving repetitive computations like
repeated modulo multiplications in cryptographic algorithm and multiply-add operations in signal processing
algorithm, the research emphasis has shifted markedly in recent years to the area-power efficient
implementation of concurrent modulo arithmetic operations in RNS.

In this paper, we propose a new radix-8 Booth encoded modulo 2"-1 multiplier and radix-8 Booth
encoded modulo 2"+1 multiplier. Our objective is to minimize the area and power consumption of VLWL
multiplication in RNS based on moduli 2"-1 and 2"+1. Both the proposed modulo hard multiple generators
(HMGs) employ only prefix levels and are by far the most area-delay-power efficient customized adders for
this application. In the proposed modulo multiplier, one partial product per radix-8 Booth encoded multiplier
digit is generated. As the hard multiple is generated in an unbiased form, no further correction term is incurred.
Thus, the number of modulo-reduced partial products in modulo multiplier is lowered , which is the best
achievable partial product count using radix-8 Booth encoding scheme. So the hardware’s required for
implementing the proposed multiplier modulo 2"-1 and modulo 2"+1 is less due to which we can minimize size
of the multiplier block.
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1. MODULO-REDUCED PARTIAL PRODUCTS FOR RADIX-8 BOOTH ENCODED
MULTIPLICATION

This section presents the preliminaries of radix-8 Booth encoded modulo 2"-1 multiplication using
binary representation with dual zeros for modulo 2"+1 arithmetic and diminished-1 representation for modulo
arithmetic. Mathematically, the modulo 2"-1 and modulo 2n+1 multiplications can be expressed.

For modulo 2"-1

Pln=X.Y= Y"1 X.yi 2' if m=2"-1
)
For modulo 2"+1
[Plm= X.Y+X+Y
= Yt X yi 24 X+Y if m=2"+1

where X,Y and P represent multiplicand , multiplier and product respectively By adopting Radix-8 Booth
encoding ,the product can be computed from only n/3+1 modulo reduced partial products
and (1) can be expressed as

for modulo 2"-1

Pl=X.Y= X3 x. di 2* if m=2"1
@)
for modulo 2"+1
Pln = X073 X. di. 2%+X+Y if m=2"+1
can be further simplified to
for modulo 2"-1
Plv= X175, PP if m=2"-1
®)
for modulo 2"+1
Pln= XM3(PPi + ki)+X+Y  ifm=2"+1

1. PROPOSED MODULO AND MODULO HARD MULTIPLE GENERATORS (HMGs)
A . Modulus 2"-1
As is congruent to zero modulo , 2"-1 zero can be represented by an -bit binary string of all zeros or

all ones in modulo 2"-1 arithmetic. Thus, a modulo addition of two operands, A and B is equivalent to an -bit
addition of ,A,B and cout i.e.,

|G+H|2-1.= |G+H|2n if G+H<2"
|G+H+1 if G+H>2"
|G+H+Cout|2n (4)

where C, is the carry output resulting from the addition of G and H . As is added to the sum of G and H at the
position, modulo 2"-1 addition is commonly referred to as end-around-carry (EAC) addition.This modulo 2"-1
adder can be implemented by a parallel-prefix structure with three operator stages, namely pre-processing,
prefix-computation and post-processing . The pre-processing stage computes the generate (gi), propagate(pi) and
half-sum (hi)bits for i=0 to n-1.

gi=ai .bi

pi=ai+b;
hi=a; 4 b; (5)
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The prefix-computation stage uses the prefix operators (¢) on (gi, pi) to calculate the carry bits c; for the EAC
addition. For i=0 to n-1.

C=(g:,p:)@—-—--—(g0.P0) ® (Za-1.Pa-1) ® —-— @ (Zi=1,Pi=1) (6)
where (gi,pi) ® (9;,p;)=(0i+pi-g;.Pi.p)

The modified n/2 generate and propagate bits pairs (g;p;) are required in the prefix computation stage of
modulo 2"-1 is given as

0i=Xn-1(Xot+ Xn-2) for i=0 to n-1
Pi=Xn.1tXo. Xn-2 for i=0 to n-1
hi=X; ©Xi1 for i=0 to n-1 ©)

The post-processing stage computes the sum bit for i=0ton-1 i.e.,

Sizhi &G (8)

I, X775

B. Modulus 2"+1

A modulo 2"+1 addition of two diminished-1 represented operands, and , is equivalent to an -bit addition of
GandH with

|S+1|2n+1= |G+H+]ﬁ1+l
|G+H+ taut,, (8)

where Cqt is the carry output from the addition of G and H . Astut is added to the sum of and at the LSB
position, modulo addition is commonly referred to as complementary-end around- carry (CEAC) addition .The
pre-processing and post-processing stages of the parallel prefix modulo 2"+1 adder are identical to those of the
modulo2"-1 adder but the carry equation is implemented differently in the prefix-computation stage due to
CEAC addition

c=(gi.pi) ¥--—-——- ® (go.po) ® (2a1.Pa1) ¥———o- * (g-1.pi-1)
where (i,pi) ® (9i,Pi)=(Gi+pi-9iPiPy)
(@i. 20 @ (pi Z)=Pr+EiDi .28
(Gi.p) @ (95, )= (9i+Pi-g;-Pi,P)(Pi+i P;0:-0)

©)
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The modified prefix operator for modulo 2"+1 (g;,pi)is given as

g %a1-(X0+Xa2) for i=0 to n-1

PiTEn17X0- Xn2 for i=0 to n-1

hi=Xi % X1 for i=0ton-1 (20)
X7,X6,X5 —_— X0, f7, fé

_,ﬂ____ e e e o SO Sy

00000000

§7 “ee So
Fig 2.Hard multiple generator for modulo 2"+1

V. PROPOSED MODULO 2"-1 AND MODULO 2"+1 MULTIPLIERS

The Booth Encoder (BE) produces a signed digit represented by a sign bit and one-hot encoded
magnitude bits denoted by m1i,m2i,m3i,m4i and from four consecutive multiplier bit. The generation PPi of in
BE, BS and HMG blocks for the moduli 2"+1 and 2"-1. A bank of identical BS blocks is required to generate
a single PPi. Specifically for modulo 2"+1 multiplier, the outputs of the BS blocks at the least-significant 3i bit
positions are inverted to implement the CCLS operation

The modulo-reduced partial product accumulation (MPPA) differs significantly for modulo 2"-1 and
modulo 2"+1 multipliers. For modulo 2"-1 multiplier, the number of modulo-reduced partial products to be
accumulated is n/3+1. Since modulo addition can be efficiently implemented by EAC addition, the CSA for its
MPPA is shown in Fig. 6 for .n=8

Ki-di-Zmwadn  X{=3-1)mnd
Faie2Vuie 1 ¥as 1 V50 P Pai-| B3 amod | Xij-2pmod
' ' " md; m3; m2; ml;
5 " *

|
Rl 1]

5 md; m3, m2;, ml; B

(a) (b)

Fig 3 (a)Booth encoder and (b)Booth selector
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Fig 6.Modulo 2"-1 reduced partial product accumulation
For modulo 2"-1 multiplier, the number of modulo-reduced partial products and biasing constant to be
accumulated is n/3+6. Since modulo addition can be efficiently implemented by CEAC addition, the CSA for its
MPPA is shown in Fig. 7 for .n=8

we need to compute the bias constant that is
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231-0-1

K1= Z"/3 m2; wm3; 2 4m3; wmd,.
KZZZTW ((m; wind) ) PR 23 [rnS; wmdd © s, 292
(EOMPAD MR Wi e

(10)
The final product is given by

Plwi=X s PPi + X + Y + K1+ K2 + K3 (11)
FLUT LTI LT P 3 TR o R R kEakk ] s R Y |
PP PR P SRR A .'I.,i‘JJ.I [ | | EX k2 JI.'l, |
[FA) [FA] [=1] [Fa] [FA] (FX] [FA] [=1 (FA] [FA]
e I i W 3 I O e W i e 1 e 5 8
FA] [~ ] FA FA }-[.-\. [ ||,x] | }1-1., Il 4
FA] [Fa) | ‘ 'll"f’\‘ ]r A

...I..[.. e .}. }

] l‘\ |

FA] [ Fa] | | [

Farallel-prefix modhilo 2%+ 1 adder I
y
-

1le.

Fig 7. Modulo 2"+1 reduced partial product accumulation

V.SIMULATION RESULT
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Fig 8 For Modulo2"-1 multiplier
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VI.PERFORMANCE COMPARISION

2013

The proposed multiplier is synthesized in Xilinx ISE simulator cadence tool to find optimized
area and power dissipation for modulo 2"-1 and modulo 2"+1 .The modulo multipliers is compared

with different modulo multiplier that can be seen below

TABLE 1.Area of modulo 2"-1

N | PROPOSED MULTIPLIER | [2] | [3]
8 1189 1147 | 988
16 4270 4249 | 3921
32 14961 15966 | 15301

TABLE 2 .Power dissipation of modulo 2"-1

N | PROPOSED MULTIPLIER (nW) | [2] (n W) [3](n W)
8 47910.969 61227.246 48260.121
16 29334.151 337299.160 | 316111.870
32 1457361.477 1799592.653 | 1746144.796
TABLE 3. Area of modulo 2"+1
N | PROPOSED MULTIPLIER | [5] [6]
8 2358 1926 | 1710
16 6750 6813 | 6233
32 20745 24810 | 23099
TABLE 4. Power dissipation of modulo 2"+1
N | PROPOSED MULTIPLIER (n W) | [5] (n W) [6](n W)
8 103190.856 104933.202 78377.144
16 478557.460 525754.151 | 446820.961
32 2023247.140 2307567.659 | 2173617.139
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VII.  CONCLUSION

The Optimized modulo 2"-1 and modulo2™+1 multipliers employing radix-8 Booth encoding scheme

were proposed. The hardware cost of hard multiple generation was minimized by customizing the parallel-prefix
modulo 2"-1 and modulo 2"+1 adders for the efficient computation of hard multiples . The area-delay-power
metrics of the proposed modulo multipliers were evaluated and compared against radix-4 Booth encoded and
non-encoded modulo multipliers. the simulation of multiplier is done in Xilinx and synthesis in cadence In RNS
multiplier based on moduli 2"-1 and, 2"+1 the proposed multipliers lower both the implementation area and
the total power dissipation.
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