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Abstract:

Large numbers of multifaceted arithmetic operation
are used in many digital signal processing (DSP)
relevance. The multiplier reduces within power and
area consumption and plays important role in high
performance of any digital indication processing
system. within this paper, mainly centre of attention
on optimizing and increased performance by
reduction in power consumption in propose of the
fused  Add-Multiply (FAM) operator. This
implements a new technique by straight recoding of
sum two numbers in Modified Booth (MB) form. In
this paper implemented a new and efficient
structured technique by straight recoding of sum of
two numbers by considering existing modified booth
(MB) technique. The new technique is implemented
by three new dissimilar schemes by integrating them
within existing FAM plans. The performance of the
proposed three different schemes gives reduction in
conditions of critical delay, hardware complication
and power utilization while comparing with the
existing AM design.

KEYWORDS: Digital Signal Processing (DSP),
Modified Booth (MB), Add-Multiply (AM) operation

INTRODUCTION

In several design Digital Signal Processing (DSP)
appliance multiplier plays an significant role. The DSP
arrangement uses in modern electronics and make
extensive use of custom accelerators for multimedia,
communication etc,. In the transverse filter, Fast
Fourier transform (FFT), implementation of recursive
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and discrete Fourier transforms, the multiplier is used
in their implementation. The performance of DSP
arrangement is individually precious by propose
concerning the structural design of arithmetic units.

In the ground of arithmetic optimization the recent
research activities have shown that the invent of
arithmetic mechanism combining operations which
share data and which gives significant performance
improvements. Based on the observation that an
addition can often be subsequent to a multiplication.
While introducing the multiply-accumulator (MAC)
and multiply-add (MAD) units leading to high efficient
implementations of DSP algorithms when compared to
the conventional ones, which use only primitive
resources. To optimize the performance of the MAC
operations in reduction of area, critical delay and
power consumption more number of architectures has
been proposed. The most of the DSP applications are
used Add-Multiply (AM) operations when compared
with  MAC/MAD operations. The MAC/MAD
operation performs the multiplication on given inputs
and then the result is given to the adder unit. Simply
multiplication then addition is processed. In case of
Add-Multiply (AM) unit, firstly the inputs are added
and then the output of adder is pushing to the input of
a multiplier. The AM unit increases the significant area
and critical path delay and power consumption of the
circuit when compared with the MAC/MAD unit.
Fusion techniques are employed supported on the
direct recoding of the sum of two numbers into its
modified booth (MB) form to reduce the design of
AM operators. Thus the carry propagate adder of the
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conventional AM design is eliminated resulting in
increases performance of the system. A new signed bit
MB Recoder which transforms redundant binary inputs
to their MB recoding form. A special expansion of the
pre-processing step of the Recoder is needed in order
to handle operands in carry save representation.

In this proposes a two stage Recoder which converts a
number in carry put away form to its MB
representation. The first step transforms the carry save
form of the input number into signed number form
which is after that recoded inside the second phase so
that it matches the form that the MB digits request.
This technique has been used for the design of high
performance flexible coprocessor architectures
targeting the computationally intensive DSP
applications. In the recoding of a redundant input from
its carry keep form to the corresponding borrow set
aside form keeping the critical pathway of
multiplication operation fixed. When compared to the
conventional AM, the direct recoding of the
summation of two numbers during its MB form leads
to more resourceful performance of the Fused Add
Multiply (FAM) component, existing recoding
schemes are based on complex multiplications in bit
level, which are implemented by dedicated circuits at
gate level. In this paper, focuses on efficient design of
FAM operator, targeting the optimization of the
recoding method for direct determining of the MB
form of the sum of two numbers. Specifically in this
propose a new recoding technique which decreases
critical path delay and reduces power consumption.

During conventional design the multiplicand is formed
by adding the inputs A and B, the adder inserts
significant delay and this leads to increases in area,
power consumption and critical delay. In the proposed
design the sum is directly recoded as the MB digit and
improves in power consumption, area and delay in
existing intend. In order to be apply either in signed (
in 2’s complement representation ) or unsigned
numbers, which comprise of odd or even number of
bits the proposed NS-MB algorithm is structured,
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simple and can be easily modified. In this proposed
NSMB approach the three alternative schemes are
analyzed using conventional and signed bit half adders
(HA’s) and Full adders (FA’s) as basic building blocks
for that proposed NSMB algorithm.

The presentation of the planned NS-MB is appraised
by three alternative schemes by comparing with state-
of-the-art recoding techniques. The critical path delay,
power estimation has been used to provide accurate
measurements are estimated regarding various bit-
widths of input numbers. Regarding various bit-widths
of the input numbers, the industrial tools for RTL
synthesis and power estimation have been used to
provide accurate measurements of area utilization,
critical path delay and power dissipation. For large
range of frequencies, the adoption of the proposed
recoding technique delivers optimized solution for
FAM design enabling the targeted operation to be
timing functional. Under the same timing constraints
the proposed FAM design deliver improvements in
both area occupation and power consumption.

The remaining of the paper is organised while in the
coming sections we discuss about motivation and
present technical background for the implementation
of FAM design and the proposed NS-MB recoding
scheme is presented and experimental evaluation are
given and then clearly identifying the advantages of
the proposed NS-MB schemes with respect to critical
delay and power dissipation and last section concludes
the paper.

MOTIVATION AND FUSED AM
IMPLEMENTATION

MOTIVATION

This paper mainly focuses on AM units which realize
the process Z= X. (A+B). The addition operation is
performed on the inputs A and B by using adder and
then input X and the adder output i.e., figure Y=A+B
are determined to a multiplier within charge to acquire
the result (Z) within the conventional design of AM
operator (Fig 1(a)). In order to decrease the delay
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which is occurred due to carry signals propagated
inside the adder a Carry-Look-Ahead (CLA) adder can
be worn which on the other hand add to the area
profession and power indulgence. The union of the
adder and MB programming unit into a solo data path
block represents an optimized design of AM operator.
In the Fused AM operator the direct recoding of the
sum Y=A+B to its MB representation is taken. The
fused Add-Multiply (FAM) parts have just one adder
at the end. As a effect of using one adder at the end
major area investments and significant path delay of
the recoding process is concentrated. In this paper
presented a innovative technique for straight recoding
of two numbers in the MB representation.

X A B X
. l T 1 - Adder-
\Adder / Multiplier

R,

-

Partial Product

Partial Product

MB
ENOODING

Generator | Gienerator i
= =L
. CSL Adder . . CSL Adder / :

RETEOR Z=X.Y=X. (AtB)

(2)
Fig 1. AM operator stand on the (a) existing plan and
(b) Fused propose with direct recoding of the sum of A
and B in its MB representation

Review of the Modified Booth Form:

Modified Booth (MB) is a extensive form used in
multiplication. The MB encoding uses redundant
signed digit radix-4 programming method. The
essential benefit of this method is that it decreases the
amount of partial products by half in multiplication
process comparing to any other radix-2 representation.

Let us judge the multiplication of 2’s complement
statistics X and Y with every number consisting of
n=2k spot. The multiplicand Y can be correspond to in
MB form as
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2hk -2

¥ = (Mn1ln-2- Wibolp.=Mak—1 - 2% T B gy 2
=0
= OB o Yy = TizhyR 28 )
J’j}rﬂ = =2 ¥zj1+ Voj + ¥aja (23

Digits y]MBe {-2,-1,0,+1,+2}, 0< j< k-1,
communicate to the three successive  bits
Y2j+1,Y2jY2j—1 With one bit extend beyond and
allowing for to y_; = 0. the table | shows how the MB
digits are formed by summarizing the MB encoding
technique. Each figure is symbolize by three bits given
name s, one and two. The sign spot (S) represents the
number sign either negative (s=1) or optimistic (s=0).
Signal one representing the complete value of a
numeral is equal to 1 (one=1) or not (one=0). sign two
representing the complete value of a number is equal
to 2 (two=1) or not (two=0). By means of these three
signals (s, one, two) the MB digit (y/'?) is formed
and it’s represented by following equation
y]MB = (—-1)%. [one; + 2.twoj] (3)

Fig 2(a) shows the Boolean equations on which the
implementation of the MB encoding signals is based (

Fig 2(b)).

TABLE |
MODIFIED BOOTH ENCODING TABLE
Binary MB MB Encoding Input Carry
Yo | Yy | Yo i Sign=s, | x l=one, | x2=two, Cuay
0 0 0 0 0 0 0 0
0 0 1 +1 0 1 0 0
0 1 0 +1 0 1 0 0
0 1 1 +2 0 0 1 0
1 0 0 -2 1 0 1 1
1 0 1 -1 1 1 0 1
1 1 0 -1 1 1 0 1
1 1 1 0 1 0 0 0
we oneg, ¥
a1
one; = ¥pi_y B ¥ y o ]’(:[L i
R ME T
two; = Wi B ;) ong Encod
)= Onee @ )08 i) (P
55 = Vajer 5
(=) (b]

Fig. 2. (a) Boolean equations and (b) gate-level
schematic for the implementation of the MB encoding
signals
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FAM Implementation:

The proposed FAM design represented in fig 1 (b)

The multiplier is a parallel one based on the MB
algorithm.

Let us consider X,Y, the term Y= { yn1 Yyn
Dererrerrenns ViYo}rs is prearranged stand on the MB
algorithm and multiply with X= { Xp1 Xn-2.......X1Xo}2’s.
Mutually X and Y consists of n=2k bits and in 2’s
complement form. Equation (4) explains the
production of the k partial commaodities.

PP =Xy = p 2"+ Y pii. 2t (4)

The partial product PP; is generated from i- th bit of
pj; and is stand on the subsequently logical
appearance while fig (3) demonstrate its execution at
gate intensity

pj;i = ((xl- &) sj)/\onej) V(((xi=1 @ s;)Atwo;
()

Py
Fig 3. Creation of the i-th bit P;; of the partial product
PP; meant for the conventional MB multiplier

We consider x.1 =0 and X, = Xn-1 for the working out of
the slightest and most considerable bits of partial
product respectively. The quantity of ensuing
prejudiced products are [n/2] +1=k+1 in case of
n=2k+1. Based on sign conservatory of the preliminary
2’s complement digit the most significant MB digit is
formed.

After generation of partial products they are further
properly weighted throughout a carry select adder
(CSL) and which is prearranged by following equation
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Z = XY =ykipp.2%  (6)
The output of the carry select adder (CSL) gives the
result Z=X.Y as shown in fig 1(b).

Il. NEW SUM TO MODIFIED BOOTH
RECODING TECHNIQUE (NS-MB):

Defining signed bit full adders and half adders for
structured signed Arithmetic

The recoding in this New sum to modified booth
Recoder is recorded by considering the two
consecutive bits of the input A (az , az+1) with two
consecutive bits of the input B (byj, bzj+1) into one MB
digit . As from eq.(2) , the MB digit is formed by
including the three bits. The most considerable of them
is negatively slanted whereas two least considerable of
them have positive weight. Use signed spot calculation
in order to make over the two aforementioned couple
of bits in MB appearance. In this paper presented a set
of bit stage half adders (HA) and Full adders (FA)
considering their inputs and outputs to be signed.
Specifically mention here is in this work developed
two types of signed Half adders which are referred as
HA" and HA™. Tables Il — IV are their truth tables and
their corresponding Boolean equations are represented
in fig (4).

c=p Vg
s=p bq

(a)

HA™

(b)
Fig.4. Structures for signed (a) HA”™ (b) HA™
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The HA" which equipment the relative 2.c-s =p+q TABLE Il
everywhere the sum s is considered negatively signal HA"BASIC OPERATION
(Table 11, Fig 4(a)), by considering that p,q are binary INPUTS OUTPUT OUTPUTS
contribution and c,s are the outputs (the carry and sum P a®) VALUE c() s ()
correspondingly) of a HA". The output gives one of the 0 0 0 0 o

. 0 1 +1 1 1
values { 0, +1,+2}. In table Ill described the dual 1 0 ) N 1
implementation of HA™ which is formed by inversing 1 1 12 1 0

the signs of all inputs and outputs and consequently,
changed the output values to {-2,-1,0}. The relation
2.c-s =-p+g shown in fig 4(b) & table IV is

Output value = 2.c-s = p+q

; " . . TABLE Il
|mpleme_nted by I:A and it shows_ the operation a}nd HA* DUAL OPERATION
schematic of HA™. The result manipulates a negative
(p) and a positive (q) input resulting in the output NPLTS ?}112;_3 OUTFUTS
values {-1, 0, +1}. p) q) ALt € i) s (+)
0 0 0 0 0
FA”" FA™ 0 1 1 1 1
1 ) -1 1 1
" : . . 1 1 2 1 0
{KL Output value = -2.c+s = -p-q
T FA T FA | TABLE IV
? """""" ‘ (f """""" ' HA™ OPERATION
co=(VvDrcIVvp Ad =(@VOrG)V(PAD INPUTS OUTPUT | OUTPUTS
s=pPqg B ¢ s=p@Bq B ¢ p () q (+) VALUE ¢ (+) s (-)
0 0 0 0 0
@ © 0 1 +1 1 1
Fig.5. structures for signed (a) FA" and (b) FA™ 1 0 1 0 1
1 1 0 0 0
Also within this paper_represented two t}/pes of signed Output value = 2.c-s =- p+q
FAs (Full Adders) which are presented in table V and
VI and fig 5. In the fig 5(a). and 5(b)* represerlfs t.he TABLE V
sr(]:hematlc ar_1d sr;ol\év: tr_ll?hrelzi?n of FA anthA |W'Ith EA*OPERATION
nvention . r relativ
tzso-i,oz S t 3+?:i everywr?ere theagrp:grar::rsltts eanfjl Zt bg LR OuTPUT OUTTLTS
e . o . pH[q() | GH | VALUE | G (H) s ()
considered negatively indication (Table V, Fig 5(a)) by 0 0 0 0 0 0
assuming p,q and c; are the binary participation and co , 0 0 1 " 1 1
s be the output carry and sum correspondingly. Output 0 1 0 1 0 1
values of FA" are {-1,0,+1,+2} and they are shown in 0 1 1 0 0 0
table V ( truth table of FA"). In case of FA™ equipment 1 0 0 11 1 1
the relative co + s=-p - gq+ci (Table VI Fig 5(b)) where 1 0 1 ) 1 0
p,q are negatively signs. The output values become {- 1 1 0 0 0 0
2,-1,0,+1}. The Fig.5 shows the signed FAs 1 1 1 +1 1 1

implemented using conventional FA with the negative

Output value = 2.¢o-S =p-g+Ci
inputs and outputs inverted.
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TABLE VI
FA” OPERATION
INPUTS —— ouTPUT OUTPUTS
PO | a0 | gy | VALUE [ G() | s()
0 0 0 0 0 0
0 0 1 +1 0 1
0 1 0 -1 1 1
0 1 1 0 0 0
1 0 0 -1 1 I
1 0 1 0 0 0
1 1 0 -2 I 0
I I I -1 I 1

Output value = -2.co+s =-p-g+C;

Proposed NS-MB Recoding Techniques:

In order to design and explore new three alternative
schemes of the New Sum to Modified recoding (NS-
MB) technique used both conventional and signed
HAs and FAs of section IIlLA. The three new
alternative techniques can be easily either in signed
(2’s complement representation) or unsigned numbers
which consists of odd or even number of bits.

In all three schemes considered that both inputs A and
B are consist of 2k bits in case of even and (2k+1) bits
in case of odd bit-width. Consider the bits ayj, az+1 and
by, by+1 as the inputs of the j-recoding cell to
transform the sum of A and B in order to get at its
output the three bits that need to form the MB digit
y}'® according to equation (2).

NS-MB1 Recoding Scheme:

The first scheme in three alternative schemes is
demote as the NS-MB1 and is demonstrate in factor in
fig (6) for together even (fig 6(a)) and odd (fig 6(b))
bit size of input information. As seen in fig.6 the
addition of A and B is specified by

k-1
V=—A+E :.‘}";;-ER +Z},j}:3l2:_;'
i=t
Where y{'% = —25;;.; + 555 + ¢35 (7)

The programming of the MB digity'?, 0 < j < k-1 of
(7) is support on the investigation of section 11.B. We
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consider the early ideals co1 = 0 along with co» =0.
The bits sy+1 and sy are pulling out starting the j
recoding cell of fig.6. A conservative FA with inputs
aj, bz and cy1 produces the carry cpj4q =
(az; A byj) V(czj1 A(azj V byj)) and sum sy; =
aj @D by; D c3j1. A bit ¢y is the output carry of a
predictable HA which is component of the (j-1)
recoding cell and have the inputs azj-1, baj.1.

A HA" ( Basic operation- Table Il, Fig. 4(a)) output
sum is Sy+1 and which is produced by driving czj+1 and
the twisted by a predictable HA with the fragment
azj+1, b2j+1 the same as inputs. Within direct to produce
the negatively signal sum s:1, the HA™ is used and its
outputs are given by

Caj+22 = C2js1 V(82541 B bajaq)
Sgje1 = Brjen & ‘EJ:_i'+1. & Crjet (8)

When we outline the most considerable number
(MSD) of the NSMB3 recoding scheme, distinguished
the two suitcases, in the first casing the bit width of A
and B is even (Fig 6(a)) whereas in the second case
both A and B consist of of odd amount of bits (Fig

6(b))

Within casing of even number of bits, the MSD y;i2,.,,

is warning sign digit and is agreed by the relative
5D

Yieven = —Caka + C1k.2 [9:'

In case that the integer of spot of inputs A and B is
odd, the MSD yi5,, is a MB digit that is formed
based on Cak+1, Sk and Cok2. The carry Ca+1 (-) and the
sum sy are produced by a FA™ with inputs ax (-), bak
(-) and cx (Table VI, Fig 5(b)).

The essential pathway delay of NS-MB1 recorder
method is calculated as

Twvanm1 = Tea, con — TFa, oy T 5um (10)
Where Tuacary and  Teacary be the hold-up of
determining the output carry of a predictable HA and

FA correspondingly and Ty 4« ¢, is delay of structure
the sum of a indication HA”".
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J& Recodimg Cell
byt 2y b‘): o byt by & by L
- S L b
| Y
— HA \ 1 HA - /<] HA
Rl b g il Yl
c:x“x |« | ‘?‘ ‘ [« C..\l | 0
Leme . |/r G2 : ¥4 s
L HA" o= FA ¥ ~ HA' o FA ’ swes = HA" »— FA ¥
ey LS A T
| */ sa o L | s|r / 5 %|
\J1 R | vy Al A QA 5
o E(-1041) "( ~La4L42) r‘"s[—z'«u-x-:: W E(-L-104L42)
SigaedDight  MB digh ME dight MB digt

Fig. 6 Implementation of. NS-MB1 system for (a)
Even and (b) odd number of bits

NS-MB2 Recoding Scheme

The second approach execute the projected recoding
procedure is NS-MB2. It is demonstrate in detail in fig
7 intended for even (fig 7(a)) as well as odd (fig 7(b))
bit width of input information. Regard as the initial
values o1 =0 and Co, =0. The digitsy/’?, 0 < j < k-1
stand on Syj+1, Sz}, Czj2 according to (7). Again used the
predictable FA to construct the carry czj+1 and the sum
Soj. A hit cy1 is the output carry of a HA™ ( Basic
operation-Table Il Fig 4(a)), fit in to (j-1) recoding
chamber and have input spot asj.1 , b2j-1. The negatively
indication bit (sz-1) formed by a HA™ (Table 1V, Fig
4(b)) has the inputs cz+1 and the output calculation
(negatively signal) of the HA™ of the j recoding cell
through the small piece asj+1 , bzj+1 as contribution. The
carry and sum outputs of the HA™ are particular by

Caje22 = Cajer M (Bypaq B Bypay)
Frje1 T Briag & EJ:_i'+1_ & Caj+1 11y
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The most significant digit (MSD) for together cases
even and odd bit-width of A and B are formed as in
NS-MB1 recoding scheme.

Jth Recoding Cell
bat ag: Do M byt By L 4 L l." &
o | [, 2 ‘ |
R | » S . G0 \ R % {9
P
! e : €l
] BT | ~TTHA : |
J 5 ] = ¢ (-
e —— 2N ‘1’-:: T ol I L X rl—, o !
[ < Syari Cyt { o (O L/
| HA™ »—J FA aeee A HA™ *= FA §: e T THA" =1 FA ¥
¢\. i /T 3 " "/ | | « | Jo

| /
|- %t A
. L

& €(-1a ) -,‘,’,‘_-uxn‘u.‘l N E[-2-LaeL 2] W E[-L-LasL eI}

MB digh
by b ¥
Ll ||
| ‘ |
LA 2
A'
|+ '
;. K-y
q | V.
HA FA
,(
Sc}
' 'l‘
Re E[-2-1a+4L o €(-2-104142) o 18 n el 1+42]
MB digh MB digk MB digh MB digh

Fig. 7. Implementation of NS-MB2 system for (a)
Even and (b) odd number of bits

The essential path delay of NS-MB2 recoding scheme
is particular by

Tuzam: =Tha corry T Tracarsy T Taasum (120
Where  Tyas carry and Trgcarry, are hold-up of
influential the output carry of a signed HA™ and FA
respectively and Tyg+ sum is the hold-up of
appearance the sum of a signed HA™.

NS-MB3 Recoding Scheme:

The third approach execute the projected recoding
method is NSMB3 and is demonstrate in element in fig
8 for together even (Fig. 8 (a)) as well as odd (Fig.8
(b)) bit-width of input information.
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b Recoding Cell
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a
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\ / 3 ¢ ‘

p ‘/ | / § o b ‘.‘ /
N ’/v h” = i ;'. / Sl . S.\_]‘ v /e § |- li-/,y
't ‘: " (N * " " ’ o "’
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b) & b]l L) bﬁ-: Iy b.‘rl £ bh L) '_." b; y b¢ N
|
|

AR R TTTN BB R T e[ =009002) R e(2-100002)

MB digk MB digh MB digk MB digh

Fig.8. Implementation of NS-MB3 system for (a) Even
and (b) odd number of bits

The digitsy;”?, 0 < j < k-1 are shaped stand on syj.1, Sy
with cyj according to eq (7). Again used the straight FA
to construct the carry cz+1 with sum sy with
participation ayj, byj and byj1. Since the bit syj+1 needs to
be negatively signal apply FA" (Table V, Fig 5(a))
with inputs azj+1, baj+1(-) and cz1 which construct the
carry Cyj+2 along with the sum sj+1(-)

Crj+z = {a':_i'ﬂ. M m} V(€241 ""'“{:a':j'+1 W m}]

Sgjet = Bzjaq ) 'EJ:_i'+1. ) Czjs1 (13)

The MSD yi2,.., is a signed digit and is given by
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J-"Ff_peven = —Gp-g + C1x [1'1}

In case that the amount of bits of inputs A with B is
odd, the MSD 5, is a MB digit that is formed
based on Cak+1, Sk and Cak. The carry cx+1 () and the
sum sy are produced by a FA™ with inputs ax (-), bak
(-) and b1 (Table VI, Fig 5(b)).

The essential path hold-up of NS-MB3 Recoder
system is invariable in respect to the input bit
measurement and is particular by

Twzam: =Tra, com Tra sum (13)

Where Tea cany i the delay of determining the output
carry of a predictable FA and Trg+ s, IS the delay of
appearance the sum of a signal FA",

Unsigned Input Numbers:

In case that the input numbers A and B are unsigned,
their most significant bits are positively signed, Fig 9-
11 present the modifications that have to make in all
NS-MB schemes for both cases of even (The two most
significant digits change) and odd (only the most
significant digit change) bit width of A and B
regarding signs of the most significant bits A and B.
The basic recoding block in all schemes remains
unchanged.

bay ani bas M2 by fa b“lh‘
§ ‘ ba &y v ls
l' Ll B | P
’ \ Y
/71 BA
1 HA [*
/ A &
/ LI} ] LI
&‘:L\y‘ l | ¢ o N /
™21 3% | oat /
/ o ™ oAt MA® = JA ¢
/ j Ozt / ¢ e i —Jo
HA® P~ FA =] L :
Cun 1 DRI ipiaiadd o o o ot / i LESRE p A
”,' 7 ‘t J . '| i - '4'
sl LS * v
& 4 : %) ',/ v
T — p——s il TEF S % TR ' Laelel)
wel-10e2) N 01 Lo, 4L42)

Signed Dight  MB dight

(a) (®)

Fig. 9. Implementation of MSD of the NS-MB1 in case
of unsigned input numbers (a) Even and (b) odd bit
width
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TABLE-VII
COMPARISON OF DELAY, POWER
CONSUMPTION (EVEN BIT WIDTH)
Power Power Delay Product
SNO Method Time Delay (ns) consumption (.PW};
(mw)
Ripple Carry Adder
| Existing 25347 135 3421845
2 NSMB-1 4811 98 2431478
3 NSMB-2 24811 99 2456.289
4 NSMB-3 24811 96 2381.856
Carry Select Adder
5 Existing 28.051 130 3646.63
6 NSMB-1 24.764 101 2501.164
1 NSMB-2 24.409 99 2416491
8 NSMB-3 24.764 99 2451.636
In Built Adder
9 Existing 17.508 124 2170.992
10 NSMB-1 17.025 100 1702.5
11 NSMB-2 17.025 102 1736.55
12 NSMB-3 16.937 98 1639.826
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Fig. 10. Implementation of MSD of the NS-MB2 in
case of unsigned input numbers (a) Even and (b) odd

bit width
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Fig. 11. Implementation of MSD of the NS-MB3 in
case of unsigned input numbers (a) Even and (b) odd
bit width
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IV PERFORMANCE EVALUATION

The performance of the three proposed recoding
schemes in a fused add-multiply operator and they are
implemented using VHDL for together cases even as
well as odd bit-width of the Recoder’s input
information. To evaluate the presentation of the
projected NS-MB schemes by evaluate with the active
method in terms of critical delay, power consumption
is show in table- VII for Even bit width of the inputs.
The inputs with odd bit width and their comparison is
shown in table-VI1I

The comparison of power consumption with different
techniques is shown in fig. 12 for even bit width as
well as for odd bit size is show in fig.13

135 130

124

140
120
100
80
60
40
20

RCA SL In Built Adder
B Conventional MNSMB-1 M NSMB-2 MNSMB-3

Fig 12. Comparison of power consumption Results
(Even Bit Width)
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100
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80 ¥
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Fig 13. Comparison of power consumption Results
(Odd Bit Width)
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TABLE-VIII
COMPARISON OF DELAY, POWER
CONSUMPTION (ODD BIT WIDTH)
Power
SNO Method Time Delay (ns) |~ consumption Poe ey Produt
) ()
Ripple Carry Adder
I NSMB: | %9m 104 3013.088
] NSMB:] 18943 102 2035,144
j NSMB-3 89 % 2868128
Canry Select Adder
4 NSMB-| 26821 102 173584

) NSMB-2 2080 100 2821
b NSMB:3 2689 0 2635.808
In Built Adder
] NSMB-] 19,393 116 PO
§ NSME-] 19.593 102 1998486
9 NSMB-3 19,593 101 1978893

The simulation results of Conventional and proposed
schemes for both even and odd bit width is shown in
following figures 14-16
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Fig.15 Simulation result of Even Bit Width
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Fig.16 Simulation result of Odd Bit Width

V CONCLUSION

The design of the fused add-multiply is used to execute
the straight recoding of the addition of two information
in its modified booth (MB) form. This work focuses on
optimizing the invent of the Fused add-multiply
(FAM) machinist. In this work explored three new
alternative designs of the proposed New sum to
modifies booth recoding technique (NS-MB) and
compared them with the existing method. The
proposed recoding schemes incorporated in FAM
designs and they give the performance improvements
in conditions of critical delay, power expenditure
comparing by way of existing method.
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