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Abstract - The design of high speed MAC Unit using Vedic Mullér is the techniques of Ancient Indian Vedic Mamatics
that has been modified as per technology to impnoedormance of mathematically computational. MASCused in DSP
application to multiply and accumulate at the sdamme. Vedic Mathematics is the ancient system ofhematics which has a
unique technique of calculations based on 16 Sulfas work has proved by the efficiency of Urdhirgkbhyam Sutra and
Nikhilam sutra— Vedic method for multiplication vehi strikes a difference in the actual process dfipligcation itself and also
reduces the complexity. It enables parallel germratf intermediate products, eliminates unwantadtigiication steps during
the mechanism. For such application | used henmy satect adder in the Vedic multiplier that hadueed the delay. Adders are
the basic building blocks of any processor or ¢eth application and computation. In adder desigmycgeneration is the
critical path. Carry Select Adder (CSLA) is onetloé fast adder used in many data path applicatitmere is a chance to reduce
the delay in the MAC structure.

Index Terms —MAC, Vedic Multiplier, Delay, Carry Select Adder, UrdhVaykbhyam, Delay.

1. INTRODUCTION

Multipliers and accumulators are widely used inmathematical operations. But the drawback is tHatively

Microprocessors, DSP and Communication applicatéorésin @+ larger chip area consumption. Third is serial- [ara
such mathematic applications also for memory devit® multiplier which serves as a good trade-off betwtdentimes
storage data. For higher order multiplicationsugennumber consuming serial multiplier and the area consunpagallel

of adders are to be used to perform the partiadypsb multipliers [2] that is structured by using CSLAec@ion 4 and
addition, that is too much complex. The need of jmower 5 described the results of Vedic multiplier. Andlast the
and high speed Multiplier is increasing as the nekdigh  comparison table and conclusion is described.

speed processors are increasing in this age. ThdicVe

multiplication technique is based on 16 Vedic suta@ 2. \/EDIC MULTIPLIER AT A GLANCE

aphorisms, which are actually word formulae destgb S

natural ways of solving a whole range of mathenahtic 2-1 Basic principal-

problems [1]. The mathematical operations usingdive High speed and high-throughput and reliable cirguitesign
Method are very fast and area efficient, this canubed to  are playing the challenging role for VLSI desigirethe VLSI
improve the computational speed of processors gradiner fie|d. For real-time signal processing like DSPhigh speed
application. ~ This paper describes the design andng high throughput with good reliable MAC unitalsvays a

implementation of 4x4 bit MAC unit using Vedic miplter ey to achieve a high performance digital signalcpssing
based on Urdhva-Tiryakbhyam sutra (Vertically andsystem and computational system [6].

Crosswise technique) and Nikhilam sutra of Vedic
Mathematics using EDA (Electronic Design Automaj}iwol. 2 2 Nikhilam sutra-
The paper is organized as follows-

] . ) ] Nikhilam Sutra literally means “all from 9 and ladigit from
Section 2 describes the basic methodology and @figéedic 10", Although it is applicable to all cases of niplitation, it
multiplication technique. Section 3 describes thieppsed s more efficient when the numbers involved aregdato
architecture of MAC unit using 2x2 and 4x4 bits Wed reduce the complexity. Since it finds out the campht of
architecture can be generally classified into theategories.  myltiplication operation on it, larger is the origl number,
First is the serial multiplier which emphasizes loardware |esser the complexity of the multiplication due the

and minimum amount of chip area. Second is paralle¢ompliment of the number. We first illustrate tiBsitra by
multiplier (array and tree) which carries out higipeed
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considering the multiplication of two decimal numbg92 *
89) where the chosen base is 100 which is neapesind
greater than both these two numbers [3].

STEP 1- Starts from left most digit and begin subtracting
‘9’ from each of the digit but subtract ‘10’ fronhe last
digit.

e To multiply 92 & 89, apply Nikhilam Sutra-

89— > -11

STEP 2 multiply (-08) and(-11) to get 88.
92 E— -08

B9 > 11

STEP 3-Now we cross add.
> T
9 -11
STEP 4-1In both operation we get the same answer. Which
is written below-

92  — 08
X

89 |:> -11

81 88

v

v

2.3 Urdhva triyakbhyam-

The multiplier is based on an algorithm Urdhva
Tiryakbhyam that is Vertical & Crosswise based gipal

of ancient Indian Vedic Mathematics. Urdhva Tiryaikhm
Sutra is a general multiplication formula applicalb all
cases of multiplication in mathematics. It liteyalineans
“Vertically and crosswise” [3]. It is based on aveb
concept through which the generation of all pagi@ducts
can be done with the concurrent addition of theadig
products. The parallelism in generation of pariedducts
and their summation is obtained using Urdhava
Triyakbhyam explained in fig.[4].The algorithm cdre
generalized for n x n bit number.

STEP 1 STEP2 STEP 3

325  Result=40 325 Result=31 3235 Result=65
‘ Pre.Carry:_O Pre‘Car‘ry:_:l XPre‘Caﬂy:_li
733 (al[o] 733 758 [s]s]

OAjV 5% 8,50
Carry=4 Carry=3 Carry=6
STEP4 STEPS
325 Result=2 3 325 Result=2 1
y Pre.Carry= 6 ‘ Pre.Carry= 2
738

ST
9{&% 2
Carry=2

325X 738 =239850

398350

Fig.1l: Multiplication by Urdhva Tiryakbhyam.[4]

3. PROPOSED MAC ARCHITECTURE

The hardware architecture of 2x2 and 4x4 bit Vedic
multiplier (VM) modules are displayed in the below
sections than there is used a carry select adderdiaced
delay. Here, “Urdhva-Tiryakbhyam” (Vertically and
Crosswise) & Nikhilam sutra is used to propose sanh
architecture for the multiplication of two binarymbers.
And then there is use of adder and accumulator.bEaeity
of Vedic multiplier is that here partial productngeation
and additions are done concurrently as a paratletgss.
Hence, it is well adapted to parallel processinge Teature
makes it more attractive for binary multiplicatiolsreduce
delay.
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3.1 2X2 Multiplier-

This is fundamental block of 4X4 Vedic multipliddsing
four 2X2 multiplier we construct a 4X4 Vedic muligy.
The inner structure of 2X2 Vedic multiplier is adléwing

[5]-

input BTN Ho output
a[1:0] b —L -~ a [3:0]
b[1:0] a1 \ =
bo — 5 Il =g
al | "—‘ﬁ. 2
b1 - ! _ .
al —-[ | b, q3
b1 B —

Fig 2 2X2 Vedic multiplier

3.2 Carry Select Adder-

Carry-Select adder is simple and area-efficientvai as
reduced delay also a group of full adder. Howevtbe
computation speed is slow because each full-adateioaly
start operation till the previous carry-out sigisateady. In
the carry select adder, N bits adder is divided Mt parts.
Each part of adder is composed two carry ripplesesidith
cin_0 and cin_1, respectively. Through the multiple we
can select the correct output result accordinght lbgic
state of carry-in signal [7].

Vistt X5t Yior X7 Yes Xer Y2 X2 Vi X Yo X

MUX MUX MUX MUX MUX (ol
{ 3 2 ! 1

)
Cout iﬁﬁ
§

Fig 3 carry select add&t
3.3 MAC Unit using Vedic Multiplier—

The inputs for the MAC are fetched from memory taa
and fed to multiplier block of the MAC, which witlerform
multiplication and give the result to adder whichillw
accumulate the result and then will store the teistib a
memory location; this is the overall process of MAGIt.

This entire process is to be achieved in a sinlgiekccycle
[12]. The design of MAC unit architecture from Fghows
that the design consists of one 8 bit register,4bé Vedic
multiplier, 8-bit accumulator using carry selectdead
(CSLA).

N bit N bit

MULTIPLIER
2N

ADDER

2N+1

ACCUMULATOR

Figure 4: Structure for MAC Unit
A block diagram of 4X4 Vedic multiplier is given logv-

aXal41 0 alazal ol al al al al

KA hd 8l B b b b1 bO

32 a2 al sl
bi b2 bl b

e e e

53 BT 51 hO

2x3

Fig.5 4X4 Vedic multiplier[9]
4. SIMULATION RESULT AND RTL VIEW

Since the partial products and their sums are tzbkx in
parallel, the multiplier is independent of the ddequency
of the processor. Thus the multiplier will requtte same

amount of time to calculate the product and herxe i

independent of the clock frequency. The net adgmia
that it reduces the need of microprocessors toabpeat
increasingly high clock frequencies. While a higldock
frequency generally results in increased procespmger,
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its disadvantage is that it also increases powssigttion
which results in higher device operating tempegs.
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Fig.6 Simulation result of MAC Unit
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Fig.7 RTL view of Vedic multiplier using Urdhva
Tiryakbhyam

Fig.8 RTL View of Nikhilam Vedic Multiplier
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Fig.9 RTL View of MAC unit

5. SYNTHESIS RESULT

Table 1.
Logic Utilization Used | Available | Utilization
Number of Slice 22 96( 2%
Number of 4 input 8 1920 2%
LUTs
Number of 10s 22 - -
Number of bonded IOBs 22 66 33%

Table 2 Comparison table

Device: XCIS300/[ARRAY  [BOOTH | CONVENTIONAL | VEDIC MULTIPLIER
XC351600, Xilinx | MULTIPLIER | MULTIPLIER | VEDIC USING  CARRY
Spartan3E (Fanily) MULTIPLIER | SELECT ADDER

4X4 Bit 32.001 16.276 13182 11764

6. CONCLUSION AND FUTURE WORK

A unique approach is proposed in this thesis tacedhe
delay of MAC Unit usin¢ Vedic multiplier that is used
CSLA architecture. This thesis shows the desig MAC
using Vedic multiplier implemented by carry select ad
compared with regular multiplier and modified 4Xédic
multiplier. All these adder and tltiplier and MAC unit are
implemented on Spartan XC3S500E device Xilinx 13.4
version Also the RTL structure was analyzed us
synopsis RTL tool. This diagram having better ressulhen
compared to conventional multiplier and modif
techniques. Thenain area of VLSI is to reduce the area
delay. In this proposed topic we have to reducedilay.
Now to work on efficient area is the future work thiis
proposed topic.
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