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ABSTRACT

The digital computing systems like mathematical co-processors, micro-processors, digital filters must be highly efficient
in ferms of computational time. The most fundamental operation in any computing systems is multiplication. The
multiplier should therefore employ minimum processing time by the use of high speed adders. This paper describes the
design of Vedic Multiplier using Kogge Stone Adder (the fastest Parallel Prefix Adder) and Booth Multiplier (based on two's
complement notation). The two designs have been compared based on delay, levels of logic, number of slices, and
memory usage. Based on the synthesis report obtained, the delay in Booth Multiplier has been found to be very less
compared to Vedic Multiplier however, during simulation in Booth Mulfiplier the response to the inputs is not
instantaneous, but there is a large amount of wait period in getting the oufput as the count signal increments in the
sequential circuit which is not the case with Vedic Multiplier (Combinational Circuit). This showed that the Booth Multiplier
is slower compared fo Vedic Multiplier. The two designs have been implemented in Xilinx ISE 14.4 for the family of devices
Spartan é with the device name Xcésix45, package ¢sg324,and speed grade of -3.

Keywords: Kogge Stone Adder [KSA], Parallel PrefixAdder (PPA), Urdhva Trigbhyam, Vedic Multiplier (VM), Booth Multiplier.

INTRODUCTION

The performance of the computing system depends on
digital multipliers. Multiplication is an important function in
many mathematical computations. The speed of the
processor depends on high speed multipliers, therefore a
high speed processor should be designed which requires
less computational time, hence arises the requirement of
faster system i.e., the digital system should be highly
efficient in terms of computational delay or processing
fime. Digital Signal Processing (DSP) like systems which
requires mathematical computation consists of
multipliers and adders. The Vedic Multiplier has been
designed using Urdhva Trigbhyam sutra with the fastest
Parallel Prefix Adder (Kogge Stone Adder) and the Booth
Multiplier based on 2's complement notation. The design
has been implemented on an FPGA device
(XcbsIx45~3csg324) and been compared on various
parameters.

1. Objectives

The multipliers found its application in microprocessors,
mathematical coprocessor, digital signal processing,

digital filters, etc. Micro-processors are used in home
appliances like oven, washing machine, etc.,and in
consumer products like calculator, games machine,
fraffic light controller and as industrial controller whereas
co-processors perform string processing, 1/O interfacing,
floating point arithmetic, and signal processing. The
digital signal processing is used in ATMs (Automatic Teller
Machines), cellular phones, video-conferencing, WLL
(Wireless Local Loop), and consumer products like digital
audio, music synthesizer, answering machines, radar
detectors and in speech, image, radar and sonar
processing. The need of highly efficient multipliers is
therefore the need of the technology. The faster operation
of digital devices depends on the speed of its processors
which in turn depends on the time required for the
operations in its arithmetic and logical unit. Multiplication
is the most fundamental operation in every digital system
and hence the requirement of implementing faster
multiplier multiplying unsigned (Vedic Mulfiplier) as well as
signed binary numbers (Booth Mulfiplier).
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2. Vedic Multiplier

Vedic Multiplication is one of the ancient Vedic methods
for multiplying two numbers. Multiplication is an important
function in many mathematical computations. It is a
sequence of additions carried out on partial products
(Tirthaiji, 1965). The VLSI (Very Large Scale Integration)
design is considered in terms of logic utilization, power,
areq, delay, levels of logic, and total memory usage. A
good multiplier is designed considering all these factors.
Here the multiplier has been designed using Urdhva
Trigbhyam sufra one of the 16 Vedic sutras based on
ancient Vedic mathematics (Kumar, 2012). The VM has
been designed using KSA (Kogge Stone Adder).

Urdhva Trigbhyam means vertical and crosswise
multiplication as illustrated in Figure 1. It employs first the
vertical set of input bits (MSB bits) of two numbers to be
multiplied, then the crosswise multiplication of last two bits
which are added by Kogge Stone Adder. It requires less
computation time (M. Poornima et al., 2013) than other
Vedic sutras like Ekadhikena Purvena, Nikhilam,
Navatascara-mam Dasatah, efc.

3. Parallel Prefix Adder

Parallel Prefix Adder (PPA) is one of the fastest adder (Hoe,
Martinez, Vundavalli, 201 1) considered among all types of
adders. There are different types of PPA's of which, one of
them is considered here for implementation of Vedic
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Figure 1. Line Diagram for 4 bit Vedic Multiplication

Multiplier (VM) is Kogge Stone Adder (KSA). It generates the
carry signals in O(log n) time (Kumar & Naik, 2014). It uses
group generate and propagate functions. It uses three
stages.
i) Pre-processing
i) Carrylook-ahead network
i) Post-processing
In Pre-processing stage, propagate (p) and generate (Q)
functions are calculated as,
p=axorb (1)
g=aandb (2)
In Carry look-ahead network, group propagate (cp) and
generate (cqQ) functions are calculated as:-
cplil=plijandpli-1] (3)
cglil=gli]or(gli-1]andpli]) (4)
In Post-processing network, sum and cout is calculated
sum([i]=pli]xorcqli-1] (5)
The schematic for a 16 bit Kogge Stone Adder (KSA) is as
shown in Figure 2, (parul and Rahul, 2015) where the black
cell represents group propagate and generate function
calculation (Harris, 2003) while the grey cell represents the
group generate function and the friangle represents
buffer where the bit propagates and generate, here the
number of carry propagation stages are 4 as given by the
equation (6) below:-
2"= number of bits of KSA (6)
where 'n'is the number of carry propagation stagesin KSA.
4.Booth Multiplier
Booth's algorithm is fo mulfiply two binary numbers in
signed representation (Booth, 1951). The algorithm was
invented at Birkbeck College, London by Andrew Donald

(15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0)

MEEEEEEEEEEEEE

: ;
=
|

: : =t
2 = -

: : : t
1 ! i i = ===
S RN LR
[15'014'013'D1::D11'D1'}|:| 90 80 7.0 60 50 40 %20 220 1:0 00

Figure 2. 16-bit Kogge Stone Adder Network
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Booth in 1950. The Booth multiplier (BM) reduces the
number of partial products by scanning three bits at a
time. The first two bits are from the present pair, whereas
the last bit is from the adjacent lower order pair. The triplets
of bits are examined and are converted by Booth logic
into a set of five control signals that is used by the adder
cells in the array to control the operations (Goyal, Gupta,
Singla, 2014). The Booth multiplication is used to multiply
two signed binary numbers in addition to unsigned
numbers. This multiplication of Booth algorithm is as shown
in Table 1 to multiply 3 (multiplier, Q) and 7 (multiplicand,
M). There are four cycles involved in this case, as the
number of bits required to represent 3 and 7 are four,
taking the MSB bit as sign bit, i.e. zero. The product
obtained is 21 (00010101) stored in A and Q at the last
stage.

5. Implementation

5.1Vedic Multiplier (4/8/16 Bit)

5.1.1The 4BitVM

Firstly, the 2 bit VM has been designed using two half

adders & four and gates. The design of 4 bit VM is shownin
Figure 3 consists of four 2 bit VM ( R. Anjana et al., 2014)
which takes the combination of two 4 bit inputs 'a' and 'o'.
The output 'q0-g3' from each 2 bit VM blocks are of 4 bits
which are given to KSA of 6 and 4 bit and the combined
output of them has been given to KSA of 6 bit to obtain the
final outputi.e. mul of 8 bit.

5.1.2The 8 BitVM

Figure 4 shows the design adopted for the
implementation (Pohokar et al., 2015) of 8 bit Vedic
Multiplier (VM) where the design of 8 bit VM (Mano, 1979)
consists of four 4 bit VM which takes the combination of
two 8 bit inputs 'a' and 'b'. The outfput 'q0-g3' from each 4
bit VM blocks are of 8 bits which are given to Kogge Stone
Adder of 12 and 8 bit and the combined output of them
has been given to Kogge Stone Adder of 12 bit to obtain
the final output, i.e., mul of 16 bit.

5.1.3The 16 BitVM

The design of 16 bit VM consists of four 8 bit VM (R. Anjana

et al., 2014) which takes the combination of two 16 bit

A Q Q-1 M Steps inputs 'a'" and 'o'. The output 'g0-g3' from each 8 bit VM
0000 0011 0 o1m Initialvalues blocks are of 16 bits which are given to KSA of 24 and 16 bit
1001 0011 0 0111 A=AM First cycle .

1100 1001 : 0111 Right shift parallely and the combined outfput of them has been
1110 0100 1 0111 Right Shift Seconctycle given to KSA of 24 bit to obtain the final output, i.e. mul of
0101 0100 1 0111A =A+M Third cycle 32 bitas shownin Figure5.
0010 1010 0 0111 Right Shift
0001 0101 0 0111Right Shift Fourthcycle
Table 1. Booth Multiplication Algorithm
3: a[3:2 b[3:2 [1:0] b[1:0] a[3:2] b[1:0] a[1:0]
657 ibgbgi i 2]*b3b2 b1b0 W blboy b1b0 W b1b0 W
|Ved|c 2bit | |Ved|c 2bit | | Vedic 2bit | |Ved|c 2bit |
. q0[3: 0]
E?SE%O]IOO} /9000 ’00,92[3:0] } q1[3:0] templ
temp3 temp2 0)00000000 l
0
q0[1:0]
KSA_6bit KSA_4bit
q5[5:0] {00,q4[3:0]}
l l temp4
KSA_6bit
q6[5: 0]
v
mul[7:2] mul[1:0]

Figure 3. Schematic for 4 bit VM
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Figure 4. Schematic for 8 bit VM

5.2 Booth Multiplier (4/8/16 Bit)

The Booth implementation (Wakerly, 1999) as shown in
Figure 6 consists of different reqisters A which is initially all
zeros, @ as multiplier and Q-1 as a single zero (initial booth
bit). The multiplicand (M) and multiplier (Q) are
represented by minimum number of binary bits. The MSB
bit represents the sign biti.e., '1'if the number is negative
and '0' if positive excluding the minimum requirement of
the bits required to represent the number. The last two bits
inthe representationi.e. A, Q, Q-1 which are Q[0] and Q-1
are examined. Depending upon whether this bits are “00”,
"017, “10”, 11", the operations mentioned in Figure 6
takes place. The number of checks or steps is equal to the
number of bits required to represent the multiplicand and
multiplier.

5.2.1The 4BitBM

The design of 4 bit Booth Multiplier (BM) consists of the two
four bit inputs i.e. multiplicand and multiplier loaded into
register M and Q respectively (Goyal, Gupta, Singla, 2014)
as per the flowchart in Figure 6. The sequence of steps
mentioned in the flowchart takes place and the number
of iterations is four for 4 bit BMi.e. the count takes the value
fromm 000010 0011.

5.2.2The 8 BitBM

The design of 8 bit Booth Multiplier (BM) consists of the two
eight bit inputs i.e. mulfiplicand and multiplier loaded into
register M and Q as per the flowchart in Figure 6. The

sequence of steps mentioned in the flowchart takes
place and the number of iterations is eight for 8 bit BM, i.e.
the counttakes the value from 0000to 0111,

5.2.3The 16 BitBM

The design of 16 bit Booth Multiplier (BM) consists of the two
sixteen bit inputs i.e. multiplicand and multiplier loaded
into reqister M and Q as per the flowchart. The sequence
of steps mentioned in the flowchart takes place and the
number of iterations is sixteen for 16 bit BM, i.e. the count
takesthe value from 0000to 1111.

The sequence of steps mentioned in the flowchart takes
place and the number of iterations is sixteen for 16 bit BM
i.e.the counttakesthe value from0000to 1111.

6. Synthesis and Simulation

b[15:8] a[15:8] b[15:8] a[7:0] b[7:0]1 a[15:8]  b[7:0] a[7:0]

IVetic Sb*i( | [vedic sbit | [v:jic Bbt | \tdici:t
{g3[15:01,000¢0000} _ {00000000,92[15:0]} a1[15:0] q0[15:0
temp3 temp2 {00000000,q0[15:8]}

A4 v templ

KSA_24bit
92[23:0] {00000000,g4[15:0]}

KSA_16bit

temp4
A4 v
IﬁmL a0[7:0}
q6[23:0]
A4
mul[31:8] mul[7:0]

Figure 5. Schematic for 16 bit VM
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Figure 6. Flow Chart for Booth Multiplication

The synthesis of VM (Palnitkar, 1996) has been performed
using Xilinx 14.4 ISE & simulation has been done using Isim
simulation tool on Spartan 6 family, device XcésIx45,
package as csg324 with speed grade -3. For this
configuration, the technology schematic of 16 bit VM
using the above implementation method has been
shown in Figure 7 with the simulation view of 16 bit VM i.e.
the mulfiplication of two 16 bit unsigned number shownin
Figure 8.

The technology schematic of 16 bit Booth Multiplier using
the above implementation method has been shown in
Figure 9 with the simulation view of 16 bit Booth Mulfiplier
i.e. the mulfiplication of two 16 bit signed as well as
unsigned numbers shownin Figure 10.

Table 2 shows the synthesis results obtained for VM and
Booth Multiplier with the FPGA device Xcéslx45~3csg324
and Figure 11 shows that the synthesis delay comparison
graph between Vedic and Booth Multiplier (4/8/16 bit).
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Figure 8. Simulation Result of 16 bit VM

S

T ..|\... e wtm Bx :*- Na 272R 3R 2=~ Fu

a2 [ i e o i

§ A ==

= :
; E

Figure 9. Technology Schematic of 16 bit BM
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Figure 10. Simulation Result of 16 bit Booth Multiplier

Based on the hardware, it has been found that the
synthesis delay in Booth Multiplier is less compared to VM
as the levels of logic or the number of slice LUTs are less in
Booth comparedto Vedic.

Conclusion

The design of VM based on FPGA implementation using
Kogge Stone Adder has been compared with the design
of Booth Multiplierimplemented. The VMs of 4/8/16 bit has
been designed using Kogge Stone Adders of
4/6/8/12/16/24 bit. The Booth Multiplier has also been
implemented using the logic in Figure 6. The mulfipliers
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Device-Spartané
XcbésIx45~3csg324

i Delay Levels No. of Memory Delay Levels No. of Memory
Mapyers of _ sice o sice

Vedic Multiplier Booth Multiplier

(ns)  Logic LUTs  (KB) (ns) Logic LUTs (KB)
4 Bit 9.813 7 22 253584 10.867 6 18 253392
8 Bit 15713 13 130 254224 11.627 6 39 254288
16 Bit 27.499 22 647 256592 13.702 7 89 254352

Table 2. Obtained Synthesis Results

30 L )

15713  VedicMultiplier

= Boath Multiplier

2 0.813 10.867

4 Bit 8 Bit 16 Bit ——=  Ejtlenzths

Figure 11. Synthesis Delay Comparison Graph between
Vedic and Booth Multiplier (4/8/16 bit)

have been implemented in Xilinx ISE 14.4. The FPGA
implementation has been done in Spartan 6 with the
device name as Xcéslx45, package csg324,and speed
grade of -3.

It has been found that the delay in Vedic Multiplier (VM)
according to synthesis report, is more comparable to
Booth Multiplier (BM) as obtained in Table 2. The delay is
9.813 ns for 4 bit VM whereas itis 10.867 ns for BM (4 bit). It
can be concluded that for lesser number of bits i.e. 4 bit
VM and BM the delay is more in BM, however as the
number of bits of multipliers increases as for 8/16 bit VM
and BM, the delay is more in VM compared to BM. The
delay foundin 8 bitVMis 15.713 ns whereas for 8 bit BM it is
11.267 ns. Also for 16 bit VM, the delay is more in VM
(27.499 ns) compared to 16 bit BM (13.702 ns) as
obtained in the synthesis report of Table 2. The levels of
logic obtained in BMis very less compared to VM and thus
the synthesis delay based on the hardware, The simulation
in BM takes a large waiting time i.e. the oufput does not
respond instantaneously o the change ininputs. There is a
minimum wait period of 120 ns, 200 ns, 360 ns for 4, 8,16
bit BM. The BM is a sequential circuit, where the output is
obtained when the count value, reaches its maximum
value till then the oufput is in high impedance state or in
the waiting period. This is not the case with VM as it is a

combinational circuit the output changes immediately
with respect to the change in input, there is no waiting
period required as in BM. It can thus be concluded that
the BMis slowercomparedto VM.

Recommendations

The VM of different bit lengths (4/8/16 bit) has been
designed using Kogge Stone Adders of varying bit lengths
requiring higher bits (4/6/8/12/16/24 bit). The BM has been
implemented using the flowchart illustrated in Figure 6
and thus it requires the bits of adders that are equal to bit
implementation of BM. The number of passes required to
implement BM is equal to the number of bits required to
represent the multiplicand and multiplier. The MSB bit
represents the sign of the number. For example -5 is
represented as 011, i.e. minimum three bits and one MSB
bit represents its sign as 1011 (-5) in 2's complement
notation. The synthesis delay in BM is therefore much less
compared to VM (parallel implementation of KSA of
higher bit lengths). BM is used o multiply two unsigned as
well as signed binary numbers whereas the VM multiplied
only unsigned binary numbers, The negative number is
stored in 2's complement notafion in multiplier ()
numbers with MSB as sign bit ('1') to represent negative
number and positive in multiplicand (M) to multiply two
signed binary numbers in Booth algorithm, when both
numbers are negative Q and M stores the 2's
complement of the numbers with MSB as sign bit ('1') to
represent negative number. However the simulation time
required in getting the output is much more in BM due to
the clock period, whereas the VM responds immediately
to the change in input. Therefore, the design used for
multiplication should be based on Vedic sutras like Urdhva
Trigbhyam (one of the most efficient sufra) which is used
here andthe fastest PPA, i.e. Kogge Stone Adder.

References
[1]. Booth A.D. (1951). A signed binary multiplication

technique”. Quarterly Journal of Mechanics and Applied
Mathematics, Vol. 4, No. 2, pp. 236—240.

[2]. Goyal Neha, Gupta Khushboo and Singla Renu,
(2014). "Study of Combinational and Booth Multiplier”.
International Journal of Scientific and Research

34 i-manager’s Journal on Electronics Engineering, Vol. 6 « No. 2 . December 2015 - February 2016




RESEARCH PAPERS

Publications,Vol. 4, No. 5, pp. 1-4.

[3]. Harris D., (2003). "A Taxonomy of Parallel Prefix
Networks”. in Proc. 37" Asilomar Conf. Signals Systems and
Computers, pp. 2213-7.

[4]. Hoe David, Martinez Chris and Vundavalli Jyothsna
Sri. (2011). "Design and Characterization of Parallel Prefix
Adders using FPGAs”, IEEE 43™ South Eastern Symposium
Auburn, AL. pp. 168-172.

[6]. Kumar G., (2012). "Design of High Speed VM using
Vedic Mathematics Techniques”. International Journal of
Scientific and Research Publications, Vol. 2, No. 3, pp. 1-
5.

[6]. Kumar Sudheer, and Naik Rajendra, (2014). "Design
and Estimation of delay, power, area for Parallel Prefix
Adders”. RAECS, Chandigarh.

[7]. Mano Morris M., (1979). Digital Logic and Computer
Design. Pearson Education.

[8]. M. Poornima, Patil Shivaraj, Shivukumar, K.P Shridhar,
H. Sanjay, (2013). “Implementation of Multiplier using
Vedic Algorithm”. UITEE ,Vol. 2, No. 6, pp. 219-223.

[9]. Palnitkar Samir., (1996). Verilog HDL: A Guide to Digital

Design and Synthesis. SunSoftPress.

[10]. Pohokar S.P, Sisal R.S., Gaikwad K.M., Patil M.M., and
Borse Rushikesh, (2015). “Design & Implementation of
16x16 multiplier using Vedic Mathematics”. [IEEE
ConferenceICIC, Pune,

[11]. R. Anjana, B. Abishna, M.S. Harshitha, E. Abhishek, V.
Ravichandra, and M.S. Suma, (2014). “Implementation
of VM using Kogge Stone Adder”. I[EEE Conference ICES,
Coimbatore.

[12]. Tirthaji Bharti Krishna, (1965). “Vedic Mathematics or
Sixteen Simple Mathematical Formulae from the Veda”.
Motilal Banarsidas Varanasi, India.

[13]. Wakerly JohnF, (1999). ‘Digital Design Principles and
Practices. Prentice Hall.

[1T4]. Parul Agrawal and Rahul Sinha, (2015).
“Comparative Analysis and FPGA Implementation of
Vedic Multiplier for various Bit Lengths using Different
Adders”. International Journal of Innovative Research in
Computer and Communication Engineering, Vol. 3, No.
10.

ABOUT THE AUTHORS

Parul Agrawal is presently pursuing M.E. (Communication) from the Chhatrapati Shivaji Institute of Technology, DURG (CG), India.
She received her B.E degree in Electronics and Telecommunication Engineering from Chhattisgarh Swami Vivekanand Technical

University, India. Her research interest includes Adders and Multipliers.

Rahul Sinha is presently working as an Assistant Professor in the Department of Electfronics and Telecommunication, Chhafrapati
Shivaji Institute of Technology, DURG (CG), India. He received M.E (Communication) from the Swami Vivekanand Technical
University, India and B.E degree in Electronics and Telecormmunication from the Pt. Ravishankar Shukla University, India. He has P
done Advanced PG Diploma in VLSI Design. He has served as an ASIC engineer in a private organization for more than two years.

His research interest includes Signal Processing and VLS.

E . »

o

—

¢

i-manager’s Journal on Electronics Engineering, Vol. 6 « No. 2 . December 2015 - February 2016 35




	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41

