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Abstract: The aim of this study is to increase the speed of the multiplier for image compression. The image compression is used
to reduce the redundancy of the image and store the data in efficient form. This paper show the use of vedic multiplier with
pipelining to increase the speed. multiplier is the keyblock of Digital Signal Processing and High performance processors. Vedic
mathematics is used in this multiplier to increase the speed. The vedic multiplier is formed by the gates and adder circuits. In this
vedic multiplier each and every gate and adder circuit is converted to multiplexer for high speed. CADENCE software is used for
designing and simulating the system and the system is coded in verilog HDL.

Keywords: Vedic multiplier, multiplexer, verilog HDL, vedic mathematics, pipelining, image compression

I. INTRODUCTION
Multiplication is an important block of real-time digital signal processing (DSP) applications and high performance processors. To
increase the speed of the circuit using vedic mathematics in the multiplier for implement the image compression. “Veda’ means
‘Knowledge’. It is a Sanskrit word. Vedic Mathematics is a collection of sutras to solve mathematic problem in a easy and faster
way. Vedic Mathematics consists of 16 sutras which can be used for problems involved in arithmetic, algebra. Urdhva
Tiryagbhyam is the most generalised sutra for implementation of There are five sutras for multiplication such as Nikhilam Sutra,
Anurupyena Sutra, Urdhva Tiryagbhyam Sutra, Ekayunena Purvenaand Antyaordaske’pi. Among these technique, Urdhva
Tiryagbhyam is generalized multiplication method.
Urdhva Tiryagbhyam is the vertically and crosswise multiplication which consist of simple addition and multiplication. The beauty
of Vedic Multiplier lies in the fact that they can be used to solve cumbersome mathematical operations and thereby improving
speed.Vedic multiplier consist of gates and adders circuit. Gates is a electronic circuit having one or more inputs and only one
output. Gates are not give the output directly. It do the operation then give the output. Adder is a digital circuit it do the addition
operation. In this vedic multiplier each and every block is converted to multiplexer. Multiplexer is a electronic device it has a
multiple inputs and a single line output. It also has selection line input. The select lines determine which input is connected to the
output and so it also known as data selector. Multiplexer is directly give the output without perform any arithmetic operation and so
speed of the vedic multiplier is increased. The 8x8 bit vedic multiplier formed by using four 4x4 vedic multiplier and three 8 bit
adders. The 4x4 vedic multiplier is formed by four 2x2 vedic multiplier and three adders. The 2x2 vedic multiplier is formed by two
adders and four AND gates.
AND gate can be designed using 2x1 Multiplexer and. the half adder id designed using two 2x1 multiplexer in the 2x2 vedic
multiplier. Design is converted into coding by using verilog HDL. This verilog code of 2x2 vedic multiplier is designing and
simulating in the CADENCE software. This 2x2 vedic multiplier four and three 4 bit adders are used in 4x4 vedic multiplier. This
4x4 vedic multiplier is coded in verilog HDL. This verilog code of 4x4 vedic multiplier is designing and simulating in the
CADENCE software. This 4x4 vedic multiplier four and three 8 bit adders are used in 8x8 vedic multiplier. This 8x8 vedic
multiplier is coded in verilog HDL.
This verilog code of 8*8 vedic multiplier is designing and simulating in the CADENCE software. Power dissipation, critical path
and cell area are calculated for 2x2 , 4x4 and 8x8 vedic multiplier which converted by multiplexer.Vedic multiplier with
pipelining is used to increase the speed of the system. Pipelining is the process of separate the block by register to store the output of
the previous block to achieve the parallel performance. Pipelining is consist of D flip flop as a register. Pipelining is the system
processing is divided into multiple Stages then system can respond maximum multiple jobs at the same time. A pipelining design
is that new data can begin processing before the prior data has been finished because of this, the speed of the vedic multiplier is
increased.After analysed the performance of high speed multiplier, to check the performance by apply in application named Discrete
Cosine Transform. DCT is used to convert the image spatial domain into frequency domain. This DCT is used in image
compression.
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Il. EXISTING SCHEME OF 8x8 VEDIC MULTIPLIER

Vedic mathematics is used in this existing scheme Vedic mathematics consist of 16 sutras. Urdhva Tiryagbhyam is the most
generalized sutra so Urdhva Tiryagbhyam is used in the multiplier. In the existing scheme adder circuit is converted to MUX and
EXOR gate to increase the speed but by using of MUX lot of area was taken so adder circuit only converted to MUX to reduce the
Area. The 8x8 vedic multiplier is consist of 4x4 vedic multiplier and three 8 bit adders. The 4x4 vedic multiplier consist of four
2x2 vedic multiplier and three 4 bit adders. The 2x2 vedic multiplier consist of logic gates and adder circuits. First take 2x2 vedic
multiplier. In this 2x2 vedic multiplier all adder circuits are converted to MUX and EXOR gate. After converting the 2x2 vedic
multiplier the 2x2 vedic multiplier is given to the 4x4 vedic multiplier then in this 4x4 vedic multiplier all adder circuits are
converted to MUX and EXOR gate after finishing the 4x4 vedic multiplier this 4x4 vedic multiplier is given to 8x8 vedic multiplier
then in this 8x8 vedic multiplier all adder circuits are converted to MUX and EXOR gate. To execute the existing scheme of 8x8
vedic multiplier by using Cadence tool. We can do the simulation, synthesize and make a layout design in the Cadence tool. In the
Xilinx timing report only analyzed. So here for analyze the power, area and delay using Cadence tool.In this existing scheme The
total power of the design is 29548.58nW. The total area taken by the design is 1846.08 in the terms of cell area. The total delay of
the 8x8 Vedic Multiplier is 1147.90 ps.

111.PROPOSED 8*8 VEDIC MULTIPLIER INDCT
A. 8x8 vedic multiplier

4x4 vedic mult

4x4 vedic mult

4x4 vedic mult

4x4 vedic mult

using mux using mux using mux using mux
adder using adder using
mux mux
adder using
mux
Q:0)
1 qus4)

Figure 1:Block diagram of 8x8 vedic multiplier

In this vedic multiplier each and every block is converted to MUX to resuce the power and delay of the circuit. The power,delay and
area was analyzed using Cadence tool.

Figure. 2. Schematic diagram of 8x8 vedic multiplier
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Table |
Power Analysis of multiplexer based multipler
Instance Calls Laakage (W) Intemal (ni) Nt (nW) Switching ) o
vmult 8 Eﬂﬁt‘ 2535 765%.80 07493 107285.82 =
¥mut_icsa_fes_add 4144 groupl Y 23546 2553553 TSN.BQ} 353035
it 1 8 L 2 w8 ]
amt it 8 5521 105165 Wfﬂﬁl 154951
ymult_Bivif 2 B% 240 0805 B0
vmult_Byivie 2 % 240 (47 28210
ymul_Bvivitimeme i 187 196.6 51101 10637
vmult_ v m2m3 1 62 677 17.9&‘ 106,74
ymult_Bv1vimi 2 1733 40831 I‘.ﬂﬂi 60483
ymult_Bv1vimiim2 1 1873 31910 145.5!} 4468
vmult_Bvvimi/m3 1 62 6721 529!1‘ 140.15
vmult_Bviviii 1 82 11239 NJBi 19557
ymult_8v1viim2 1 .62 8.2 Eﬂ.ﬂﬂi 13810
ymult_ Bv1/viima 1 .62 14043 Eﬂm‘ 18873
mut Sviviimd 1 “e 825 5% 1017
it Bvin b 5521 1538 50 186416
imutt Bvinai ? n% fILK | 1.3 561
Table Il
Delay Analysis of multiplexer based multipler
Pin Type Fanoul Load (IF) Slew ps) Delay (ps} Atlval {ps]
54210 ADDFX1 1 510 2190 .40
g537.C1 | | 0.00 539.20
0531/CO ADDFX1 1 510 21.30 69,40 60860, F
g5%/Cl .00 60860 |
0536/CO ADDFX1 1 510 27.30 69,40 amm: i
g538CH | [ 0.00] 678.00
95900 ADDFX1 i 510 7.9 6940 u.a Fi
GG _ 1 _ _ om 1
g54/C0 ADDFX1 [ 510 7% 6940 816,60 F
g533/Cl 0.00) 816.80
g533Co ADDFX1 1 510 27.30| 89.40 B886.20 F
gs2/cl 0.00] 886.20
g532/Co ADDFX1 1 510 27.30| 689.40 955.60 F§
g531/cl 0.00 955.60
g531/C0 ADDFX1 3 6.40 hm T2.00 1027.60 F
g2A1 0.00| 1027.60
a2y oAai21X1 3 5.30 39.40/ 38.00 1065.60 R
QB2B/AN 0.00 106560
g526IY NAND2BXL | 350 2.2 320 1098.80 R
0524A | 0.00] 1098.60 o
a4y NANDZXL 1 1.80 2330 1580 11460 F
052180 | 0.00] 114,60
9523y DARIXL 1 0.00 18.00 12.10 1126.70 R
«csa_free_add_41_44_groupi‘out_0{11] | 1 - | |
¥iEl put port 0.00] 126,70 Al
Table 111

Avrea Analysis of multiplexer based multipler

ymit 8 2 20427 000 204,27 <none D)
ymul_Bisaree_atd 41_44 grupl ¥ 08 000 399 Benones )
vl Bt & 116 000 40 fenones o)
Yt B 5 a9 o 390<none o)
w8 7| 128 00 1287cneres 0
Byt 2 128 00 1287 enone> o)
ymlt BYIvIA2ImR | 63 00 B> o
VLB v i 1 a5 000 45lrcres o)
Sl Byt 2 1287 000 1287ere jul
ALYV IR 1 o o B3ennes )
Nmull_BYiAThIm3 1 45 0.00 4.54<nones> o)
a8 imi 1 I i) 5dnone o)
VmaLBYININ2 1 150 00 A5thone o)
Nmuit_Bvinim3 1 45 0.00 4.54<nones .‘D'
Byt 1 I ) 4 enne o
Vit v I ] 00 A&sd'trm; o
it Wt AR L war A 10 AT manae ni

In this Proposed scheme the Total power consumed by MUX based Vedic Multiplier is 30749.13nW. The total area taken by the
design is 2004.27 in the terms of cell area. The total propagation delay of the Vedic Multiplier is 1126.70 ps.
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B. 8x8 vedic Multiplier with Pipelining

Pipelining is used to reduce the delay of the circuit. In this pipelining D Flip Flop is used to proceed the parallel processing in the
circuit. Compare with normal 8x8 vedic multiplier, multiplexer based vedic multiplier give the high speed and low delay with power
efficiency.

Similarly compare with multiplexer based vedic multiplier, pipelined multiplexer based multiplier provide energy efficient ( low
power consumption) and high speed (Less delay)

4x4 vedic mult 4x4 vedic mult 434 vedic mult 4x4 vedic mult
using mux using mus using mux using mux
adder using adder using
fmux mux
I-D- adder using —DJ
mux
30
D Pipelined by using l Q30)
D-FF Q(15:4)

Figure. 3.Block diagram of 8x8 vedic multiplier with pipelining

| Sehematic

Figure .4.Schematic diagram of 8x8 vedic multiplier with pipelining

Table IV
Delay Analysis of multiplexer based multipler with pipelining

9536/C0 ADDFX1 1 5.10 27.30 65.40 507.50 F
gs3r/C ©0.00 507.50
9531/C0 ADDFX1 1 510 27.30 69.40 s77.30 F
gs30/C1 0.00 577.30
9530/C0 ADDFX1 1 5.10 27.30 69.40 645.70 F
g528/C1 0.00 645.70
09528/C0 ADDFX1 1 5.10 27.30 69.40 716.10 F
0528/CI 0.00) 716.10
g528/C0 ADDFX1 1 510 27.30 69.40 785.50 F
gs27/CH 0.00 785.50
9527/C0 ADDFX{ 1 5.10 27.90 65.40 854.50 F
g526/C1 0.00 554.50
9526/C0 ADDFX1 1 5.10 27.30 69.40 524.30 F
g525/C1 .00 524.30
9525/C0 ADDFX1 E 6.40 28.50 72.00 585.30 F
gZA1 ©.00 85.30
g2 oazix1 s 530 39.40 35.00| 1034.30 a|!
g520AN | 0.00| 1034.30
9520/ NANDZBXL 3 3.50 25.20 33.20| 1067.50 R
9S18/A 0.00 1067.50
o518y NAND2XL 1 1.80 23.30 15.80 1083.30 F
0517/B0 0.00 1083.30
9S17Y oAIZIXL 1 0.00 18.00 1210 1095.40 R
csa_tres_add_41_44._groupi/out_0f11]
w151 out port .00, 1095.40 R
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Table V
Power Analysis of multiplexer based multipler with pipelining
amits_pl ‘ 5se| 6483 w;w?.sel 4.‘3.%64‘ 6326663‘
Jmuith_plcsa free_acd_41_44 groupi | M 2346 0.00 0,00 0.00
ymult8_plivi 131 15071.48 14562.70 2676 14889.47
amultB_plivint % 20042 386,65 8571 3723
ymult®_plvi/v1/di 1 181.73 31256 0.00 31256
Jmuite_plviivi2 1 181,73 27952 000 ms
ymulll_plv /v 1/dd 1 181.73 312.56 0.00 31256
ymull®_plivi/vi/dd 1 181,73 180.38 0.00 180.38
Jmultd_pliviv1/ds 1 181.73 345,61/ 0.00 561
Jmultd_plivinim 10 142459 126264 0.00 126264
¢multB_plvinamidt 1 181.73 160.33 0.00 180.35.
Jmultd_plvinin/d2 | 1 181.73 160.33 0.00 180.35.
¢multd_plivinimids | 1 181.73 160.33 0.00 180.38
Ymultd_plvinimn 1 181.73 160.33 0.00 180.38
vmultd_plviniinta2 1 181.73 160.35 0.00 180.38
Jmultd_plvinimmz 6 697.66 541.13 0.00 ERES
ymults ol iviheid] i 181.73 18038 0.00 180.38 =/
Table VI
Area Analysis of multiplexer based multipler with pipelining

mult8_pl ‘ 558 5343.2?| 0.00 5843.2F|-:\\onc; ‘(DI-

muit8_pl/csa tree acd 41 44 groupl k"] 39964 0.00 399 B4<none> D)

mult8_plivi 131 1360.81 0.00 1360.81icnone> D)

muite_piviv1 % 20384 0.00 263.84<none> 10)

rmult8_plivifviidi 1 15.89 0.00 15.89cnones D)

muit8_pliviaid2 1 15.89 0.00 15.89.<nonex 0)

multB_plvtiv /a3 1 1589 000 15,89 cnone> o)

fmult8_piv1Aiod 1 15.89 0.00 15,89<nonex B)

multB_plv i 1 1589 000 1589/<nonex o)

v 0 12489 000 124.83<n0ne> o

multB_pivAATdt 1| 1589 000 1685/cnones )

mute_pUvIv a2 1 1589 0.00 16.85/<none o)

multB_plvtviite 1 1589 000 16 89/<none o)

muite_pivitmmt 1 1589 0.00 15.89<none> o)

muits_ plviatitimtic2 1 1589 000 16,89/<nones 0

muits_plviiiing 6 61.31 0.00 61.31<none> 0)

mult8 olfviv 12 1 15.89 0.00 15.89knone: ()] .

In this Vedic multiplier with pipelining total power consumed by MUX based Vedic Multiplier is 4350.64nW. The total area taken
by the design is 5843.27 in the terms of cell area. The total propagation delay of the Vedic Multiplier is 1095.40 ps.

C. Application of high speed multiplier

For analyse the performance of multiplier which had to be applied in specific application. Discrete Cosine Transform is the one of
the best application of multiplexer. Transform coding constitutes an integral component of contemporary image/ video processing
application. Transform coding relies on the premise that pixels in an image exhibit a certain level of correlation with their
neighbouring pixels. Discrete Cosine Transform has emerged as the image transformation in the most visual system. It is same
family of Fourier Transform.

The block of Discrete Cosine Transform is consist of adder, multiplier and register circuits. Replace the multiplier block by

multiplexer based multiplier with both with pipelining and without pipelining. Then analyse the performance of DCT on basic
parameter such as power consumption, critical path delay and area

[ o

Figure. 5. Schematic diagram of DCT using 8x8 vedic multiplier without pipelining
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Table VII
Delay Analysis of DCT using vedic multiplier without pipelining
| | | |

GIBUA 0.00 1698.50
9161y NAND2XL 1 1.80 20.60| 16.50 1714.50 F
g160'80 0.00 1714.80
G160y DAIZIXL 1 3.80 49.30| 25.50| 1740.70 R

v3/o[3]

g472/B 0.00 1740.70

ge7RrY CLKxOR2X1 2 3.50 18.40 53.40 1794K0 F]
94598 0.00 1794.10

G458y NOR2XL 1 1.80 24.30| 23.80| 1817.90 Al
g456/80 0.00 1817.90

G456y o211 2 3.50 27.80| 18.90 1834.80 G
94538 0.00 1834.80

g45arY NOR2ZXL 1 1.80 25 50| 26.50] 1661.30 Al
945280 0.00 1861.30

G452y AoZ1XL 2 3.50 33.40| 17.10) 1878.40 F
gaasiA 0.00 1678.40

gasry NANDZXL 1 180 20 10| 22.60| 1501.00 Al
geaa/Bo 0.00 1901.00

geaarY joazixc 1 1.70 20.30| 17.90 1918.90 F
1617

ges2aB0 0.00 1818.90

faeszary AoizaxL 1 1.60 34 20| 30.40| 1949.30 Rl

aere7/A 0.00 1949.30

ae787/v NANDAXL 1 0.00 18.20 12.70 1962.00 F]

jasta_out(7] fout port 0.00 1962.00 .

Table VIII
Power Analysis of DCT using vedic multiplier without pipelining

| | | ‘ g
Joct 1649 105543 23 675662.76] 300619.58 579282 34
jactbl 68 2362.20 7518.06| 8167.19 15585.24
jactb2 66 2642.79 8753.56 10316.83 19070.41
oct/ba 66 2642.79 8761.82 11056.06 19817 .88}
Jactiba | & 2362.20 796687 8513.17 16480.04
lactbs | 81 2522 41 17415.63) 14211.51 arez7.14
lact/bs | 61 252241 19076.95| 16754,09 35533.04
Joctba 2 1502.97 2434377 12149.47 36433.24
et | 56 2617.50] 44423 41| 2543552 59858 93]
] | 88 2353.77) 4515256 23652.35 68804.93
Joouv1 | 63 381410 24266.57) 9509.50 33856.45
Joctving | 10] 79572 3707.48| 122576 4533.25)
loctvinana 1 12873 08,62 %79 504.42
Joctvivavami 1 128.73) 408.62] %.79 504.42
lootvi/vavantim2 | 1 126.73 408.62| .79 504.42
Joctvinvava 4 346.72 1464.91| 42182 1886.84
oty 13 17330 gea i 163,85 sz 0if+

Table IX
Area Analysis of DCT using vedic multiplier without pipelining
|

NAND3XL 16} 72.661ast
NOR2BXL 83 376 94fast
NOR2XL 100] 302 76fast
NORJIBXL 2 12.11fast
OAI21X1 10 45,41fast
(CAIZTXL 225 1021.62fast
IOAIZ2XL 7l 42.39fast
[OAIZBB1XL 40 211.93fast
loaI31XL 2 1211fast
loR2x1 5 22.71ast
[SDFFOX1 B4| 1307.921ast
ENOR2X1 48| 382.991ast
XNOR2XL Ll 33.307ast
KOR2X1 31 258.10fast
MORZXL 2] 16.65fast
TOTAL 1648] 10277.19

Figure. 6. Schematic diagram of DCT using 8x8 vedic multiplier with pipelining
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Table X
Delay Analysis of DCT using vedic multiplier with pipelining
1 1 ] I £ | 3 | =
ga7IY NORZBXL 2 3.60| 41.20| “6.00| 917.50 R
gESVAR i 5.00] =
gos3Y NANDZEXL s 7.30) a3.00| 26.70) 964.20 A
ge1sB | 0.00 964 20,
gosY CLIKXOR2X 1 2! 3.60| 18.60| 53.40 1017.60, E
b12/sum(e] | |
geesB | 0.00 1017.60
GReesaY NOR2ZBXL 2 3.60| 40 40/ 35.50 1053.10 R
zess/AN i I i o.00| 1053.10
92855 [NANDZEXL | 2 3.50] 25.20 33.30| 1086.40] R
\oeBas/A [ [ ) [ ©.00| 1086_40|
genasy NANDZXL 1 150 16.50] 15.00| 1102 20, v
geBan B | o.00| 1102.20|
‘g=Baary oAz XL E 3.60| a6.90| 2a.60| 1126.80 "
B i C I
vaagz] I
wasalo] T
massel |
a1e | 0.00| 1126.80
Pl g [AND2x1 | 1 1.70| 13.00| 34.70 Ke1.50 Gl
maiout |
az/cata |
q_reg'D DFFQX1 | ©0.00| 1161.50,
- setun .00l 10330l 1264.00 A
Table Xl
Power Analysis of DCT using vedic multiplier with pipelining
| | v @ | i z
sot_pl | 2617 267191.51 357229.69| 62674.94 42010463
sot_plib1 68 2353.77 6556.00 5017.40 11575.40
1ot _plb2 El 235377 5269 41 499535 10264.76
0t pliod & 235077 6974.23 6198.73 1317296
3ot_plibs C 250,77 7679.33 5585.09 13664.42
*_plibs 83 225024 13064.93 827621 21341.15
ict_plibé 63 2250.24 13533 53| 10116.10 2384984
t_plea 24 1502.97 15313.59 Baaa.18 23757.75
oL pi1 il 261750, 0.00 0.00 0.00
t_pibiz &3 2353.77 0.00 0.00 0.00
3t_piv1 126 13644.65, 16525.439] 0.00 16525.49
oL pIving i 1090.40. 2953 45| 0.00 2263 45
_plivivzva 3 545.20 1411.29 0.00 1411.29
3ot_plvivavaal 1 181.73 536.47| 0.00 536.47
101_pliviv2vaids 1 181.73 694.45| 0.00 694.45
3o1_plvinavant 1 161.73 180.38] 0.00 180.38
o olviV2VIhTiE 1 181,73 180.38] 0.00 180.38 =
Table XII
Area Analysis of DCT using vedic multiplier with pipelining
Z : 4
| i |
IMXI2XL 4 24.22fast
INANDZBXL 80 363.31 fast
INAND2ZXL 23 887.091ast
INAND3IXL 14 63 .58fast
INOR2BXL 89 404, 19fast
INOR2XL 106 320,93 1ast
INOR3BXL 2 12,11 fast
lOAIZIXL 257 1187.14fast
loAIZ2XL 1 6.05/ast
|OAIZBBIXL a0 211,938t
loR2X1 7 31.79ast
SDFFOX1 8 1307.921ast
DXNOR2X1 45 382.991ast
DNDRZXL 4 33.30ast
DORX1 [ 49.951ast
[TOTAL 2617 23675.64

IV.CONCLUSIONS
The proposed scheme provide the low power consumption to achieve energy efficiency and provide less delay to achieve high speed
by altering the existing scheme. Design can be further develop into image compressor which consist sub block of DCT, quantizer

and encoder. By replace the DCT block with DCT by using multiplexer based multiplier provide energy efficient and high speed
performance.

Parameter DCT using multiplexer DCT using multiplexer
based multiplier without based multiplier with
pipelining pipelining
Power in nW 303619.13 62874.94
Delay in ps 1962.00 1264.80
Area in cell 16277.19 23875.65
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