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Kon'nichiwa & Introduction

* The 64-bit binary Vedic Multiplier uses Urdhva Tiryakbhyam
sutra (algorithm) discovered by Scientist Bharati Krishna Tirtha
(1884-1960)

s BAEYRNAF ) FHRFRE. HEEBEN—ST1- 09U )
T4)L5(1884-1960) [CK>THEEINI=VILEI 7 T4) NV IEY
Lo ZA—FS(PILTAVAL)EERALET,

« A 64-bit multiplier using this algorithm shows improved
efficiency and performance, crucial for Arithmetic Logic Units In
processors, multi-core systems, and Digital Signal Processors
(DSPs) and significantly reduces computational steps,
enhancing Power, Timing, and Area (PTA) metrics
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Continued...

 The sutra iIntroduces a fixed pattern novel “vertically and
crosswise” “and” and then concatenation operation to calculate
partial products and add all those vector values with padded
zeros to get final product, thereby simplifying multiplication and
reducing computational complexity.

T, BRI OFLNHHEIOT LT S B EEE Y
AL, BABEHEL. TRTORIM LB EOEEHAA TR
BHEBRLHC LT, RAEMEILL. HEOEBSEBRLTVET.
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Motivation

 Vedic Multipliers offer a novel, precise alternative for computation in design
frameworks, addressing limitations and reducing critical errors In
conventional methods.

* Most Vedic Multipliers in industry develop base components for 4-bit, 8-bit,
16-bit Vedic Multiplier then 32-bit and 64-bit Vedic Multipliers are used
using these component as libraries. 2R DIFEAEDTI—F FEER (L. 4
Evk.8EvYr 16EVrDII—FFERDERIVR—RUMERFEL. D
DAVR—RUbETATIYELTHERLTI2EVR S XUB4E VDI T—H F
BaEMERASNET,

* This leads to more power usage, higher area and lesser speeds.

* The Industry needs a more fundamental Vedic Multiplier with pure and
native implementation of the algorithm (ZIL3JXLDRAT1TEE) for
scalable to larger bit operations as well as save power, area and increases
Speed.
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Algorithm for Partial Product (aﬂld:EIZFEE...)

* The steps shown in Figure 1 is | ( Step1
used to calculate partial | et o LS8 and mlie vericaly |
product for Vedic | |

’ {
Multi P lication : which Is same Crosswise multiply the incremental/decremental bits | Stff’z
for even, also multiply vertically for the middle bit for =~

for binary number or decimal | the odd ill al bits are covered ) s

number multiplication. , | Step3
R : " Dropthe LSB's and crosswise muftiplythe

FL_thher We_ will d_emonStrate increment/decrement bits for even, also multiply

this for 4-bit Vedic vemcally for the middle bit for the odd till only the MSB

C : : , remain

Multiplication and using the

same |ogic we can go to 64-bit Figure 1: Steps in Vedic Multiplication to

Vedic I\/Iultiplication calculate partial product
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HABOF7ILITYVX L
ATYT1: LSBHMLIEO TEEIZH
T&ET 5

ATYT2: BHDIBEEITESEY
RERIZEREL. FHOEEIE
FROEVFEFEELTIRTD
EVvEDAN—2NBETEELFET
ATv73: LSBZHIRL. E#E vk
DIEDIFEAE vhERE A EIZH T
EhteE. . FHEVrORRE Y At
A RIZENTEHETMSBIZ(THV5E
BFETHITEDOEET,

" | ' Step 1
| Start from LSB and multiply vertically o
Crosswise multiply the incremental/decremental bits Stf'_)z
for even, also multiply vertically for the middle bit for =~
the odd fill all bits are covered ) e
_ Step3

Drop the LSB's and crosswise multiplythe
increment/decrement bits for even, also multiply
vertically for the middle bit for the odd till only the MSB
':. remain

Figure 1: Steps in Vedic Multiplication to
calculate partial product
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Vedic Multiplication for 4-bit

1. Partial Product .
* The steps involved In - -
Figure 1 for partial
product which is for both

decimal and binary
numbers are now

llustrated by a line R
PN

diagram for 4-bit binary

multiplication and is B

shown in Figure 2 to

calculate partial product - o Line di for the native Urdh
. . L igure Z: Line diagram 1or the native uranva
which is denoted by K Tiryagbhyam 4-bit algorithm.

vectors.
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Continued...

After crisscross and
vertical “and operations” | *[®) = alel &blel;

on both of the 4-bit binary | k11 = {(a[e] & b[1]) , (a[1] & bleD)};
numbers i.e. ‘a’ and ‘b’, k[2] = {(a[0] & b[2]) , (a[1] & b[1]) , (a[2] & b[e])};
every combination is
placed using

k(3] = {(ale] & b[3]) , (a[1] & b[2]) , (a[2] & b[1]) , (a[3] & b[6])};

. . k[4] = {(a[1] & b[3]) , (a[2] & b[2]) , (a[3] & b[1])};
concatenation Operatlon
in different “k” values (E k[5] = {(a[2] & b[3]) , (a[3] & b[2])};
GAHTKIETOEFEER) | M6l - GBIk,
according to the Urdhva Figure 3: K values for 4-bit Vedic Multiplier to generate
Tiryakbhyam sutra Partial Product
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Continued...

2.Concatenation of Partial Products

« Then after calculating all s[0] = {k[6][0],k[5][0],k[4][0],k[3][@],k[2][@],k[L][e],k[@][0]};
the k values the ‘s’ vector
is formed by s[1] = {100, k[5][1],k[4][1],k[3][2],k[2][1],K[1][1],1"b8};
concatenating specific bits
from sequence of partial s[2] = {1'b0,1'b0,k[4][2],k[3][2],k[2][2],1"bO,1 bO},
products ‘k’, ensuring

correct alignment and s[3] = {1'b0,1'b8,1'be,k[3][3],1'be,1'b0,1'bo};
padding.

Figure4. Individual bit concatenation of criss-cross
multiplication for 4-bit Vedic Multiplier.

accellera 2024 /08 / 29



Continued...

« Each ‘s[i]' corresponds to a distinct bit position in the output, ranging from
the least significant bit (‘s[0]’) to the most significant bit (‘s[3]) for 4-bit
Vedic Multiplier.

* The code strategically includes 1'b0O" values to maintain proper alignment
and padding within the final output structure, optimizing the computational

process. (A—RIS(E, HEMEHNBERNTEYVGEEL/NT 10T L.
AFE7OERZHREIETESALOIC, HIEEHIIZ 100" ENEFNTLVET )

 The concatenation operation is also exclusively used to ensure precise
alignment throughout this process.

3. Result (product of ‘a’ and ‘b’) for 4-bit multiplication
= s[0] + s[1] +s[2]+ s[3];
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Vedic Multiplication for 64-bit

1. Partial Product

k[e] = {a[0] & b[o]};

ooooooooooooooooooooooooooooooo

k[e3] = { (a[@] & b[63]) , (a[1] & b[62]) , (a[2] & b[61]) , (a[3] & b[60]) , (a[4] & b[59]) , (a[5] & b[58]) , (a[6] & b[57]) , (a[7]
& b[56]) , (a[8] & b[55]) , (a[9] & b[54]) , (a[1@] & b[53]) , (a[11] & b[52]) , (a[12] & b[51]) , (a[13] & b[50]) , (a[14] & b[49]) ,
(a[15] & b[48]) , (a[16] & b[47]) , (a[17] & b[46]) , (a[18] & b[45]) , (a[19] & b[44]) , (a[20] & b[43]) , (a[21] & b[42]) , (a[22] &
b[41]) , (a[23] & b[46]) , (a[24] & b[39]) , (a[25] & b[38]) , (a[26] & b[37]) , (a[27] & b[36]) , (a[28] & b[35]) , (a[29] & b[34]) ,
(a[30] & b[33]) , (a[31] & b[32]) , (a[32] & b[31]) , (a[33] & b[30]) , (a[34] & b[29]) , (a[35] & b[28]) , (a[36] & b[27]) , (a[37] &
b[26]) , (a[38] & b[25]) , (a[39] & b[24]) , (a[40] & b[23]) , (a[41] & b[22]) , (a[42] & b[21]) , (a[43] & b[20]) , (a[44] & b[19]) ,
(a[45] & b[18]) , (a[46] & b[17]) , (a[47] & b[16]) , (a[48] & b[15]) , (a[49] & b[14]) , (a[50] & b[13]) , (a[51] & b[12]) , (a[52] &
b[11]) , (a[53] & b[16]) , (a[54] & b[9]) , (a[55] & b[8]) , (a[56] & b[7]) , (a[57] & b[6]) , (a[58] & b[5]) , (a[59] & b[4]) , (a
[60] & b[3]) , (a[61] & b[2]) , (a[62] & b[1]) , (a[63] & b[0]) };

ooooooooooooooooooooooooooooooooo

k[126] = { (a[63] & b[63]) };

Figure 5: Snippet for range of K values for 64-bit Vedic Multiplier to generate Partial Product
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Continued..

« Using the same Urdhva Tiryagbhyam sutra (algorithm) we have
generated partial product values i.e. 'k’ for 64-bit native Vedic
Multiplier as shown in Figure 5 previous slide (X5 51D X Z A4 ).

« By following the same three steps that are discussed above In

Figure 1 (slides 5/6), we have the 'k’ vector for 64-bit as:

* In the Figure 5 starting from k[O] value that is vertically ‘and’ operation
on the LSBs (K[O]/ZLSBIZX L TEEIZ [AND| BB I N/-ETH 3).

 The middle value k[63] in which we are covering the crisscross ‘and
operation’ for all of the 64 bits and then combine them using the
concatenation operation (64t FIARTICH LT [ANDEE| 2XE
S8, ERBERTZFEHALTHESY 5).

* In the final step that is k[126] value, which is the vertically ‘and’
operation on the MSBs (MSBDOEE A D [AND] EE).
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lnued
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Figure 6: Extreme values for individual bit concatenation of partial product vector in 64-bit Vedic
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1'b0,1'b8,1'b0,1'b8,1'b0,1'b0,1'b8,1'b0,1'b8,1'b0,1'b0,1'b8,1'b0,1'66,1'b6,1'b0,1'b0,1'b0,1'66,1'b6,1'b0,1'b0,1'b8,1'60,1°b6,1'b0,1'b0,1'b8,1'b0, 1" b

,1'b0,1'b8,1'b6,1'b0,1'b0,1'b0,k[63][63],1'b6,1'b0,1'b8,1'b0,1'b8,1'b6,1'b0,1'b8,1'b8,1'b0,1'b6,1'b0,1'b0,1'b8,1'b0,1'b8,1'b0,1'b0,1'b0,1'b0,1'b8,
1'b,1'b8,1'b6,1'b8,1'b0,1'b0,1'b8,1'b6,1'b8,1'b8,1'b,1'b8,1'b8,1'b6,1'b6,1'b,1'b0,1'b8,1'b6,1'b6,1'b,1'b0,1'b8,1'b6,1'b6,1'b0,1'b0,1'b8,1'b0,

20
]
[
[
[
[
[
[
s[63] = {1'b0,1'b8,1'b0,1'b,1'b0,1'b8,1'b6,1'b@,1'b0,1'b,1'b8,1'b8,1'b8,1'b0,1'b,1'b8,1'b8,1'b8,1'b0,1'b0,1'b0,1'b8,1'b8,1'b8,1'b0,1'b0,1'bA,
1'b@,1'b8,1'b6,1'b6,1'b8,1'b,1'b0,1'b8,1'b8,1'b8,1'b0,1'b0,1'b0 };

WMo b L L

2.Concatenation of Partial Products

Cont
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Continued..

* Concatenation of individual bits of partial product formed using

crisscross multiplication Is now used to form “s” vector for further
process.

* Figure 6 Illustrates the snippet showing the initial and last value of
'S’ vector.

« Each ‘s[i]' vector Is formed by placing ‘k[x][y] vectors at a specific
position (B Is[ilJRIRILIE., TKX][YUIRIRILEFED R EIZEEE T 5
EIZETRAEN S, ) which is defined as:

* K[x]: [Concatenation of all the ‘k’ values in the descending order and
placing ‘I’ number of zeros at MSB and LSB]

* Kly]- kli]
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Continued..
3. Result (product of ‘a’ and ‘b’) for 64-bit multiplication

« These ‘s’ vectors, collectively contributing to the final product. As shown
In figure 7, the final product of two 64-bit numbers ‘a’ and ‘b’ is achieved
by adding all the ‘s’ vectors 22064t v b4 [al & (bl ODEBRHILIE
F. ITRNTD [s] R PMLZEMETHZLICL>TEONS, )

Product of two 64 bit binary number = s[@] + s[1] + s[2] + s[3] + s[4] + s[5] + s[6] + s[7] + s[8] +
s[9] + s[10] + s[11] + s[12] + s[13] + s[14] + s[15] + s[16] + s[17] + s[18] + s[19] + s[20] + s[21] +
s[22] + s[23] + s[24] + s[25] + s[26] + s[27] + s[28] + s[29] + s[3@] + s[31] + s[32] + s[33] + s[34]
+ s[35] + s[36] + s[37] + s[38] + s[39] + s[40] + s[41] + s[42] + s[43] + s[44] + s[45] + s[46] + s
[47] + s[48] + s[49] + s[50] + s[51] + s[52] + s[53] + s[54] + s[55] + s[56] + s[57] + s[58] + s[59] +
J[60] + s[61]+ s[62] + s[63];

Figure 7. Result for multiplication of 64 bit numbers using ‘s’ vector
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RESULT

The multiplication of ‘a° and ‘b, with decimal values of
18,446,744,073,394,194,650 and 18,446,744,072,077,428,285
respectively, yields the product ‘re =
340,282,366,885,013,792,836,538,441,420,705,675,250’. Figure 8
confirms the consistency of this result using Vedic multiplication for
64-bit numbers with binary representations of ‘a’ and ‘b’.

re = LT T ouna L 1 ara T 1001111001071 1000011100 10gLoqL0utaTian1oavaouiaLonlonbaaryLoaraLiar LT 1oene

Figure 8: Simulation result Window
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RESULT Continued..

« The Vedic multiplier outperforms traditional designs
with fewer gates, optimizing logic for scalability and
cost-efficiency. It achieves superior area efficiency,
maximizing IC space, and advances In power
consumption for sustainable computing.

Parameter | Booth encoded Modified

SEICE Booth Encoding | Multiplier
multiplier Multiplier

20557 17196 4604

m 102183 85983 23183
m 13.7 12.1 3.24
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APPLICATION

 Digital Signal Processing: Improves signal manipulation speed
and accuracy, benefiting telecommunications and multimedia.

* Image Processing: Efficiently handles large datasets, and speeds
up image transformation in medical imaging and computer vision.

* Cryptography: Ensures quick, secure multiplication for stronger
financial transaction and communication encryption.

« Communication Systems: Facilitates seamless signal and data
stream processing, enhancing network transmission efficiency.

* Overall Impact: The Vedic multiplier promises significant

advancements In computational efficiency and digital system
performance.

accellera 2024 /08 / 29




Conclusion

* Unlike conventional Vedic Multipliers in the industry, which use base
components for 4-bit, 8-bit, and 16-bit designs that are scaled up to
32-bit and 64-bit using these components as libraries, our
Innovative architecture achieves a distinct advantage by reducing

oropagation delay to just a two-step process ({GIEEILEE1HT H2E%

BHDTOvXIZ5ERR).

* Physical synthesis results demonstrate that the proposed Vedic
multiplier architecture is three times (3[8]) more efficient than the
comparable Booth architecture.

* Our Vedic Multiplication outperforms existing methods by offering
lower power consumption, smaller area requirements, and faster
operation speeds (lower delay).
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