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Abstract: Speed and occupational area are key in RISCs (Reduced Instruction Set Computers), DSPs (Digital Signal Processors).
Knowing that most of the operations involved in processing signal are multiplications since fundamental process in communication
“modulation” is multiplication. This paper introducing architecture to perform high speed multiplication using one of the methods
“Urdhva-tiryakbhyam™ from Vedic maths technique. Here in this a 4:2 compressor, 7:2 compressors and 15:2 compressors technique
are used to increase speed. Upon comparison, the compressor based multiplier has improvement in speed and area with some stranded

methods like array and booth
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1. Introduction

Stranded methods like array and booth techniques are
suffering from lack of speed. Most of the techniques will not
have more concentration on effective resource utilization in
terms of using less LUT’S or not using a better LUT which
is suitable for most of operations. If we cut down number
LUT’S usage will decrement architectural space (area).

In concern to speed they suffer with one waiting for carry,
two large number of intermediate partial products, three lack
of n-bit adders led to large consumption time. If there is a
method which can produce products with less independent
on waiting for carry, intermediate partial products and good
n-bit adder can improve operational time of multiplier
(speed).

Vedic mathematics fulfilling above needs. Vedic
mathematics are come to live by one of popular
mathematician, sir Bharati Krishna Tirthaji. He explained
total techniques into 16 different simple methods known as
sutras. In this paper, one method from total 16 namely
Urdhva-tiryakbhyam which suitable for our present
engineering  scenario is selected with additional
improvement of compressor for n-bit addition to improve
speed as well as reduction in size.

2. Vedic Mathematics
Urdhva-tiryakbhyam

This is one of technique to perform multiplication in easy
way taken from ancient Vedic mathematics. This is a
Sanskrit word resembles a meaning of urdhva as vertical,
tiryakbhyam as crosswise. Here in this method multiplier
and multiplicand bit are multiplied, in vertical and crosswise
as shown in fig 1 for a 3 bit number
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Figure 1: Multiplication process in urdhva tiryakbhyam

In this paper proposed method multiple two 16 bit numbers,
which has equations as shown below

pO=a [0]&b[0] 1)
pl=a [0]&b[1]+a[1]&b[0] @)
cp2=a[0]&b[2]+a[1]&b[1] +a[2]&b[0]------------ 3)
p3=a[0]&b[3]+a[1]&b[2]+ a[2]&b[1]+a[3]&b[0]-(4)
p4=a[0]&b[4]+ a[1]&b[3] +a[2]&b[2]+ a[3]&b[1]+
a[4]&b[0 ] (5)
cp5=a[0]&b[5]+ a[1]&b[4] +a[2]&b[3]  +a[3]&b[2]
+a[4]&b[1] +a[5]&b[0] (6)
p6=a[0]&b[6]+ = a[l]&b[5] +a[2]&b[4]  +a[3]&b[3]
+a[4]&b[2] +a[5]&b[1] +a[6]&D[0]----------------- @)
p7=a[0]&b[7]  +a[l]&b[6] +a[2]&b[5]  +a[3]&b[4]

+a[4]&b[3]+a[5]&b[2] +a[6]&b[1] +a[7]&b[0]--(8)

p8=a[0]&b[8] +a[1]&b[7] +a[2]&b[6] +a[3]&b[5]+a
[4]&b[4] +a[5]&b[3] +a[6]&b[2] +a[7]&b[1]+a[8]&
b[0] 9)

p9=a[0]&b[9]  +a[1]&b[8]  +a[2]&b[7]  +a[3]&b[6]
+a[4]&b[5] +a[5]&b[4] a[6]&b[3] +a[7]&b[2] +a[8]&b[1]
+a[9]&b[0] (10)

pl0=a[0]&b[10]+ a[1]&b[9] +a[2]&b[8] +a[3]&b[7]
+a[4]&b[6] +a[5]&b[5] +a[6]&b[4] +a[7]&b[3] +a[8]&b[2]
+a[9]&b[1]+a[10]&b[0]-------------- (11)

pll=a[0]&b[11]+a[1]&b[10] +a[2]&b[9] +a[3]&b[8
] +a[4]&b[7] +a[5]&b[6] +a[6]&b[5] +a[7]&b[4]+
a[8]&b[3] +a[9]&b[2] +a[10]&b[1] +a[11]&b[0](12)
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p12=a[0]&b[12]+ a[1]&b[11] +a[2]&b[10] +a[3]&b[I]
+a[4]&b[8] +a[5]&b[7] +a[6]&b[6] +a[7]&b[5] +a[8]&b[4]
+a[9]&b[3] +a[10]&b[2] +a[11]&b[1] +a[12]&b[0] ----------

pl3=a[0]&b[13] +a[1]&b[12]+ a[2]&b[11] +a[3]&b[10]
+a[4]&b[9] +a[5]&b[8] +a[6]&b[7] +a[7]&b[6] +a[8]&b[5]
+a[9]&b[4] +a[10]&b][3]

+a[11]&b[2] +a[12]&b[1] +a[13]&b[0]--------- (14)

p14=a[0]&b[14]a[1]&b[13]+a[2]&b[12]+a[3]&b[11]
+a[4]&b[10] ~ +a[5]&b[9]  +a[6]&b[8]  +a[7]&b[7]
+a[8]&b[6]  +a[9]&b[5]  +a[10]&b[4]  +a[11]&b[3]
+a[12]&b[2] +a[13]&b[1]+a[14]&b[0]------------ (15)

pl5=a[0]&b[15]+ a[1]&b[14] +a[2]&b[13] +a[3]&

b[12] +a[4]&b[11] +a[5]&b[10] +a[6]&b[9] +a[7]

&b[8] +a[8]&b[7]+a[9]&b[6]+a[10]&b[5]+a[11]

&b[4] +a[12]&b][3] +a[13]&b[2] +a[14]&b[1] +a[15]&b[0]-
(16)

p16=a[15]&b[1] a[14]&b[2]+ a[13]&b[3] +a[12]&
b[4] +a[11]&b[5]+a[10]&b[6] +a[9]&b[7] +a[8]&
b[8] +a[7]&b[9] +a[6]&b[10]+a[5]&b[11]+a[4]
&b[12] +a[3]&b[13] +a[2]&b[14] +a[1]&b[15] -(17)

p17= a[15]&b[2] a[14]&b[3] +a[13]&b[4] +a[12]&
b[5] +a[11]&b[6] +a[10]&b[7] +a[9]&b[8]+a[8]&
b[9] +a[7]&b[10]+a[6]&b[11]+a[5]&b[12]+a[4]&

b[13] +a[3]&b[14] +a[2]&b[15] ----------------- (18)
p18=a[15]&b[3] +a[14]&b[4] + a[13]&bI[5]
+a[12]&b[6]+a[11]&b[7] +a[10]&b[8] +a[9]&b[9]
a[8]&b[10] +a[7]&b[11] +a[6]&b[12] +a[5]&b[13]
a[4]&b[14]+a[3]&b[15] (19)

pl9= a[15]&b[4] +a[14]&b[5] +a[13]&b[6] +a[12]&b[7]
+a[11]&b[8] +a[10]&b[9]+ a[9]&b[10] +a[8]&b[11]
+a[7]&b[12] +a[6]&b[13] + a[5]&b[14] +a[4]&b[15]+ ------
------------------- (20)

p20= a[15]&b[5]+ a[14]&b[6] +a[13]&b[7] +a[12]
&b[8] +a[11]&b[9]+a[10]&b[10]+a[9]&b[11]+a[8]
&b[12]+a[7]&b[13] +a[6]&b[14]+a[5]&b[15]---(21)

p21=a[15]&b[6] +a[14]&b[7] +a[13]&b[8] +a[12]
&b[9]+a[11]&b[10]+ a[10]&b[11] +a[9]&b[12]
+a[8]&b[13] +a[7]&b[14] +a[6]&b[15]--------- (22)

p22=a[15]&b[7] +a[14]&b[8] +a[13]&b[9] +a[12]
&b[10] +a[11]&b[11] +a[10]&b[12] +a[9]&b[13]
+a[8]&b[14] +a[7]&b[15] (23)

p23= a[15]&b[8]+ a[14]&b[9] +a[13]&b[10] +a[12]
&b[11] +a[11]&b[12] +a[10]&b[13] +a[9]&b[14]
+a[8]&b[15] (24)

p24=a[15]&b[9] +a[14]&b[10] +a[13]&b[11] +a[12]
&b[12] +a[11]&b[13] +a[10]&b[14] +a[9]&b[15]-------------
(25)

p25=a[15]&b[10] +a[14]&b[11] +a[13]&b[12]
+a[12]&b[13] +a[11]&b[14] +a[10]&b[15]+ ----(26)

p26=a[15]&b[11] +a[14]&b[12] +a[13]&b[13]
+a[12]&b[14] +a[11]&b[15] @7)
p27=  a[15]&b[12]+  a[14]&b[13]  +a[13]&b[14]
+a[12]&b[15] (28)

p28=a[15]&b[13] +a[14]&b[14] +a[13]&b[15]--(29)

p29=a[15]&b[14]+a[14]&b[15]------r--nmemmeco- (30)

p30=a[15]&b[15] (31)
3. Compressor Adder

3.1 Compressors

A compressor adder is a logical circuit which can add 4 bits
at a time with previous carry which increases speed of
operations. Here half adder and full adder are replaced with
compressor for the addition of partial products which plays
key role to enhance speed of operations. Block diagram for
it is as shown in fig 2. and architecture is as shown in Fig: 3.
proposed architectures an equivalent circuit, using full
adders and half adders is as shown in fig 4.
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Figure 2 4:2: compressors: block diagram
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Figure 3 4:2: Compressors proposed architecture:
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Figure 4 4:2: Compressors with half and full adders:

Let us consider the propagation delay of a gate to be 1ns. It
is well known that a full adder has a total propagation delay
of 2tp and a half adder has a propagation delay of tp.
Considering this, the total propagation delay of a 4:2 adder
using full adders and half adders can be calculated as 5tp
and can be seen in Fig.4. On the other hand, it can be seen
from Fig. 3. that the propagation delay of a 4:2 compressor
remains only 3tp.Therefore, a 66.6% increase in speed can
be recorded in comparison with an equivalent circuit made
of full and half adders, proving to be a highly efficient
architecture for addition.

3.2 Compressors

Similar to its 4:2 compressors, the 7:2 compressors as shown
in Fig. 5. is capable Of
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Figure 5 7:2: compressors: block diagram
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Figure 6 7:2: Compressors Proposed Architecture

Adding 8 bits of input and 2 carry’s from the previous
stages, at a time. It is constructed from two 4:2 compressors
block diagram is show in fig: 5 and architecture is show in
fig: 6.

15:2 Compressors:

Similar to its 4:2 and 7:2 compressors, the 15:2 compressors
as shown in Fig. 7, is capable of adding 16 bits of input and
4 carry’s from the previous stages, at a time. It is constructed
from two 7:2 compressors block diagram is show in fig: 7
and architecture is show in fig: 8
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Figure 7 15:2: compressors: block diagram
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Figure 8 15:2: compressors proposed architecture:

4. Compressor Based Urdhwa Multiplier

As mentioned in Section Il, the multiplier based on Urdhwa
method of multiplication requires several full adders and
half adders to add the necessary partial products. This in turn
leads to a large propagation delay due to the reasons
explained in the previous section. The compressor based
Urdhwa multiplier requires only 12 parallel stages as
opposed to 15 which was in the case of the conventional
Urdhwa Tiryakbhyam multiplier. This is a major
improvement with respect to high speed multiplier design.
Also, it can be seen that, many of the stages have now been
reduced to a logical XOR operation, with an initiative to
reduce area. An analysis on the area and speed occupied by
the new design is compared with other multiplication has
been presented in the next section.

5. Results

In order to perform a comparison, Urdhwa multiplier and the
compressor based Urdhwa multiplier were implemented on a
Xilinx Spartan 3e — XC3S100E FPGA using Verilog as the
RTL language with the help of Xilinx Project Navigator
10.1. The codes were synthesized. Optimized speed and area
parameters were compared. The Spartan 3e FPGA used for
the experiments has a speed grade.

It can be clearly noted from Table I., that in term of speed,
the compressor based Vedic maths multiplier performs
exceptionally well and is nearly 1.5 times faster than the
existing Vedic maths based multiplier. This method also
provided an improvement of area up to 3%.

Table 1: comparison of area occupied and speed of various
multiplier architectures

. %o of aren | Tine
Algorithm occupied | (1s)
Army[3] 2% 2178
Fadiz-2 modified Booth algorithm[5] I (3060
Ut dtrem- Tny‘akhh}.ram Tog 30.51
Cotrpressor based Urdlraa
Tirvakbhvamwith full and halfadder | 6% [27.26
Conyressor hased Urdires
Tiryakhhyam with proposed 5% 26.51
archutecture =~

6. Conclusion

In this paper, we have proposed high speed Architecture for
multiplication of two 16 bit numbers, combining the
advantages of compressor based adders and also the ancient
Vedic maths methodology. New 15:2 compressor
architecture, based on 7:2 compressor architecture was also
discussed. We can conclude that the compressor based
Vedic maths multiplier proves to be a better option over
conventional multipliers used in several expeditious and
complex VLSI circuits. As a future work, the multiplier’s
performance could be tested within an ALU and also
compared with several other existing multipliers.
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