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ABSTRACT: The performance of multiplication is very important in terms of speed and power in DigitalSignal
Processing (DSP) applications. In general the multiplication in terms of more numberof bit require a lot of time and
even the speed of the multiplication gets reduced .To over -come this we design a 16x16 multiplier in this paper. Here
the multiplication of 2 multiplierbits each bit consist of 16 input bits individually are taken and produce a 32 bit
output.However ,for the present day application Vedic Multiplier based on Vedic Mathematics arepresently under focus
due to their low power consumptions and less delay product .In thispaper we propose a design of 16 bit multipliers
using 4 multipliers each multiplier consist of2bitswhich consist of 8 bits each as input and obtain an output of 32 bits.
In this paper we usedifferent types of fast adders such as Carry Save Adder, Carry Select Adder, Brent KungAdder.
This paper is even implemented on Z-Board using vivado 15.2 software

I. INTRODUCTION

The Primary objective of a digital circuit design is to optimize for speed, area, power and energy. While it's a challenge
for circuit designers, to achieve this optimization without compensating for one or the other parameters mentioned
above. Certain design techniques, algorithms and smarter planning of the available resources have proven to be
successful to achieve the level of optimization required for much higher efficiency. Arithmetic Logic Unit (ALU) being
the driving component of a processor, optimizing its module for speed and power becomes quite inevitable. Many
previously published technical papers have emphasized the use of reversibility in circuits design for reduction in power
dissipation, while successfully demonstrating the same. However

this reduction in power was also followed by significant reduction in speed as well as increase in chip area. Hence
smarter algorithm and logic design was required to speed up the execution of a logic module. With this reference,
"Vedic Algorithm' technique was utilized to pave way for faster execution.

While there are as many as 16 techniques (sutras) in the Vedic algorithm, the proposed design will implement
multiplier using the popular Urdhva method (Urdhva Triyambakam) along with certain improvisation while designing
the same. The conventional way of implementing the multiplier would have involved series of AND gates and adders to
get the required output while incurring significant delay. The Vedic algorithm provides a faster way to get through the
output with less number of logical elements involved, thereby reducing the delay while effectively increasing the speed
of processing the output.

Multipliers play an important role in many DSP applications such as convolution, Fast Fourier Transform (FFT),
Discrete Cosine Transform (DCT) and filtering. The speed of the DSPs largely depends on the multiplier block. This in
turn increases the demand for high speed multipliers. Over the past few years, many researchers have developed
various multipliers using several algorithms such as array, Booth, carry save, Wallace tree and modified Booth
algorithms. A number of multiplier architectures also have been proposed based on these algorithms that include
parallel, serial and serial-parallel multipliers.

In an array multiplier, multiplication is based on shift and adds. The partial product is generated by the multiplication of
the multiplicand with one multiplier bit. The partial product are shifted according to their bit orders and then added
with carry propagate adder. Array multiplier is easy to design due to its regular structure. However, the main
disadvantage of the array multiplier is that as the width of the multiplier increase the delay becomes more. This is
because the worst-case delay of the multiplier proportional to the width of the multiplier.

The delay of the multiplier is further reduced by the arrangement of adders using Carry Save Array (CSA) method and
a Wallace tree adder method. In CSA method, every carry and sum signal is passed to the adders of the next stage. The
final product is obtained in a final adder by using fast adder (Carry Look ahead Adder). The CSA multiplier has regular
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structure to design but, there is some difficulty in achieving high speed. In the Wallace tree method, the partial product
bits are summed up in parallel by means of a tree of carry save adders. The main advantage of this method is that, it
achieves high speed operation.

However, in Wallace tree method the circuit layout is complex and has irregular wires. The major improvement in the
multipliers is by reducing the number of partial products generated. The Booth multiplier and modified Booth encoded
Wallace tree (MBW) is such multiplier that, reduces the number of adders. However, the multiplication process
involves various intermediate operations that include comparisons, additions and subtractions which reduce the speed
as the width of multiplier and multiplicand increases.

In order to overcome the disadvantage with respect to speed of the aforesaid algorithms, and presented a new multiplier
design approaches based on Vedic Mathematics. The partial products are calculated in advance and then added based
on the Vedic Math approach to obtain the final product. Furthermore to enhance the speed of multiplier, in authors have
presented new designs, where the partial products are added by using ripple carry adder, carry save adder and carry
look ahead adder. In, a compressor based Vedic multiplier (CVM) has been designed, to further enhance the speed by
replacing the full adders and half adders with compressors.

Vedic Multiplier:

The circuit uses the proposed 2-bit semi reversible multiplier gate which uses lesser number of control input pins, lesser
area and produces lesser number of garbage outputs compared to the 2-bit multiplier made using basic reversible gates.
The four bit inputs are split into two parts of 2-bit each. For multiplication of 4-bit inputs, four 2-bit multipliers and
three adders are required. Each part of input is multiplied with each part of the other input using the four 2-bit
multipliers. This technique is represented in the following diagram.\
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Figl: 1-bit Vedic Multiplier

The last two bits of product of a [1:0] and b [1:0] is assigned to output q [1:0]. The first two bits are added to the
product of a [1:0] and b [3:2]. The product of a [3:2] and b [1:0] is added by the left shifted by 2-bit product of a [3:2]
and b [3:2].

The result of these two additions is added to get output bits q [7:2]. This approach of multiplication is based on the
Vedic technique of multiplication called Urdhva Triyambakam Sutra. Multiplication of higher bits can be done in the
similar manner. This multiplication technique is faster than any of the conventional multipliers and other Vedic
multipliers. This technique uses less number of computational steps to get the result. Since an optimized 2-bit semi-
reversible is used area has been reduced compared to the previous Vedic multiplier.

Urdhva Tiryakbhyam

This sutra is based on “Vertically and Crosswise” technique. It makes almost all the numeric computations faster and
easier. The advantage of multiplier based on this sutra over the others is that with the increase in number of bits, area
and delay increase at a smaller rate in comparison to others. In Fig. 1, this method is illustrated with the multiplication
of two decimal numbers 325 and 738. The numbers of steps in the process depend upon the number of the digits being
used. Digits on the two ends of the lines are multiplied and resultant is added to the carry from previous step. When the
number of crossing lines in a single step is greater than one then they all are added along with the previous carry. After
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this, only the least significant digit of the resulting number is taken as product digit and rest are considered as carry
digits. Initial carry is taken as zero.

STEP 1 STEP 2 STEP 3
3235 Result =4 0 3 Result=31 5 Result =6 5
| PrevCarry = 0. Prev.Carry = _4 l’rw Carry =
738 0 35 738 b 8
- e
Carry = 4 Carry =3 Carry =6
STEP 4 STEP §
335 Result=23 325 Result=21
rev.Carry = 6 prevCarry = 2
38 9 738

9850 &{ _/’5
Carry =2
Figure 2: Multiplication of two decimal numbers using Urdhva Tiryakbhyam

IMPLEMENTATION OF 2X2 BITS VEDIC MULTIPLIER

It is clear that the basic building blocks of this multiplier are one bit multipliers and adders. One bit multiplication can
be performed through two input AND gate and for addition, full adder can be utilized. The 2 x 2 bit multiplier is shown
in figure 4

CLK

—

Q_OUT (3:0) Z::>
> AIN®0) [ 2x2VEDIC MUL
— >

B_IN(1:0)

Figure 3: Block diagram of 2x2 Multiplier.

Let’s take two inputs, each of 2 bits; say A1A0 and B1BO0. Since output can be of four digits, say Q3Q2Q1Q0. As per
basic method of multiplication, result is obtained after getting partial product and doing addition.

Al A0

X B1 B0

A1B0 AOBO

A1B1 AOBI

Q3Q2Q1Q0

In Vedic method, QO is vertical product of bit A0 and B0, Q1 is addition of crosswise bit multiplication i.e. Al & B0
and A0 and B1, and Q2 is again vertical product of bits Al and B1 with the carry generated, if any, from the previous
addition during Q1 Q3 output is nothing but carry generated during Q2 calculation. This module is known as 2x2
multiplier block.
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Figure 4: RTL View of 2x2 Bits Multiplier

IMPLEMENTATION OF 4X4 BITS VEDIC MULTIPLIER
For higher no. of bits in input, little modification is required. Divide the no. of bit in the inputs equally in two parts.

CLK

—_—
Q_OUT(7-0) Z::>
C——— > AINGO [4x4VEDIC MUL

B_IN(3:0)

Figure S: Block diagram of 4x4 Bit Vedic Multiplier

Let’s analyze 4x4 multiplications, say A3A2A1A0 and B3B2B1B0. Following are the output line for the multiplication
result, Q7Q6Q5Q4Q3Q2Q1QO0. Block diagram of 4x4 Vedic Multiplier is given in figl8.

Let’s divide A and B into two parts, say A3 A2 & Al A0 for A and B3B2 & B1BO for B. Using the fundamental of
Vedic multiplication, taking two bit at a time and using 2 bit multiplier block.

A3A2 A1A0Q
X B3B2 B1B0
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Figure 6: Algorithm of 4x4 bit Vedic Multiplier

Each block as shown above is 2x2 bits multiplier. First 2x2 multiplier inputs are A1 A0 and B1 B0.The last block is
2x2 multiplier with inputs A3 A2 and B3 B2. The middle one shows two, 2x2 bits multiplier with inputs A3A2 &
B1B0 and A1A0 & B3B2. So the final result of multiplication, which is of 8 bit, Q7Q6Q5Q4Q3Q2Q1Q0.

The 4x 4 bit multiplier is structured using 2X2 bit blocks as shown in fig

a3:0) > a(1:0)
b(3:0) > b(1:0)  a(3:0) |
clk D clk
muldxd
| a(1:0)
b B0 g3y |-
ck

muldxd

| a(1.0) a(mc)m 3 “;“;70
P B0 a0 [« | b0 -
clk
b4 i
»—{ a(1:0) _| 2B i }L)dl(l;.g) = b(;'O) b0
b 500 g0y 1d | b3O) - Sl
cllk = = e 2

muldxd

a0y

Figure 7: RTL View of 4x4 Bit Vedic Multiplier

IMPLEMENTATION OF 8X8 BITS VEDIC MULTIPLIER

The 8x 8 bit multiplier is structured using 4X4 bit blocks as shown in figure 7 In this figure the 8 bit multiplicand A
can be decomposed into pair of 4 bits AH-AL. Similarly multiplicand B can be decomposed into BH-BL. The 16 bit
product can be written as:

P= A x B=(AH-AL) x (BH-BL)

= AH x BH+AH x BL + AL x BH+ AL x BL

The outputs of 4X4 bit multipliers are added accordingly to obtain the final product. Thus, in the final stage two adders
are also required.

Now the basic building block of 8x8 bits Vedic multiplier is 4x4 bits multiplier which implemented in its structural
model. For bigger multiplier implementation like 8x8 bits multiplier the 4x4 bits multiplier units have been used as
components which are implemented already in ModelSIm6.1e or Xilinx ISE9.2i library. The structural modeling of any
design shows fastest design.
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Figure 8: 8X8 Bits decomposed Vedic Multiplier.

16x16 MULTIPLIER:
In this section we extend the Vedic algorithm to design al6-bit multiplier using fast adders, which can add the partial
products with a high speed and reduces the power-delay

Product at first 2-bit, 4-bit and 8-bit multiplier blocks are to be designed, in order to obtain a 16 x 16 Vedic Multiplier.
The design of a 2 x 2 multiplier block is similar to shift and add method as shown in Fig. 1. For 4x4 multiplier block,
the multiplicand and multiplier bits are decomposed equally as XH=X3X2 and XL=X1X0 for X and YH=Y3Y2 and
YL=Y1YO for Y . According to the Vedic algorithm, the decomposed bits are given as inputs to the individual 2-bit
multiplier block as shown in Fig. 4. The delay of the design reduces, as all the partial products are obtained in parallel
and it is further reduced by using the carry save adder and Brent-Kung adder in order to obtain the final product. To
obtain 8 x 8 multiplier block, the multiplicand and multiplier bits are decomposed equally as XH=X7X6X5X4 and
XL=X3X2X1XO0 for X and YH=Y7Y6Y5Y4 and YL=Y3Y2Y1YO for Y as shown in Fig. 5. The first four final product
outputs P [3: 0] are same as that of the partial products pO[3 : 0]. The other partial products which includes p1[7 : 0],
p2[7 : 0] and {p3[3 : 0], pO[7 : 4]} are added using carry save adder which can generates the sum and carry output bits
as S[7 : 0] and C[7 : 0] respectively. The product output P[4] is the output of sum S[0]. Then, the sum and carry bits of
carry save adder are added by using Brent-Kung adder along with the partial product bit p3 [4] that generates the final
product term P[12 : 5] and a carry bit Cin.

The final stage of addition is done by using carry-select adder that contains multiplexers and half adders as shown in
Fig. 6. If the input of the carry-select adder is Cin = 0, the multiplexer gives the input of the partial product output
p3[15 : 9] to the final product terms P[31 : 25] directly without any computation, that can reduces the switching power.
If the input carry bit Cin = 1 then, the output of the multiplexer is the addition of the partial product output p3[15 : 9]
with the carry bit using half adders. The final carry out bit (Count) is discarded in the final product.

In the similar way of design, a 16 x 16 Vedic Multiplier is obtained by using 8x8 multiplier blocks, carry save adder,
Brent-Kung adder, and carry select adder as shown in Fig. 21. The usage of the fast adder in the proposed design
improves the performance in terms of delay, and power-delay product. Hence, the signal processing can be made faster
using the Proposed multiplier in Multiplier-Accumulator (MAC) unit, Fast Fourier Transform (FFT), convolution, and
filtering. However, the major drawback of the proposed multiplier is that, it requires larger area for computation.
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Figure 9: 16x16 bits vedic multiplier

II. RESULTS

00000001
00000000
bl &2 ™ prod[15:0] 0000000000

Fig10:8X8 Multiplier

1,000,000 ps

K- # prod[7:0] 00110010

- a[15:0] 0000000000000
oM b[15:0]

- multd[15:0]

00 0
0000000000000
000 0

& carry1

Fig 11:16X16 TEST BENCH WAVE FORM
III. CONCLUSION

In this project a modified approach has been presented to design the 2X2 multiplier 4X4 multiplierradix-8 for the
multiplication of two binary inputs and multiplication of two 4 bit binary multipliers. Simulation and synthesis for
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FPGAs are accomplished on VIVADO 15.2 software. The performance of a multiplier unit is mostly affected by partial
product accumulation unit. Since in Vedic multiplier design, the partial products are reduced by n/3, performance
improvement can be seen in the designer of 2x2 and 4x4 multiplier. The performance of the proposed 2x2, 4x4 Vedic
multiplier technique is evaluated by comparing with the existing technique. When implemented in FPGA, yield
considerable performance improvements in comparison with other adders found in literature.
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