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Abstract: Arithmetic and logic unit has been the most significant unit in any electronic devices.
In the recent advancement, for an arithmetic and logic unit to be significant it needs to have an
efficient algorithmic operation such as Multiplications and addition. Multiplication is the most
essential operation in digital signal processing, artificial intelligence, neural networks, and
machine learning. In Digital era, filters can be used as memory elements to store data. The most
commonly used adders to implement digital filters, are the full adders. Here in this paper the
implementation of digital filter is done with PPA. Among various PPA, the sklansky adder is
more efficient than others. When implementing kogge stone adder, it experiences a larger
hardware complexity. So that it is necessary to reduce the hardware complexity the architecture
of sklansky adder. The comparative analysis made among various parameters such as numbers
of logic gates and delay. The above proposed architecture tends to reduce the hardware
complexity using various parameters.

I.LINTRODUCTION

Generally there are some basic processes to design a digitalfilter. The design filter needs to be
redesign the frequencies,calculate the parameters and have to adjust the filter at eachtime. In some
rare cases, the redesign requires filters to beexchanged with their filter types or with its length to
fitaccording to their requirements.A complicated DSP system consists of multiple adders
andmultipliers[2]. The effective design of DSP machine enchancethe performance of the system. An
adder, which is afundamental component is frequently employed in manynetworks that are used in
system like controllers andprocessing chips[3]. In this system a performance is improvedby the
running ability of adder and multiplier.

In Digital filters can use FIR or IIR filter systems forimplement and there adaptive algorithm to
update theirparameters but in practice, FIR structured digital filters can beeffortlessly done with high
performance so that it has beingmore widely used. We also use FIR digital filter for ourstudies[5].
Normally FIR filter will compute the sum ofinput signal by analyzing the different types of
multipleand accumulate performance.

Normal serial adder has been replaced by the parallelprefix adder. In PPA there are four adders here
we usesklansky and kogge stone adder in FIR filter.

Digital filters are very important part of DSP. In fact their extraordinary performance is one of the key
reasons that DSP has become so popular. Filters have two uses: signal separation and signal
restoration. Signal separation is needed when the signal has been contaminated with interference,
noise or other signals. For example imagine a device for measuring the electrical activity of a baby’s
heart (EKG) while in the womb. The raw signal will be likely to be corrupted by the breathing and the
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heartbeat of the mother. A filter must be used to separate these signals so that they can be individually
analyzed. Signal restoration is used when the signal has been distorted in some way. For example, an
audio recording made with poor requirement may be filtered to better represent the sound as it
actually occurred. Another example is of debuting of an image acquired with an improper focused
lens, or a shaky camera. These problems can be attacked with either digital or analog filters. Which is
better? Analog filters are cheap, fast and have a large dynamic range both in amplitude and frequency.
Digital filters in comparison are vastly superior in the level of performance that can be achieved.
Digital filters can achieve thousand of times better performance than an analog filter. This makes a
dramatic difference in how filtering problems are approached. With analog filters, the emphasis is on
handling limitations of the electronics such as the accuracy and stability of the resistors and
capacitors. In comparison digital filters are so good that the performance of the filter is frequently
ignored. The emphasis shifts to the limitations of the signals and the theoretical issues regarding their
processing. Multiplying a variable by a set of known constant coefficients is a common operation in
many digital signal processing (DSP) algorithms. Compared to other common operations in DSP
algorithms, such as addition, subtraction, using delay elements, etc., multiplication is generally the
most expensive. There is a trade-off between the amount of logic resources used (i.e. the amount of
silicon in the integrated circuit) and how fast the computation can be done. Compared to most of the
other operations, multiplication requires more time given the same amount of logic resources and it
requires more logic resources under the constraint that each operation must be completed within the
same amount of time. A general multiplier is needed if one performs multiplication between two
arbitrary variables. However, when multiplying by a known constant, we can exploit the properties of
binary multiplication in order to obtain a less expensive logic circuit that is functionally equivalent to
simply asserting the constant on one input of a general multiplier. In many cases, using a cheaper
implementation for only multiplication still results in significant savings when considering the entire
logic circuit because multiplication is relatively expensive. Furthermore, multiplication could be the
dominant operation, depending on the application.

In this thesis, we will propose several algorithms which run in software, but the solutions that these
algorithms produce enable one to efficiently implement constant coefficient multiplication in
hardware. Given the set of constant coefficients, said algorithms search for good hardware
realizations.

Il. LITERATURE SURVEY
2.1 Design of Fast FIR Filter Using Compressor and Carry Select Adder

Speed and area are now a day’s one of the fundamental design issues in digital era. To increase
speed, while doing the multiplication or addition operations, has always been a basic requirement of
designing of advanced system and application. Carry Select Adder (CSA) is a fastest adder used in
many processors to accomplish fast arithmetic function. Many different adder architecture designs
have been developed to increase the efficiency of the adder. It is very commonly known that per
second any processors performed millions of work functions in semiconductor industry. So when we
do designing of multipliers, one of the main standards is performing speed that should be taken in the
mind. In this paper, we propose a technique for designing of FIR filter using multiplier based on
compressor and carry select adder. Performance of all adder designs is implemented for 16, 32 and 64
bit circuits. These structures are synthesized on Xilinx device family.

2.2 Implementation of Kogge Stone Adder for Signal Processing Application

Low power system design has turn out to be a significant performance goal. The Finite Impulse
Response Filter is an efficient component for digital signal processing applications. Adders and
multipliers plays an essential role in implementation [R1] of FIR filter. The proposed FIR Filter is
designed by using Kogge stone adder and booth multiplier. Kogge stone adder is a high speed adder
which is used for designing high performance circuits and Booth multiplier is a multiplication
algorithm which is used to perform multiplication by using 2“s complement notation. Thus the
proposed design can reduce the delay and power consumption of FIR filter. The proposed FIR filters
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are designed with the help of verilog Hardware Description Language and synthesized using Xilinx
ISE 12.4 tool.

2.3 Implementation of programmable fir filter using dadda multiplier and parallel
prefix adder

Digital filters have a magnificent role in various applications related to signal processing. It is the
performance of the filters that made DSP popular. Filtering is usually done to obtain a desired output
by manipulating the input data. Various types of filters are used to manipulate the data that helped in
creating different applications to benefit the world. The major part in any filter design is the
multiplication block as the performance of any filter depends on how the multiplication is performed.
There are various multipliers of which Dadda multiplier is one, the significance of this is that it makes
use of very few gates to perform multiplication. Keeping this in view a programmable FIR filter
design has been carried out and implemented using the MAC (Multiply and Accumulate) unit[8]. In
this, the multiplication is done by Dadda multiplier and PPA is used to carry out addition. Therefore,
this project helps in bringing an efficient FIR filter which could be used for many DSP applications

2.4 Design of Fast FIR Filter Using Compressor and Carry Select Adder by Deepak
Kumar Patel, Raksha Chouksey, Dr. Minal Saxena

Speed and area are now a day's one of the fundamental design issues in digital era. To increase
speed, while doing the multiplication or addition operations, has always been a basic requirement of
designing of advanced system and application. Carry Select Adder (CSA) is a fastest adder used in
many processors to accomplish fast arithmetic function. Many different adder architecture designs
have been developed to increase the efficiency of the adder. It is very commonly known that per
second any processors performed millions of work functions in semiconductor industry. So when we
do designing of multipliers, one of the main standards is performing speed that should be taken in the
mind. In this paper, we propose a technique for designing of FIR filter using multiplier based on
compressor and carry select adder. Performance of all adder designs is implemented for 16, 32 and 64
bit circuits. These structures are synthesized on Xilinx device family.

2.4 Implementation of Kogge Stone Adder for Signal Processing Applications by
A.Abinaya, M.Maheswari

Low power system design has turn out to be a significant performance goal. The Finite Impulse
Response Filter is an efficient component for digital signal processing applications. Adders and
multipliers plays an essential role in implementation[R1]of FIR filter. The proposed FIR Filter is
designed by using Kogge stone adder and booth multiplier. Kogge stone adder is a high speed adder
which is used for designing high performance circuits and Booth multiplier is a multiplication
algorithm which is used to perform multiplication by using 2“s complement notation. Thus the
proposed design can reduce the delay and power consumption of FIR filter. The proposed FIR filters
are designed with the help of verilog Hardware Description Language and synthesized using Xilinx
ISE 12.4 tool
2.5 Implementation of programmable fir filter using dadda multiplier and parallel
prefix by S. Madhavi, K. Rasagna, N. Kavya, M. Sindhu

Digital filters have a magnificent role in various applications related to signal processing. It is
the performance of the filters that made DSP popular. Filtering is usually done to obtain a
desired output by manipulating the input data. Various types of filters are used to manipulate
the data that helped in creating different applications to benefit the world. The major part in
any filter design is the multiplication block as the performance of any filter depends on how
the multiplication is performed. There are various multipliers of which Dadda multiplier is
one, the significance of this is that it makes use of very few gates to perform multiplication.
Keeping this in view a programmable FIR filter design has been carried out and implemented
using the MAC (Multiply and Accumulate) unit[8]. In this, the multiplication is done by
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Dadda multiplier and PPA is used to carry out addition. Therefore, this project helps in
bringing an efficient FIR filter which could be used for many DSP applications.

IHLEXISTING SYSTEM

Multiplication involves the generation of partial products, one for each digit in the
multiplier, as in Figure3.These partial products are then summed to produce the final product.
The multiplication of two n-bit binary integers results in a product of up to 2n bits in length
[2]. We used the following algorithm to implement the multiplication operation for unsigned
data.

a2, x"oogooooon
add32 |7

‘ add32 M S

Figure 1. A partial schematic of the multiplier

3.1 5MULTIPLICATION ALGORITHM

Let the product register size be 64 bits. Let the multiplicand registers size be 32 bits. Store the
multiplier in the least significant half of the product register. Clear the most significant half of
the product register.

Repeat the following steps for 32 times:

1. If the least significant bit of the product register is "1" then add the multiplicand to the
most significant half of the product register.

2. Shift the content of the product register one bit to the right (ignore the shifted-out bit.)

3. Shift-in the carry bit into the most significant bit of the product register. Figure 5.Shows a
block diagram for such a multiplier.
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Figure 2. Multiplier of two n-bit values
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Shift-and-add multiplication is similar to the multiplication performed by paper and pencil.
This method adds the multiplicand X to itself Y times, where Y denotes the multiplier. To
multiply two numbers by paper and pencil, the algorithm is to take the digits of the multiplier
one at a time from right to left, multiplying the multiplicand by a single digit of the multiplier
and placing the intermediate product in the appropriate positions to the left of the earlier
results.

In the case of binary multiplication, since the digits are 0 and 1, each step of the
multiplication is simple. If the multiplier digit is 1, a copy of the multiplicand (1 x
multiplicand) is placed in the proper positions; if the multiplier digit is 0, a number of 0 digits
(0 x multiplicand) are placed in the proper positions.

Consider the multiplication of positive numbers. The first version of the multiplier circuit,
which implements the shift-and-add multiplication method for two n-bit numbers, is shown in
Figure

=
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First version of the Inull:pliur crreut.

The 2n-bit product register (A) is initialized to 0. Since the basic algorithm shifts the
multiplicand register (B) left one position each step to align the multiplicand with the sum
being accumulated in the product register, we use a 2n-bit multiplicand register with the
multiplicand placed in the right half of the register and with 0 in the left half.

The first verswon of the multnphcanon algonthm.
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Figure shows the basic steps needed for the multiplication. The algorithm starts by loading
the multiplicand into the B register, loading the multiplier into the Q register, and initializing
the A register to 0. The counter N is initialized to n. The least significant bit of the multiplier
register (QO0) determines whether the multiplicand is added to the product register. The left
shift of the multiplicand has the effect of shifting the intermediate products to the left, just as
when multiplying by paper and pencil. The right shift of the multiplier prepares the next bit
of the multiplier to examine in the following iteration.

IV. PROPOSED SYSTEM
FIR filter is design using shift and add multiplier and ripple carry adder. In Ripple Carry
Adder(RCA), delay increases linearly with the bit length.It takes longer computation time.
The operation required for designing an FIR filter in direct implementation is called the Multiply and
Accumulate operation (MAC). In this type of operation, the co-efficient of the filter is directly
multiplied with the variable and then added to get the final result. The following expression explains
the MAC operation:

— 5N-1
¥ Ek:l} hn—kxk (3)

I n case of 1 tap filter, the filter co-efficient hO is directly multiplied with variable x0 and the result
is assigned to the output. In a 4-tap filter, the filter co-efficient are multiplied with corresponding
variables, the result of 4 multipliers are added and assigned to the result.
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Fig 1. 4-tap FIR Filter (Direct form)

Fig. 1 shows the data flow graph diagram for a 4-tap FIR filter. When the number of taps increases
the longest path delay also increases. Also, number of multipliers and adders required in the
architecture also increases. The data flow graph shown in Fig. 1 is in direct form

The design of the Multiplier/Result module was performed at the RTL level. A block diagram of this
module is shown in Figure 3-7 and the register assignment details.The input to the module is the
multiplier, B_in, which is loaded into bits 0 to 7 of the register when the LOAD_cmd is asserted. The
adder block outputs (Cout and adder_out) are also inputs to the module. The outputs of the module
are, LSB, bit 0 of the register, RB, bits 8 to 15 of the register, and RC, bits 0 to 15 of the register. LSB
is fed back to the controller to determine the next state, while RB is fed into the adder in order to be
summed with the multiplicand. RC is the final multiplication result and is considered valid only when
the controller asserts the STOP signal. If the Multiplier_Result receives a SHIFT _cmd without a prior
ADD_cmd, the register will be shifted logically to the right. If the ADD _cmd precedes the
SHIFT _cmd, bits 1 to 7 of the register will be placed into positions 0 to 6 while the 9 inputs bits from
the adder will be placed into positions 7 to 15 of the register. This is essentially equivalent to storing
the adder results and then shifting the entire register.

The main function of the adder block is to sum two bytes together. The main building block of the
adders described in the following paragraph is the Full Adder. This block is designed structurally and
accepts 2 inputs while generating 1 sum output and 1 carry output. The 8-bit ripple carry adder is
composed of 8 individual full adders connected in a chain. In this case, the carry out of each full adder

232



is the carry in of the following full adder. The limiting speed factor in this approach is the delay from
the first full adder to the outputs of the final full adder.
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FIR filter is design using shift and add multiplier and parallel prefix adder..

The operation required for designing an FIR filter in direct implementation is called the
Multiply and Accumulate operation (MAC). In this type of operation, the co-efficient of the
filter is directly multiplied with the variable and then added to get the final result. The
following expression explains the MAC operation:

N—

y= Ek:g hn—kxk (3)

In case of 1 tap filter, the filter co-efficient hO is directly multiplied with variable x0 and the

result is assigned to the output. In a 4-tap filter, the filter co-efficient are multiplied with
corresponding variables, the result of 4 multipliers are added and assigned to the result.
Fig. 1 shows the data flow graph diagram for a 4-tap FIR filter. When the number of taps
increases the longest path delay also increases. Also, number of multipliers and adders
required in the architecture also increases. The data flow graph shown in Fig. 1 is in direct
formThe design of the Multiplier/Result module was performed at the RTL level. A block
diagram of this module is shown in Figure 3-7 and the register assignment details. The input
to the module is the multiplier, B_in, which is loaded into bits 0 to 7 of the register when the
LOAD_cmd is asserted. The adder block outputs (Cout and adder_out) are also inputs to the
module. The outputs of the module are, LSB, bit 0 of the register, RB, bits 8 to 15 of the
register, and RC, bits 0 to 15 of the register. LSB is fed back to the controller to determine the
next state, while RB is fed into the adder in order to be summed with the multiplicand. RC is
the final multiplication result and is considered valid only when the controller asserts the
STOP signal. If the Multiplier_Result receives a SHIFT_cmd without a prior ADD_cmd, the
register will be shifted logically to the right. If the ADD_cmd precedes the SHIFT _cmd, bits
1 to 7 of the register will be placed into positions 0 to 6 while the 9 inputs bits from the adder
will be placed into positions 7 to 15 of the register. This is essentially equivalent to storing
the adder results and then shifting the entire register.

4.1 PARALLEL PREFIX ADDERS

Parallel prefix adder (PPA) is a multi-bit carry-propagate adder which is used for parallel addition
of two multi-bit numbers. PPA extend the generated and propagated logic of the carry look-ahead
adder to perform addition even faster . As the basic schematic structure of the various PPA,
perspective architecture is analyzed, it consists of three stages : pre-processing stage, prefix
computation stage and final processing stage. Let consider each stage in more detail.
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Fig 4.1. Addition procedure using Parallel Prefix tree structures

In every bit (i) of the two operand block, the two input signals (ai and bi) are added to the
corresponding carry-in signal (carryi) to produce sum output (sumi) The equation to produce
the sum output is:

Sumi=ai ™ bi” carryi 1)

Computation of the carry-in signals at every bit is the most critical and time — consuming
operation. In the carry- look ahead scheme of adders (CLA), the focus is to design the carry-
in signals for an individual bit additions. This is achieved by generating two signals, the
generate (gi) and propagate (pi) using the equations:

Gi=ai”bi (2)
Pi=ai”bi (3)

The carry in signal for any adder block is calculated by using the formula
Ci+l=gi V (pi) 4)

Where ci must be expanded to calculate ci+1 at any level of addition
Parallel Prefix adders compute carry-in at each level of addition by combining generate and
propagate signals in a different manner. Two operators namely black and gray are used in
parallel prefix trees are shown in fig 2(a), fig 2(b) respectively.
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(a) black operator (b) gray operator
Fig 4.2 Operators used in Parallel Prefix trees
The black operator receives two sets of generate and propagate signals (gi , pi),(gi-1 ,pi-1),
computes one set of generate and propagate signals (go , po) by the following equations:
The gray operator receives two sets of generate and propagate signals (gi, pi),(gi-1 ,pi-1), computes
only one generate signal with the same equation as in equation (5).

It is readily apparent that a key advantage of the tree-structured adder is that the critical path
due to the carry delay is on the order of log 2N for an N-bit wide adder. The arrangement of the prefix
network gives rise to various families of adders. For a discussion of the various carry-tree structures,
see [1, 3]. For this study, the focus is on the Kogge-Stone adder , known for having minimal logic
depth and fanout. Here we designate BC as the black cell which generates the ordered pair in equation
(1); the gray cell (GC) generates the left signal only, following . The interconnect area is known to be
high, but for an FPGA with large routing overhead to begin with, this is not as important as in a VVLSI
implementation.

V. SIMULATION RESULTS

Simulation Result of Multiplier:
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Fig 8.1 Simulation Result of Multiplier
Here we can give the inputs as A=6, B=3, clk as 1 and rst as 0, then the final output is 16.
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Synthesis Report:
Table 8.1 Comparison between power and delay

SYSTEM POWER(W) Delay(ns)
Existing(Wallace tree 0.00583 110.386
multiplier)
Proposed method 0.00190 38.386

VI. CONCLUSION

The FIR filter was designed and result shown in Xilinx ISE 14.7. The result of the FIR filter
using KSA is compared with the FIR filter using sklansky adder. After comparison we came
to know that FIR filter using sklansky adder architecture is faster compared to FIR filter
using KSA.
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