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The title of this paper include an implementation of low area efficient multiplier and adder architecture
in digital FIR filter design.FIR filter are mainly used in digital signal processing application in which
multiplier and adder are the basic fundamental blocks. Efficiency of filter design depends on the
architecture used for multiplier and adder block which differ in the delay, area and power. In this paper
two architectures are used for multiplier design, they are modified booth algorithm and Vedic algorithm, in
which Vedic algorithm is used for implementation as it consumes less area than modified booth
algorithm.And for design of adder block efficient architecture is used which include carry save adder.
Hence the output responses of FIR filter is obtained using Vedic multiplier and carry save adder. The
multiplier and adder architecture are simulated and synthesized using Xilinx ISE tool. The above two
multiplier architecture are also simulated, synthesized and physical design of it is done using Cadence
tool in order to obtain the GDSII file
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INTRODUCTION
In the recent trends, VLSI technology has brought a significant development in the area of chip design which
mainly depends on the factors like area, speed and power. Considering all these factors, much architecture are
developed to implement Digital FIR filter which is used in digital signal processing applications. Filter is
implemented using multipliers and adder blocks. Selection of efficient architecture for multiplier and adder is a
major factor to be considered which in turn improves the efficiency of FIR filter. Digital FIR filter is the linear
time invariant filter. A linear time invariant is the filter which does not vary with time and it interacts with the
input signal and filter coefficients through a process called linear convolution and hence produces the output
response. The synthesized architectures are shown in the following sections. In this paper two architecture for
multiplier are simulated and synthesized and the physical design of it is performed using cadence tool and the
adder
is
simulated
and
synthesized
using
Xilinx
tool.

MATERIALS AND METHODS

Array multiplier is the existing algorithm and one of the most widely used multiplier technique and it is a long multiplication process.
It has a regular structure and used for unsigned multiplication. The computation cost and time taken by array multiplier is more.
From the simulation and synthesis result obtained for array multiplier using Xilinx tool, the delay of array multiplier is found to be
17.522ns.So booth multiplier is used for multiplication process. Booth multiplier multiplies two signed numbers and it is faster than
array multiplier. The operation of booth algorithm includes arithmetic shift operation after addition and subtraction operation. The
drawback of this type of multiplier is that this uses a large number of add and subtraction operation which becomes inconvenient to
design parallel multiplier. Another drawback is that when there is isolated ones the algorithm becomes inefficient. From the
simulation and synthesis result for booth multiplier, the delay is found to be 6.712ns. These drawbacks are overcome by modified
booth algorithm and Vedic algorithm.
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Modified booth algorithm
Modified booth algorithm is used to multiply signed as well as unsigned numbers and the partial product is reduced to N/2 from N, if
N is the multiplier. Modified booth algorithms are so called as radix-2, radix-4, and radix-8 depending on the number which is taken
as a base. Modified booth algorithm is faster than array multiplier and booth multiplier. Advantage of modified booth algorithm is that
its computation is faster than conventional multiplier as it halves the partial products and it is used for longer operands whereas
booth algorithm has partial products same as that of the multiplier bits and can be used only for smaller operands. Disadvantage of
this is that it requires and encoder circuit to encode the multiplier bits which consumes more area. This encoding of multiplier is
done by grouping the bits in blocks of two(radix-2), blocks of three (radix-4), blocks of four(radix-8),such that one bit overlapping of
each block is performed. And the encoding of the bits is performed based on the booth recording table which is shown.[Table–1,
Table–2, Table–3].The halving of partial product is obtained by shifting and adding for every second column [1].

Table: 1. Radix-2 booth recoding table
Block
A(Multiplier)
00
01
10
11

Re-coded digits
0
+1
-1
0

Operations on
B(Multiplicand)
0*B
+1*B
-1*B
0*B

Table: 2. Radix-4 booth recoding table

Block
A(Multiplier)
000
001
010
011
100
101
110
111

Re-coded digits

Operations on
B(Multiplicand)

0
+1
+1
+2
-2
-1
-1
0

0*B
+1*B
+1*B
+2*B
-2*B
-1*B
-1*B
0*B
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Vedic algorithm

Block
A(Multiplier)

Re-coded digits

Operations on
B(Multiplicand)

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

0
+1
+1
+2
+2
+3
+3
+4
-4
-3
-3
-2
-2
-1
-1
0

0*B
+1*B
+1*B
+2*B
+2*B
+3*B
+3*B
+4*B
-4*B
-3*B
-3*B
-2*B
-2*B
-1*B
-1*B
0*B

Vedic algorithm is one of the ancient algorithms used for fast multiplication process. The Vedic algorithm is implemented based on
Urdhva Tiryakbhyam (vertical and crosswise) Sutra. Out of 16 sutras; this is one such sutra which is used for all multiplication cases.
Here partial product can be generated by concurrent addition of partial product.The multiplier using Vedic algorithm is independent
of clock frequency of the processor because of parallel calculation of partial product and addition. One such feature of Vedic
algorithm is reducing multi-bit multiplication into single bit multiplication. The carry propagation is reduced from LSB to MSB, as the
partial product is generated in single step. This is well known algorithm which consumes less area compared to modified booth
algorithm. The 2x2 Vedic multiplier blocks multiplies two bit binary numbers and this type of multiplication uses Urdhva Triyagbhyam
algorithm. Consider two numbers ‘a’ and ‘b’,each of two bits then a[0]&b[0] represents LSB and a[1]&b[1] represents MSB.The
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output is 4 bit with y[0] forms the LSB,y[1] forms the second bit from LSB,y[2] forms the third bit from LSB and y [3] forms the carry
bit.

Carry save adder
Carry save adder is one such adder with lesser delay in comparison with different types of adders like ripple carry adder, carry look
ahead adder, carry select adder and so on. Operation of Carry save adder is same as that of full adder with three inputs. In carry
save adder, sum and carry is calculated separately and then both are added to give the final sum. Carry save adder also consumes
less area compared to other types of adder and it has a delay of 9.043ns.

RESULTS
Modified booth algorithm
Figure–1 shows the RTL view of modified booth algorithm using cadence tool.The RTL view represents the
encoder circuit which encodes the multiplier and then multiplies with the multiplicand to generate the partial
products and these partial products are then added using carry save adder to get the final result. Figure–2 shows
physical design of modified booth algorithm using cadence tool. The physical design shows the layout of the design
which are obtained by process such as partitioning,floorplanning and placement, clock tree synthesis,
routing,compaction and finally the physical verification process.

Fig: 1. RTL view of modified booth algorithm using cadence tool

……………………………………………………………………………………………………………..

www.iioab.webs.com

The 4x4 multiplier block can be easily constructed using four 2x2 bit multiplier blocks. And the partial product
generated is fed to the addition tree and lower 2 bit of partial product are taken as least two bits to the result. Again
8x8 multiplier block is constructed using four 4x4 multiplier block and the partial product are then added to get the
final result.8x8 multiplier blocks are better than 4x4 multiplier block because computations are performed which are
of 8 bit in many kind of processors. Here addition is performed using carry save adder which has less delay
compared to all other adder. Carry save adder also consumes less area compared to other adders such as carry look
ahead adder, carry select adder. Figure– 3 shows the RTL view of 8x8 multiplier using cadence tool.This figure
indicates that using the parallel techniques the computation can be easily performed. Figure– 4 represents the
physical design of 8x8 Vedic multiplier which include the process of generating the layout of the design. The final
step of physical design process is the GDSII file generation which are further used for fabrication process. Figure–5
shows the simulation results of 8x8 Vedic multiplier which explains that multiplication of two 8 bit number obtains
a 16 bit result.

| Srividya. 2016 | IIOABJ | Vol. 7 | 2 | 3–8

5

COMPUTER SCIENCE

Vedic algorithm

SPECIAL ISSUE
_______________________________________________________________________________________________________________________

www.iioab.org
Fig: 2. Physical design of modified booth algorithm using cadence tool
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Fig: 3. RTL view of 8x8 Vedic multiplier using cadence tool
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Fig: 4. Physical design of 8x8 Vedic multiplier using cadence tool
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Fig: 5. Simulation result of 8x8 Vedic multiplier using Xilinx tool
……………………………………………………………………………………………………………..
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DISCUSSION
From the point of implementation of efficient multiplier and adder architecture, It was found that modified booth
algorithm is better since it has lesser delay and consumes low power than Vedic multiplier. But in terms of cell area
usage, it has seen that Vedic algorithm is far more efficient multiplier. While considering the efficient adder
structure, carry save adder was found to be one such adder with lesser delay and low power consumption. Table– 4
shows the Comparison of modified booth algorithm and Vedic algorithm used for multiplication operation.
Table: 4. Comparison table of multiplier

Multiplier

Cell area

Leakage
power(nW)

Dynamic
power(nW)

Total
power(nW)

Radix4 Modified
booth algorithm
(8x8)

6912

210.760

136531.5

136742.348

Vedic algorithm
(8x8)

6044

280.756

357930.524

358211.280

CONCLUSION
This paper presents an efficient architecture for multiplier and adder and from the analysis result, modified booth
algorithm is found to be efficient in terms of power consumption and Vedic algorithm is efficient in terms of area
consumption. So it is better to consider a hybrid architecture which involves the combination of modified booth
algorithm and Vedic algorithm for design of FIR filter.
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