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Abstract- This paper describes about the two fused floating-point operations which has been implemented in fast Fourier 
transform (FFT) processors. The fused operations are a two-term dot product and an add-subtract unit. The FFT processors 
having a “BUTTERFLY” operation that consists of multiplications, additions and subtractions of complex value data. The fused 
FFT butterflies are about 15 percent faster and 30 percent smaller than a conventional implementation. And the numerical results 
of the fused implementation are slightly more accurate, as they use fewer rounding operations. 
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I. INTRODUCTION 
 
The IEEE-754 floating-point standard is the most common real numbers representation in today’s microprocessors 
including Intel-based PC's, Macintoshes, and most UNIX platforms. IEEE floating point numbers have three basic 
components: a sign, an exponent, and a significand [2].IEEE-754 standard 32-bit floating-point format which is of 
1sign bit,8 exponent bit ,23 significand bit [8]. 

Floating-Point arithmetic provides a wide dynamic range freeing for the purpose of processor designers and 
overflow/underflow concerns that arises with the fixed-floating point arithmetic. Many DSP and signal processing 
applications need high throughput, the primary focus of fused elements is to reduce circuit area and the secondary 
need of reducing the delay. 
 The two fused floating-point operations have been recently developed to reduce the delay and area of the 
fast Fourier transform computation units. One of the operation of fused is a fused floating-point two-term dot 
product unit (Fused DP) [4].The Fused DP is extension of the fused multiply-add (FMA) operation which was 
developed for the IBM RS/6000 processor which is recently added to IEEE standard-754 [2]. 
 There are several advantages of floating-point Fused Multiply-Add (FMA) over the discrete floating-point 
adders and multipliers in the general purposed processor. FMA reduces the latency of multiplication followed by an 
addition. And FMA is used to replace the floating-point adder and floating-point multiplier in a  
system. FMA units were used in embedded signal processing and graphic applications to perform argument 
reduction and division. 
 The numerical operations which have been performed by this unit can be used in many DSP algorithms. 
Specifically multiplications of complex operands are more benefits greatly from the FDP. 
 The implementation of a floating-point dot-product unit shown in Figure 1. 
 

Y=A*B ± C*D 
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Fig: 1 Fused Dot Product Unit Concept Diagram. 

 
 The second is of fused operation of fused add-subtract unit (Fused AS) [3].FFT algorithms uses both the 
sum and the difference of the operands frequently. This fused implementation, sum and the difference operations 
can share the substantial amount of the operand alignment operations with the benefit of reducing the circuit area. 
High-throughput and digital filter implementations are possible with the FMA unit. 
 The fused add-subtract (FAS) unit accelerates the butterfly operations. When the add and subtract are 
performed in parallel with two independent floating-point adders and subtract which is expensive in silicon area and 
as well as in the power consumption also [6]. 
 The implementation of a floating-point add-subtract unit shown in Figure 2. 

 
X=A+B and Y=A-B 

 

 
Fig:2. FAS Unit Concept Diagram. 

 
 In this only the 32-bit IEEE-754 standard format is support and all the IEEE rounding modes are supported. 
Due to this type of facilitates interfacing the other system elements are supported to the IEEE floating-point standard 
format. Briefly the fused DP and fused AS units have been explained. 
 
II      FAST FOURIER TRANSFORM PROCESSOR 
 
The radix-r pipeline FFT processor is basic well known architecture [7].Decimation In Time (DIT) and Decimation 
In Frequency (DIF) are two different computational elements [9].DIT consists of complex multiplication followed 
by a sum and difference network, where as DIF consists of a sum and difference network followed by complex 
multiplication. 

The radix-r computational elements compute a Fourier transform of the r-complex inputs which it receives 
as explained in [9]. The use of N radix-r computational elements and N-1 reordering elements produces a rN- point 
FFT or inverse FFT. The data rate is r times the clock rate since each clock cycle r data enter and r data exit from 
each element. 

 
III    FUSED FLOATING-POINT TWO TERM DOT PRODUCT UNIT 
 
The floating-point two-term fused dot product (Fused DP) [4] unit computes a two-term dot product 
 

Y = A*B ± C*D. 
The fused dot product unit shown in the Figure 3. 
 
 The floating-point fused two-term dot-product unit architecture is derived from the architecture of a 
floating-point fused multiplier-adder. The fused DP unit can perform either the addition or subtraction of the 
products by complementing the outputs of one of multiplier trees for subtraction. 
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 Similar to the operations performed by the fused multiply-add unit, in many DSP algorithms, calculating 
the sum of the products of two sets of operands (i.e., a two-term dot-product) is a frequently used operation. For 
example, this is required in the computation of the FFT and DCT butterfly operations. 
 

 
 

Fig:3 Floating-point fused dot-product unit. 
 

The exponent compare circuit for the floating-point fused two-term dot-product unit is based on the 
exponent compare [4] circuit for the Fused Dot Product that is shown in Figure 4 an 8-bit adder for single-precision 
IEEE floating-point to add the exponents of inputs. 

 
 

Fig: 4  Exponent Comparison Circuit. 
 
 The Fused DP units were implemented in Verilog-RTL. The rounding, normalization, and output circuits of 
the two multipliers are eliminated in the fused design, it is about 33 percent smaller and the delay is about 16 percent 
less than the discrete parallel implementation. In addition, the Fused DP unit provides slightly more accurate results 
because only one rounding operation is performed compared to the three rounding operations (one at the output of 
each multiplier and the other at the output of the adder) of the discrete implementation. 
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The leading zero anticipator (LZA) [6] circuit concept is shown in Figure 5. It is composed of a pre-
encoder and a leading zero detector. The LZA [6] circuit is necessary for normalization of the result especially for 
fused DP unit subtraction operations with massive cancellation (the result includes many leading zeros). 

 
 

Fig:5 LZA Circuit Concept. 
 
IV      FUSED FLOATING-POINT ADD- SUBTRACT UNIT 
 
The floating-point add-subtract unit (Fused AS) performs an addition and a subtraction as well in the parallel on the 
same pair of data 

X = A + B      and 
Y = A – B. 
This fused add-subtract unit is mainly based on a conventional floating-point adder [3]. The basic design 

here shown is to serve the demonstrate the concept [1]. The block diagram of the fused add-subtract unit is shown in 
figure 6.  
 The exponent difference calculation, significand swapping, and the significand shifting for both the add and 
the subtract operations are performed with a single set of hardware and the results are shared by both the operations. 
This significantly reduces the required circuit area. As a result, the exponents are equal, the smaller significand may 
be misidentified as the larger operand. In order to simplify the addition and the subtraction operations the sum, the 
result may overflow by 1- bit; in this case, the Round and Normalize unit downshifts the significand and sends an 
increment flag to the exponent adjust unit [3]. The exponent comparison circuit is shown in figure 7. 

 
 

Fig:6 Floating-point Fused add-subtract unit. 
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 The difference may be either positive or negative depending on which significand is larger, its sign is also 
passed to the sign logic to create the correct final sign of the difference. The sign logic also controls the multiplexers 
that select the correct exponents and significant for the sum and difference outputs. 
 

The characteristics of the conventional parallel discrete add subtract unit and the fused unit (Fused AS) are 
shown on Table I. 
 
TABLE I : Discrete Parallel and Fused Add-Subtract Comparison 
 

Function Discrete Fused 
Area(LE’s Used) 737 605 
Power 85.43mW 93.61mW 
Delay 4.7 ns 4.0 ns 
 
V      RADIX-2 FFT Butterfly 
 
The utility of the Fused DP and Fused AS units for FFT implementation, FFT butterfly unit designs using both the 
discrete and the fused units have been made [9]. A radix-2 decimation in frequency (DIF) FFT butterfly was 
designed. It has been shown in the figure 7. 

 
Fig:7 Radix-2 DIF FFT Butterfly. 

  
 The butterfly is the operation that is central to performing the FFT. The speed, area, power consumption 
and energy consumption of the butterfly operation have a direct impact on the overall performance of the FFT. It 
performs the following operations, and refer to the figure 8. 
 

X = A+B 
Y = (A-B) * W 
 

 
 

Fig:8  Radix-2 DIF FFT Butterfly Unit Concept. 
 

The complete butterfly consists of six real adders and four real multipliers as shown on the figure 9. In this 
and the following figure, all lines are 32-bits wide for the IEEE-754 single-precision data. The parallel approach 
requires two adds and one multiply operation in series while the serial approach requires four add operations, 
followed by 4 multiply operations followed by two add operations all in series. the serial approach will require 10 
clock cycles per butterfly: 2 clock cycles to perform the two adds needed to generate  xre and x im , 2 clock cycles to 
perform the two subtracts needed to generate are − bre and aim − bim , then 4 cycles to perform the 4 multiply 
operations with the twiddle factor’s real and imaginary parts; and finally 2 cycles to perform the final add and 
subtract operation needed to generate yre and y im which is shown in the Fig. 10. 
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Comparing the discrete and fused radix-2 butterfly units, the fused version requires about one-third less 
area and is about 15 percent faster than the discrete implementation. The area saving is the most significant, since in 
most signal processing applications, pipelining can be employed to achieve higher throughput than that which might 
be expected from the inverse of the worst-case delay. 
 

 
 

Fig:9 Parallel Implementation of Radix-2 Decimation in Frequency FFT Butterfly Unit. 
 

The discrete implementation would be partitioned with the four input adders in the first stage, the 
multipliers in the second stage and the output adders in the third stage. The fused implementation would be 
partitioned with the Fused AS in the first stage and two stages for the Fused Dot 
Product the first up through the carry save adder and the second stage for the addition, normalization, and rounding. 

Figure 10 shows the Fused implementation of Radix-2 DIF FFT Butterfly [6].

 
Fig:10 Fused implementation of Radix-2 DIF FFT Butterfly. 

 
VI     PROPOSED MODEL 
 
In recent days in all high radix booth algorithm recoding is changed from 2s-complement format to a signed-digit 
representation from the defined set. This is called modified booth algorithm. This will reduce complexity in 
recoding module [6]. 
 The exponent adder is an eight bit adder that adds the exponent fields of the two operands to generate the 
unrounded result exponent. The micro architecture of the significand multiplier is shown in Figure 11. The 
multiplier is implemented using Booth radix-8 recoding followed by Wallace reduction. The Booth encoder reduces 
the number of partial products. The partial product addition is performed with a Wallace carry save compression tree 
[6]. 
 In radix-8 recoding is similar to radix-4 but here we take four bits instead of three bits and then we 
represent that coded values in signed-digit representation. With radix-8 approach we can reduce number of partial 
products considerably. Both 2N and 4N is achieved by simple left shift of N. 3N is calculated by adding 2N and N. 
After this stage only we can generate partial products [6]. 
 This Multiplier Tree in Fig. 3 is replaced with the Radix-8 Booth Significand Multiplier. Due to this 
replacement the area has been decreased and speed (Fmax) has been increased when compared to both the 
conventional and Fused operand FFTs. 
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Fig:11  Radix-8 Booth Significand Multiplier 
 

 The differentiate of the conventional, Fused, and the proposed model see the comparison table II for Radix-
2. 
 
V II  CONCLUSION  
 
A serial approach used for applications with low area, power and energy budgets, while for applications that need to 
achieve high speed processing, the parallel 
approach is used with a large increase on the area, and power consumption. 

The use of two new floating-point primitives for speeding up digital signal processing hardware; a floating-
point fused two term dot-product (fused DP) unit, and a floating-point fused add-subtract (fused AS) unit. The new 
fused units use the IEEE-754 single-precision format and support all rounding modes. 

The proposed fused architectures have been specifically designed to address the problems of high latency, 
area, and power consumption for the floating-point implementation of DSP algorithms. The fusing concept could be 
extended to other types of computation extensive applications and might result in delay, area and power 
consumption reduction. 
 
TABLE II: Comparison between Conventional, Fused and Proposed.  

Function Area Power Delay 
Conventional 1809 85.43mW 5.9 ns 
Fused 1261 93.61mW 4.7 ns 
Proposed 989 98.79mW 4.4 ns 
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