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Abstract: For DSP application that requires a large
dynamic range floating point implementations are
more suitable than fixed point representation
Floating point arithmetic is much useful in the
implementation of various DSP applications as it
allows the designer and the user to concentrate on
the algorithms and architecture without worrying
about the numerical issues. Many applications use
floating point hardware to perform DSP tasks in
real time and hence overcome the limitations
imposed by the use of fixed point numeric systems.
The multi-functional floating-point unit includes a
multiplier unit, a fused Add-Subtract unit which
uses hardware more efficiently in comparison to the
separate unit blocks for each operation. This
method reduces the area of the designed block but
the speed of operation is also reduced. The blocks
are reduced based on the common operation
between each designed unit.

1. Introduction
Fixed-point arithmetic has been used for the
longest time in computer arithmetic calculations due
to its ease of implementation compared to floatingpoint arithmetic and the limited integration
capabilities of available chip design technologies in
the past. The design of binary fixed-point adders,
multipliers, subtractors, and dividers has been
covered in numerous textbooks and conference
papers. However, advanced technology applications
require a data space that ranges from the
infinitesimally small to the infinitely large. Such
applications require the design of floating-point
hardware. A floating point number representation
can simultaneously provide a large range of
numbers and a high degree of precision. As a result,
a portion of most microprocessors are often
dedicated to hardware for floating point
computation. Floating-point data representation
provides a wide dynamic range, which makes DSP
designers free from scaling and overflow/underflow
concerns that arise with fixed point representations.
Much research has been done on the floating
point fused multiply add (FMA) unit [1]. It has
several advantages over discrete floating point

Imperial Journal of Interdisciplinary Research (IJIR)

adders and multipliers in a floating point unit
design. An FMA unit can reduce the latency of an
application that executes a multiplication followed
by an addition; this unit may entirely replace a
processor’s floating point adder and floating point
multiplier. Many DSP algorithms have been
rewritten to take advantage of the presence of FMA
units. For example in [2] a radix-16 FFT algorithm
is presented that speeds up FFTs in systems with
FMA units. High throughput digital filter
implementations are possible with the use of FMA
units [3]. FMA units are utilized in embedded signal
processing and graphics application [4], used to
perform division [5], argument reduction [6], and
this is why the FMA has become an integral unit of
many commercial processors such as those of IBM
[7], HP [8] and Intel [9].
Similar to operations performed by a FMA, in other
fields, both the sum and difference of a pair of
operands are needed for subsequent processing.
Another frequently used DSP operation is
calculating the sum of the products of two pairs of
operands (dot product). For example, these
operations are required in computation of FFT and
DCT butterfly operations.
Traditional floating- point unit may perform these
operations in a serial fashion. These operations may
be performed in parallel, which is expensive.

1.2 Traditional Floating Point Add
Subtract Unit
In traditional floating-point hardware arithmetic
operations may be performed in a serial fashion
which limits the throughput. Alternatively, the
addition and subtraction may be performed in
parallel with two floating-point adders which is
expensive (in silicon area and in power
consumption)
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DCT butterfly operation, vector multiplication and
the wavelet transform could all benefit largely from
the speed up offered by this unit.
The numerical operation performed by this unit can
be used to improve many DSP algorithms.
The FDP unit [11] performs the following
operation:
y=a*b±c*d
Figure 1: Discrete parallel floating-point add-subtract
unit

The block diagram of the FDP unit is shown in
figure 4.

Figure 4: Fused Dot Product Unit Concept.
Figure 2: Serial floating-point add-subtract unit

The fused add subtract (FAS) unit executes at the
same speed and provides substantial saving in area
and power consumption when compared to the
conventional parallel approach used to realize the
simultaneous add subtract.

2. Review on Floating Point Arithmetic
units

1.3 Fused Add-Subtract unit

A circuit device includes a first input to receive a
first operand and a second input to receive a second
operand. The circuit device further includes sign
logic to receive sign bits associated with the first
and second operands and to determine first and
second sign output values and includes exponent
difference and select logic to receive exponent bits
from the first and second operands and to determine
an exponent adjustment value and a shift control
signal. The circuit device also includes first and
second 2:1 multiplexers to select from the first and
second operands to produce first and second values
and includes a shift circuit adapted to shift the
second value based on the shift control signal.
Further, the circuit device includes an add/round
and post-normalize circuit to add the first value and
the shifted second value to produce a sum and to
round and normalize the sum to produce a sum
output and includes a subtract/round and postnormalize circuit to subtract the first value and the
shifted second value to produce a difference and to
round and normalize the difference to produce a
difference output. The circuit device further
includes logic to combine the first sign output value
and the sum output to produce a sum result at a first
output and to combine the second sign output value
and the difference output to produce a difference
result at a second output.
The architecture of the fused add-subtract unit
[10] is derived from the floating-point add unit. The
exponent difference, significant shift and exponent
adjustment functions can be performed once with a

In many algorithms in DSP and other fields both
of the sum and difference of a pair of operands are
needed. For example, this is required in
computation of the FFT & DCT butterfly
operations. The uses of fused add-subtract (FAS)
unit
accelerates
the
butterfly
operation.
Alternatively, add and subtract may be performed in
parallel with two independent floating-point adders
which is expensive (in silicon area and in power
consumption).

Figure 3: Fused floating-point add-sub unit

1.4 Fused Dot Product Unit
The numerical operation performed by this unit
can be used to improve many DSP algorithms.
Specifically, multiplication of complex operands
benefits greatly from the FDP. For example,
implementations of the FFT butterfly operation, the
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single set of hardware, with the results shared by
both add and the subtract operations. The blocks
with green background are additional blocks used to
perform the subtract operation, and the blocks with
yellow background are similar to the floating-point
add blocks, but with extended functionality to
calculate the sign and exponent for the new subtract
operation.

Figure 5: Floating-Point Add-Subtract Unit [13]

approach is expensive in silicon area and in power
consumption. The floating-point fused two-term
dot-product unit architecture is derived from the
architecture of a floating-point fused multiplieradder.

2.3. Floating-Point Fused Add-Multiply
Unit
Multiplication operation can be done as a
successive addition which introduces delay in the
processing. In which implementation of this
technique with delay constraints leads to more
challenging because the internal modules generate
delay in propagation of processed output of adder
unit. With a solution to this problem, the optimized
method of multiplier and adder units are fused in a
single module with modified booth encoding called
Fused add multiply (FAM) is designed [12].
The first FMA is introduced in 1990 by IBM
RS/6000. After that FMA is implemented by several
companies like HP, MIPS, ARM and Intel. It is a
key feature of the floating-point unit because it
greatly increases the floating-point performance and
accuracy since rounding is performed only once for
the result addition-multiplication rather than twice
for the multiplier and then for the adder.

2.2 Floating-Point Fused two term DotProduct unit
This unit performs single-precision floating-point
multiplication and addition operations on two pairs
of data in a period of time that is only 150% greater
than that required for a single conventional floatingpoint multiplication. This unit uses the IEEE-754
single-precision format and supports all rounding
modes. The fused dot-product unit occupies about
less area needed to implement a parallel dot-product
unit using conventional floating-point adders and
multipliers implemented with the same process. The
speed of the fused dot-product is faster than the
conventional parallel approach. The numerical
result of the fused unit is more accurate because
only one rounding operation is used, versus three
for the conventional approach. Calculating the sum
of the products of two sets of operands is a
frequently used operation in the computation of the
FFT and DCT butterfly operations. In a traditional
implementation, the dot-product is performed with
two multiplications and an addition. These
operations may be performed in a serial fashion by
utilizing a single adder and a single multiplier with
multiplexers and registers for intermediate results. It
has low throughput, has a small area and low power
consumption. Alternatively, the multiplications may
be performed in parallel with two independent
multipliers followed by an adder. This parallel
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Figure 6: Fused Multiplier-adder architecture [15]

3. The Fast Fourier Transform (FFT)
algorithm
A Fast Fourier Transform, or FFT, is not a new
transform, but is a computationally efficient
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algorithm for the computing the DFT. While it
produces the same result as the other approaches, it
often reduces the computation time by a factor of
ten or more for large sequences. Gauss was the first
to propose the techniques that we now call the fast
Fourier transform (FFT) for calculating the
coefficients in a trigonometric expansion of an
asteroid’s orbit in 1805. FFTs achieved widespread
awareness and impact with the Cooley and Tukey
algorithm published in 1965.
There are two flavors of the FFT algorithm;
decimation in time (DIT) where the time domain
sequence is split into even and odd parts for
processing, or decimation in frequency (DIF) where
the frequency components are divided into even and
odd parts for processing. The DIF and DIT are both
equivalent algorithms and it is straight forward to
convert from one to the other. Both the DIT and
DIF can accept inputs either in order or in bit
reversed order to produce bit reversed or in order
outputs, respectively.

Figure 8: Parallel implementation of Radix-2
Decimation in frequency FFT Butterfly unit

4. Results
Table 1 [13] provides comparison of Adder unit,
Add-Sub unit and Multiplier unit on the basis of
Power analysis.
Table 1: Power analysis

Power
Analysis

Add-Sub
unit
190.04mw

Multiplier
124.38mw

The area and latency of the two conventional
approaches and the FDP unit are compared in Table
2 [14].
Table 2: Comparison of Radix-2 Butterfly approaches

Unit

Figure 7: Radix-2 Butterflies

Adder
unit
136.02
mw

FP Adder
Fused
Add-Sub
FP
Multiplier
Fused DotProduct

Area
(μm2)
3,811
5,947

Latency
(ps)
1,644
1,804

Power
(μW)
1,302
2,051

9,482

2,721

5,877

16,104

4,621

7,205

3.1. Radix-2 Butterfly Design Approach

5. Conclusion
There are multiple conventional approaches that
can be taken for an implementation of the floatingpoint radix-2 FFT butterfly function.
Two of the possible implementations are the parallel
approach and the serial approach. The parallel
implementation uses six adders and four multipliers
that operate in parallel. The serial implementation
uses two adders, a multiplier, as well as
multiplexers and storage elements to realize the
butterfly function.

This paper concludes that, after comparing
conventional and fused floating point arithmetic
units, the fused approach is best suited for DSP
applications. The fused dot product is intermediate
in area between the conventional serial and the
conventional parallel approach and about half that
of the conventional serial approach. Its latency is
about 80% of that of the conventional parallel
approach and about half that of the conventional
serial approach.

6. Future Work
The fused add-subtract and fused two-term dotproduct primitive units can be used to realize many
other DSP algorithms, including the basic butterfly
computation of the discrete cosine transform and
many forms of the wavelet transform.
The proposed fused add-subtract and two-term
dot-product designs were implemented with no
pipelines. The two units could be redesigned
employing pipelining to achieve higher operation
speeds. If proper pipeline gating were employed,
then power consumption could be reduced as well.
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The fused two-term dot-product unit can be
modified to perform two-term addition, two-term
subtraction, and fused multiply add. If the
implementation results show a reasonable overhead
over an equivalent fused multiply-add unit then the
enhanced fused two-term dot-product unit could be
used as a building block for microprocessors and
digital signal processors.
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