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Abstract

Many DSP techniques depend upon exclusive floating point
arithmetic for the dynamic range of operations which require
millions of calculations per second. Digital signal processing
of 1d and 2d signals need different mathematical calculations
which are mainly of complex data. Operations like FFT, Z
Transform constantly requires various Exponential Arithmetic.
Such computationally challenging techniques need computational
acceleration using Custom Computing Machines (CCMs)
being designed exclusively for the application. Floating point
operations require excessive memory and time for conventional
implementations. Therefore, custom formats for individual
applications like DSP are more feasible on CCMs, and can
be easily designed and implemented on a fraction of a single
FPGA. VHDL, facilitates the design and development of custom
operations without effecting the performance. Most of the processor
architectures are built to handle real and non exponential data.
Even though there are several architectures proposed over the
years to explicitly handle exponential arithmetic, none are targeted
for a specific DSP operation based on exponential arithmetic. In
this paper we propose design of a unique exponential arithmetic
unit for exponential addition.
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I. Introduction

Exponentiation is a number representation, represented as b",
which includes two numbers, the base b and the exponent n.
When n is a positive integer, exponentiation corresponds to
recursive multiplication. A product of n factors, each of which is
equal to b can be represented in equation 1

b"=bx..xb
\—W_J
" (D

The multiplication itself can be represented as repeated addition
like (2):

bxn=b+..+b
\—W_J
" 2
Therefore it is obvious that if a suitable ALU is designed to handle
precision exponential number addition, than it can in the same way
be used for exponential multiplication. Addition and subtraction
follows the same structure. And division operation can also be
developed with addiction and multiplication. Therefore a suitable
adder design is essentially the first step in designing a DSP unit
that can handle exponential operations. In order to understand
the design fundamental of exponential operations, we will further

try to understand the exponential notations and overview. The
exponentiation bn is read as: b raised to the power of n, or simply
b raised by the exponent of n,

Therefore exponential addition of two numbers

b3m=b1"i+bh2"? 3)
Here the objective is to determine b3 and n3, given {b1,nl} and
{b2,n2}. The representation clearly shows that any exponential
numbers can be represented as a pair of number where the
second number is the exponent. Further all the numbers can be
represented with a fixed based exponent. In such a representation
(3) becomes:

b3.e"=bl.e"+b2.e" @)
It is clear from (4) that if exponent parts can be made same at the
right hand side of equation 4, that exponent of left hand side will
also have the same value and result of addition can be simply
obtained by addition of non exponent parts along with supplying
the common exponent. The important mathematical constant e,
sometimes called Euler’s number, is approximately equal to 2.718
and is the base of the natural logarithm. Although exponentiation
of e could, in principle, be treated the same as exponentiation
of any other real number, such exponentials turn out to have
particularly elegant and useful properties. Among other things,
these properties allow exponentials of e to be generalized in a
natural way to other types of exponents, such as complex numbers
or even matrices, while coinciding with the familiar meaning of
exponentiation with rational exponents. As a consequence, the
notation ex usually denotes a generalized exponentiation definition
called the exponential function, exp(x), which can be defined in
many equivalent ways, for example by:

exp(x) = lim (1 + fj
A (%)

Among other properties, exp satisfies the exponential identity:

exp(x+ ) = exp(x). exp() ©
The exponential function is defined for all integer, fractional,
real, and complex values of x. Since is equal to e and satisfies the
exponential identity, it immediately follows that exp(x) coincides
with the repeated-multiplication definition of ex for integer x,
and it also follows that rational powers denote (positive) roots as
usual, so exp(x) coincides with the ex definitions in the previous
section for all real x by continuity. It is clear from equation (4)-(6)
that exponential arithmetic is important aspect even for floating
point representation where exponent part is real negative. In
order to generalize the operations, IEEE proposed a format for
exponential/ floating point arithmetic numbers which is drafted
as IEEE 754-1985 [5]. Common representation of the numbers
is given below.

Table 1: Common Representation of the Numbers as per IEEE 754 [5]

Name Base Digits E min E max Decimal Digits Decimal E max
decimal3?2 10 7 —95 +96 7 96

decimal64 10 16 —383 +384 16 384
decimal128 10 34 —6143 +6144 34 6144
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Decimal digits is digits % log10 base, this gives an approximate
precision in decimal.

Il. Related Work

Multiple executions can be done using pipelining. Performance
of ALU can be increased by pipelining which is realized using
VHDL [1]. An approach for the design of FPM is developed and
presented synthesis on FPGA circuit of the same with 4-bit for
fraction and exponent using VHDL successfully [2]. Feasibility of
the use of floating point arithmetic in back propagation algorithms
on single FPGA platforms was examined. Quantization errors in
calculations occur due to 16-bit fixed point limited precision. [3].
LNS offers faster multiplication with the expense of addition and
CLNS is better than using LNS [4]. IEEE754 can be implemented
and can be realized fully in software or hardware or using both.
Conversions shall be monotonic, which means increase in the
value of binary floating point number will not get decreased after
conversion to decimal string and vice versa [5]. Utilization of less
chip area means the number of slices used in the reconfigurable
hardware is less [6]. Designs for decimal floating point addition
and subtraction for single precision in IEEE - 754 were presented
[7]. Different techniques which results in direct decimal sums
have been discussed [8]. Circuit based implementation and ALU
design, algorithms and speeding up of algorithms using parallel
processing is discussed [9].

lil. Proposed System
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Fig. 1: Simple Architecture of the Proposed System
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Fig. 2: Representation of a Single Precision Floating Point
Number

In this work we will use decimal32 single precision floating point
numbers.

The number value is interpreted as

V=-192€120 x 1 .f @)
Let us now consider the representation of a number -3.625.
v=-1121281201 1101

where:

s =1, e = 128 (dec) 80 (hex), and f = 680000 (hex). Therefore
-3.625 is stored as: C0680000 (hex).
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A. Algorithm

If sign bits of both the numbers are same.

1. Let us assume that two numbers xa,xb be represented as
xa=da+Ea, xb=db+EDb.

2. If xa<xb, swap both the numbers such that xa>xb

3. Compare the exponents only. If Eal=Eb. Compute Exponent
difference.

4. Shift the mantissa of the number whose exponent is smaller
by exp-diff along with hidden bit.

5. Increment Exponent at each shift such that both the exponents
are same.

6. Perform mantissa addition including hidden bit.
If sign bits of both the numbers are different

7. Take 2’s compliment of the Mantissa of the number Whose
sign bit is +ve such that both numbers have same -ve sign.

8. Repeat the process from 3 to 5 and perform substraction
instead of addition in step 6 If sign bits are same and Ea=Eb
than

9. Add hidden bit to mantissa and compute the addition of
floating point mantissa along hidden bit. If carry is generated,
right shift mantissa along with carry for 1 bit.

10. If no carry, check hidden bit. If hidden bit is 1, than result
is normalized

11. If hidden bit is 0, then shift mantissa left till hidden bit is 1
till hidden bit becomes 0. count number of shifts.

12. Adjust the exponent by decrementing it to the count number
of times

The main contribution of the proposed work is developing a 20

bit number system that represents the floating point numbers in

Exponent-Mantissa format and introduction of a hidden bit as

the MSB of Mantissa. This hidden bit significantly reduces the

number of explicit instructions to be performed by CPU for any

floating point arithmetic.

Table 2: Example of Addition of Two Numbers

S EXP H Mantissa

0 10001010 1 0000000000
0 10001010 1 0000100000
0 10001010 0 0000100000
0 10001010 1 0000010000

IV. Results

Number of Addition v/s Average
Instructions
- 7
§ 6
5 5 —
E 4
E 3
i 2
e
= 1
z 0
10 20 i0 50
——Propased 3.27 332 3.35 34
= 18-bit Floating Point 441 4,66 4,75 4.77
3.2-bit floating point 5.29 5.8 59 5.96

Fig. 3: Comparison of Proposed Technique with Other Floating
Point Values for Different Number Additions
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Fig. 4 shows the result of step by step calculation of each stage as
described in the methodology section. It represents dividing the
number into mantissa and floating part, processing them separately
and finally integrating the result as its chip output.

Fig. 5 shows the simulation result of addition of two floating point
numbers by following fixed point arithmetic. It clearly justifies that
the calculation period for the proposed system is very nominal.

ISSN : 2230-7109 (Online) | ISSN : 2230-9543 (Print)

Performance is tested with a real time FPGA device with 100Mhz
clock. Explicit instruction is defined as total number of instructions
including comparison, shifting and addition. Numbers are selected
randomly with random sign bits. It is clear that the average number
of instructions to be performed by the CPU for the same purpose
is substantially low for the case of proposed system.

Fig. 5: Result of Addition of Two Floating Point Numbers
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V. Conclusion

IEEE 754 provides a very good documentation about performing
fixed point floating number arithmetic. However the number pattern
is inefficient while taking into consideration of DSP applications.
This is due to high memory and time cycle required by such
operations. In this work we have developed a unique 20 bits
number pattern for performing the same along with introducing
a hidden bit in Mantissa for quick normalization of the result.
The performance of the proposed system is way better than both
standard 18-bit DSP suitable number pattern and 32 bit pattern
proposed by IEEE 754. The number of instructions is reduced
by checking the hidden bit similarity in both the numbers which
reduces the complexity of the process performed by the processor.
Further the most significant comparisons and shifting are 1 bit
which reduces the over burden of excessive memory.
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