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Single Precision Floating Point Divider Design
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Abstract— Growth in Floating Point applications and mainly its usage in reconfigurable hardware have made it critical to
optimize floating point units. Divider is of particular interest because the design space is large and divider usage in applications
varies widely. The design presented in this paper covers a range of performance, area and throughput constraints. Floating point
numbers can be represented by single and double precision respectively. A design for single precision floating point divider was
done in Verilog and was synthesized using Xilinx and Synopsys tool. The path delay, device utilization was also determined
successfully.
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I. INTRODUCTION

Reconfigurable hardware mainly FPGAs and DSP processors use floating point operations in configuring the real time data. This
paper presents the implementation of a 32 bit single precision IEEE 754 standard floating point divider which is designed with
the power of handling rounding and exceptional cases of division like Not A Number along with special cases of floating point
numbers like de-normal, real zero, infinite positive and negative values.

In recent FPUs, importance has been given in developing fast adders, subtractors and multipliers with very less
emphasis on dividers. But to deal with the upcoming new technologies, an efficient implementation of division is inevitable. As
such many algorithms were developed for dividers including subtractive methods, functional iterations and high radix algorithm
for faster computation which further required multipliers and thus consumed large area and power. To account for this drawback,
digit recurrence algorithm[1],[2],[3],[4] which uses subtraction along with non-restoring method for computation as it consumes
much less area and power.

In the beginning, floating-point divider dealt with obtaining the value of denominator inverse from the LUT which is
then multiplied with numerator[5],[6]. But this method was favourable only for small dividers. Following this, divider design
with newton-Raphson, Taylor series iterations was developed which had the drawback of high latency[7],[8].To speed up the
dividing process, an algorithm based on higher radix SRT [9],[10]was introduced which is complex in nature and is commonly
employed for microprocessors.

This paper gives architecture for floating point divider where the divider core employs a fixed point division based on
binary digit recurrence algorithm .The area, power and delay parameters are also found out using Synopsys design compiler and
IC compiler and was also synthesised in Xilinx.

Il. FLOATING POINT REPRESENTATION

Floating point is a method of representing a wide range of real values. A floating point number can be represented in the form: +
mxb® ,where e the exponent, m the mantissa and b the base or radix. The IEEE Standard 754 for binary floating point number
representation which includes single precision with 32 bit wide and double precision with 64 bit wide format.

This section briefly examines the single precision floating point representation. The MSB starts from the left which is one bit

width sign, following eight bit width exponent and 23 bit width mantissa (significand) or fractional part.
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Fig 1.1 Single Precision Format

The value can be represented as:
Normalized value: (-1)*x2°x(1.)
Denormal or Subnormal value: (-1)°x 27°x(0.f) where,
s= 0 for positive and 1 for negative
f= (b23_1 +b22_2+b21_3+bin+ ......... +bo_23) ) bin= Oor1l

When the leading bit of mantissa is 1, commonly referred to as hidden bit followed by the radix point and the 23 bit fractional
part, then the representation is said to be normalized.
e= unbiased exponent

The exponent can hold both positive and negative value. The value range of unbiased signed integer is [-128,127] or unsigned
integer [0,255]. A bias of 127 is added to actual exponent e, to make negative exponents possible without using a sign bit.
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For the biased exponent E, E..=255 and E;;=0 are reserved for special quantities: The number zero which can be
positive or negative is represented with E=0 and f=0 .The hidden bit is always 0 ; Denormalized numbers which can also be
positive or negative are represented with E=0 and f#0, which implies the value of e= -128 and mantissa M=0.f.The hidden bit is
0 ; Positive or negative Infinity have E=255 and a fraction f=0 including the hidden bit ; Finally, an exponent E=255 and a
fraction f£0 represents the symbolic unsigned entity NaN (Not a Number),which can be QNaN (Quiet NaN) produced by
operations like 0/0,00/0 and SNaN (Signalling NaN) is signalled if operations like division by 0 or negative square roots are
encountered. The exceptional cases of underflow and overflow property should be also encountered. .i.e. whenever the floating
point division result exceeds the minimum or maximum value of the restricted exponent range,

To increase the precision of the floating point division result, rounding is necessary. For this, three bits known as guard,
round and sticky bits were temporarily added internally to the actual fraction. While guard and round bits are the normal storage
holders, the sticky bit is turned ‘1°, whenever a 1 is shifted out of range. Here, the standard default rounding employed is ‘Round
to nearest even mode’. The value is rounded up or down to the nearest infinitely precise result. If the value is exactly halfway
between two infinitely precise results, then it should be rounded up to the nearest infinitely precise even.

1. SINGLE PRECISION FLOATING POINT DIVISION ARCHITECTURE
This division architecture comprises of sign, exponent and mantissa computation sectors. Initially, the divider receives two 32 bit
floating point numbers as its operands. The most significand steps in the calculation of the quotient Q of two normalized
numbers A, the dividend and B, the divisor are as follows:
The primary aim in the computation process is to unpack these numbers by separating the floating point numbers into the
corresponding sign bits, exponent bits and mantissa bits. The sign logic is a simple XOR operation. The exponent is calculated
by adding the bias to the subtracted result of exponents.i.e. Eq=Ea-Eg+127.Mantissa division block performs fixed point division
using digit recurrence algorithm, which includes the following steps: First, the remainder of the division is set to the value of the
dividend followed by subtracting the divisor value from the remainder. If the result is positive or zero, the MSB of the quotient is
1 or else 0.The remainder is shifted left each time after the subtraction process and the whole process continues for n times
(equal to mantissa bit length) to obtain the quotient value. After this, the output of the mantissa has to be normalized i.e. mantissa
part has to be left shifted so as to make the MSB 1 and correspondingly, changes has to be made to the exponent part also. After
normalization, the output has to undergo the rounding control process, where the three bits namely ‘guard’, ‘round” and ‘sticky’
bits are stacked to the LSB of the 24 bit significand part and the round to the nearest even is performed.
Along with this, corresponding changes are to be made through exponent adjustment block.
Finally, the output from sign block, exponent adjustment block and the rounding block are concatenated in the packing block to
produce the final quotient.

To deal with the denormal inputs, a special block with a priority encoder and left shifter is included. The priority
encoder functions to detect the position of leading one in the inputs and the left shifter shifts the mantissa part to so much value,
so that the mantissa part is presently in normalized form and can be presented to the divider core.
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Figl.2 Architecture of Single Precision floating point divider

V. RESULTS

A. Simulation results

The simulations were carried out in Model Sim 5.7g. The implementation of the single precision floating point divider was done
using Verilog and result was verified with different values.
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Fig 1.3.Simulation result of fixed point divider using digit recurrence algorithm
B. Device Utilization
The hardware amount utilization was obtained from Xilinx. This report gives the information that the divider design is
FPGA synthesizable, with the efficient utilization of 1% of the device.
Fig 1.4.Device Utilization Report

LOGIC UTILIZATION USED AVAILABLE
Number of slices 166 14752
Number of slice Flip Flops 131 29504
Number of 4 Input LUTs 256 29504
Number of Bonded I0Bs 125 376

C. Delay Calculation: Divider compilation gave 10.305 ns of maximum combinational path delay.
D. Areaand Power

COMBINATIONAL AREA USAGE 4756.377nm"
TOTAL CELL AREA 8439.099nm”
TOTAL DYNAMIC POWER 45.2305pW
CELL LEAKAGE POWER 27.1779uW

Fig 1.5. Area and Power Chracteristics

V. CONCLUSION
This paper presents a vibrant design for single precision floating point divider with exceptional cases handling capability.
The characteristic features of the divider such as area, power, latency etc. were determined using Xilinx and Synopsys tools.
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