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Abstract

Almost all recent microprocessors and DSP chips perform addition, subtraction, mul-
tiplication and division in hardware. However, studying their performance reveals
that division is not carried out as fast as the other three operations. One investigation
shows that while floating-point division, with about 3% of the dynamic floating-point
instruction count, seems to be a relatively unimportant instruction, it may cause about
40% degradation to the overall system performance.

Several mathematical algorithms have been developed over the past 50 years to
perform division quickly, with high precision. However, only a few are suitable for im-
plementation in VLSI. Among them, digit recurrence algorithms are the most widely
accepted methods of performing floating-point division in the latest processors. A
survey shows that out of 13 recent processors, 11 use SRT division' for performing
floating-point division. Investigations show that SRT division gives the best trade-
off between delay and area. Selecting SRT division for implementing floating-point
division is a reasonable choice because, unlike the other class of division algorithms,
i.e. functional, it produces a correctly rounded quotient conforming to the IEEE 754
standard.

There are techniques for improving the performance of SRT division. Of these,
increasing the speed of quotient digit selection (QDS), making the best balance between
the radix and the redundancy factor, representing the partial remainder in a redundant
form, converting the quotient from redundant to conventional form the on-the-fly and
overlapping the division recurrence components are the most important.

In this thesis a different method of implementing the QDS function is proposed. This
approach, which is described mathematically and architecturally, is based on the new
comparison multiples idea. Unlike the traditional implementation of the QDS function,

which searches for the quotient digit in a lookup table, the proposed method calculates

ISRT division is a type of non-restoring digit recurrence division.

XV



the quotient digit directly in sign and magnitude format. This approach almost halves
the fan out of some critical path components, which therefore operate faster. Having
received the truncated partial remainder, the QDS function compares it with truncated
multiples of the divisor to find the range in which the partial remainder belongs. The
results of the comparisons are converted to the magnitude of the quotient digit using
simple logic called the coder. Concurrently, another circuit checks the truncated partial
remainder to determine whether the quotient digit is negative. This circuit operates
off the critical path since the comparison multiples based QDS function calculates the
sign and magnitude of the quotient digit separately. Having applied these changes, a
taster QDS function and consequently, a shorter critical path delay for the floating-point
divider is obtained. Implementations of radix-4 and radix-16 floating-point dividers
are investigated and optimised to further decrease the cycle time.

The idea of comparison multiples is extended to radix 10 to implement a decimal
floating-point divider complying with the IEEE 754R standard. To achieve this goal,
decimal signed-digit arithmetic along with implementations of carry-free addition and
subtraction are proposed. The original comparison multiples based implementation of
high-radix SRT division is modified to suit radix 10.

The binary and decimal implementations of comparison multiples based division are
evaluated for delay. Using the method of logical effort, the radix-4, radix-16 and decimal
floating-point dividers are found to be faster than corresponding circuits reported in

the public literature.
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r radix
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rem remainder
p redundancy factor
sign (IEEE 754 standard)
sticky bit (rounding)
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Sk separating point
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SQ quotient sign
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w[j+1] (j+1)-thPR
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x dividend significand or coefficient
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zC 9’s complemented z
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Computer Aided Design

Carry-Free Adder
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Convert and Round
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Decimal Floating-Point
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Electronic Design Automation
Floating-Point
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Institute of Electrical and Electronics Engineers
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RTL
RTNE
SD
SRT

TBSU
TDSU
VLSI

Programmable Logic Array

Partial Remainder

Quotient Digit Selection

Round-Half-Even

Register Transfer Language
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Signed-Digit
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Transfer Bit Selection Unit
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