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Speeding Up Exact Real Arithmetic on Fast Binary Cauchy Sequence

by Using Memoization Based on Precision Intervals
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Exact real arithmetic (ERA) is a methodology that provide us ways to obtain numerical results of arbitrary
precision. Approaches to carry out ERA include the usage of Fast Binary Cauchy Sequences (FBCSs), that
are infinite sequences of integers, to denote real numbers. Arithmetic on FBCS can be implemented using
facilities to deal with unlimited-length integers under lazy evaluation, where each function representing a real
value generate an approximated value with enough precision with respect to the limit given via arguments.
Numerical programs are constructed with those functions and the user can obtain approximated results at
desired precision in, e.g., finite sequences of figures. However, it is impractical to apply naively implemented
ERA functions on FBCS to programs such as matrix computations where many common subexpressions
exist; since representing each subexpression as a function prevents sharing of approximate numbers among
expressions, the blowup of the amount of computation is unavoidable. Although memoization might alleviate
the situation, the effect is limited since required precisions for subexpressions tend to be various. In this talk,
we present an extension of ERA on FBCS that is applicable to memoization based on precision intervals.
Numerical experiments using prototype libraries in Haskell demonstrated that, in some limited situations,
our approach outperformed known algorithms.
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