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- Numerical Precision - Problem Statement

function innocent(x::Real, N::Int)
x = abs(x)
for i in 1:N x = sqrt(x) end
for i in 1:N x x"2 end
return x

end
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- Numerical Precision - Problem Statement

function innocent(x::Real, N::Int)
x = abs(x)
for i in 1:N x = sqrt(x) end
for i in 1:N x x"2 end
return x

end

julia> innocent(1.5, 3)
1.4999999999999991
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- Numerical Precision - Problem Statement

function innocent(x::Real, N::Int)
X = abs(x)
for i in 1:N x = sqrt(x) end
for i in 1:N x x"2 end

return x WT IF WE THED
end FEIHEZFIIJEII?

julia> innocent(1.5, 3) f}
1.4999999999999991
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- Numerical Precision - Problem Statement

function innocent(x::Real, N::Int)
x = abs(x)
for i in 1:N x = sqrt(x) end
for i in 1:N x x"2 end
return x

end

julia> innocent(1.5, 30)
1.4999996689838975
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- Numerical Precision - Problem Statement

function innocent(x::Real, N::Int)
X = abs(x)
for i in 1:N x = sqrt(x) end
for i in 1:N x x"2 end

return x WT IF WE THED
end FEIHEZFIIJEII?

julia> innocent (1.5, 30) f}
1.4999996689838975
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- Numerical Precision - Problem Statement

function innocent(x::Real, N::Int)
x = abs(x)
for i in 1:N x = sqrt(x) end
for i in 1:N x x"2 end
return x

end

julia> innocent(1.5, 51)
1.0

julia> innocent(1.5f0, 22)
1.0f0
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“ Numerical Precision - Not Always Obvious

What about a large code base? Are my results precise? How precise?
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https://github.com/AntonReinhard/PrecisionCarriers.jl

“ Numerical Precision - Not Always Obvious

What about a large code base? Are my results precise? How precise?

m Problems aren’t always just "catastrophic cancellation" or "long sums"
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“ Numerical Precision - Not Always Obvious

What about a large code base? Are my results precise? How precise?

m Problems aren’t always just "catastrophic cancellation" or "long sums"
m Problems might only appear for certain combinations of values
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“ Numerical Precision - Not Always Obvious

What about a large code base? Are my results precise? How precise?

m Problems aren’t always just "catastrophic cancellation" or "long sums"
m Problems might only appear for certain combinations of values
m What floating point width do | need for which resulting precision?
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“ Numerical Precision - Not Always Obvious

What about a large code base? Are my results precise? How precise?

m Problems aren’t always just "catastrophic cancellation" or "long sums"
m Problems might only appear for certain combinations of values

m What floating point width do | need for which resulting precision?

m Can | be confident in the resulting precision?
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https://github.com/AntonReinhard/PrecisionCarriers.jl

“ Numerical Precision - Not Always Obvious

What about a large code base? Are my results precise? How precise?

m Problems aren’t always just "catastrophic cancellation" or "long sums"
m Problems might only appear for certain combinations of values
m What floating point width do | need for which resulting precision?

m Can | be confident in the resulting precision?

Enter: PrecisionCarriers.jl
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https://github.com/AntonReinhard/PrecisionCarriers.jl

R PrecisionCarriers.jl

function innocent(x::Real, N::Int)
X = abs(x)
for i in 1:N x
for i in 1:N x
return x

sqrt(x) end
x"2 end

end

julia> innocent(precify(1.5), 20)
1.5000000000609477 <£=182989>
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R PrecisionCarriers.jl

function innocent(x::Real, N::Int)
X = abs(x)
for i in 1:N x
for i in 1:N x
return x

sqrt(x) end
x"2 end

end

julia> innocent(precify(1.5), 20)
1.5000000000609477 <£=182989>

julia> significant_digits(ans)
10.39113399962018
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R PrecisionCarriers.jl

function innocent(x::Real, N::Int)
X = abs(x)
for i in 1:N x
for i in 1:N x
return x

sqrt(x) end
x"2 end

end

julia> innocent(precify(1.5f0), 20)
1.454902 <e=260024>

julia> significant_digits(ans)
1.508676983628882
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= Small Example and Precision Benchmarking

using PrecisionCarriers
foo(x, y) = sqrt(abs(x™2 - y~2))
@bench _epsilons foo(x, y) ranges = begin
x = (0.0, 1.0)
y = (0.0, 1.0)
end search_method=:random_search samples=100_000
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Small Example and Precision Benchmarking

using PrecisionCarriers
foo(x, y) = sqrt(abs(x™2 - y~2))
@bench _epsilons foo(x, y) ranges = begin
X (0.0, 1.0)
y = (0.0, 1.0)
end search_method=:random_search samples=100_000
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= Small Example Improved

using PrecisionCarriers
foo(x, y) = sqrt(abs((x + y) * (x - y)))
@bench _epsilons foo(x, y) ranges = begin
x = (0.0, 1.0)
y = (0.0, 1.0)
end search_method=:random_search samples=100_000
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Small Example Improved

using PrecisionCarriers
foo(x, y) = sqrt(abs((x + y) * (x - y)))
@bench _epsilons foo(x, y) ranges = begin
x = (0.0, 1.0)
y = (0.0, 1.0)
end search_method=:random_search samples=100_000
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® Overview of Precision Packages

My personal opinions
m Base julia’s BigFloat

Pro: integrated in the base language
Pro: precision can be adjusted arbitrarily
Con: very slow

Con: allocates dynamically

m See also: ArbNumerics. jl
m MultiFloats.jl
Pro: fast through SIMD acceleration
Pro: available in x2 to x8 precision
Pro: statically based on base floating point types, no alloc, no dynamic calls, pure julia
Con: no IEEE 754 guarantees for NaN and Inf values
Con: no IEEE 754 precision guarantees
@ Con: no efficient usage of bits

m See also: DoubleFloats.jl, Quadmath. jl
m ValidatedNumerics. j1: guarantees that actual result lies in a given bound
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https://github.com/JeffreySarnoff/ArbNumerics.jl
https://github.com/dzhang314/MultiFloats.jl
https://github.com/JuliaMath/DoubleFloats.jl
https://github.com/JuliaMath/Quadmath.jl
https://github.com/JuliaIntervals/ValidatedNumerics.jl

- Discussion
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™ References
image source xkcd what-if: https://what-if.xkcd.com/13/
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