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1 CHANGES

v0 . 4 be t t e r s in , cos , tan
v0 . 3 . 1 use complex−g ene r i c
v0 . 2 . 1 f i x ed po int
v0 . 2 g ene r i c IEEE− i s h

5 v0 . 1 . 1 f i x ed f o r ghc −7 . 0 . 4
v0 . 1 i n i t i a l r e l e a s e

2 fast/Numeric/VariablePrecision/Integer/Logarithm.hs

{−# LANGUAGE MagicHash #−}
module Numeric . Va r i ab l ePr e c i s i on . I n t eg e r . Logarithm where

import GHC. Exts ( Int ( I#))
5 import GHC. In t eg e r . Logarithms ( integerLog2#)

integerLog2 : : I n t eg e r −> Int
integerLog2 n = I# ( integerLog2# n)

3 .gitignore
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d i s t

4 LICENSE

Copyright ( c ) 2012 , Claude Heiland −Allen

Al l r i g h t s r e s e rved .

5 Red i s t r i bu t i on and use in source and binary forms , with or without
mod i f i ca t i on , are permitted provided that the f o l l ow i ng cond i t i on s are met :

∗ Red i s t r i bu t i on s o f source code must r e t a i n the above copyr ight
not i ce , t h i s l i s t o f c ond i t i on s and the f o l l ow i ng d i s c l a ime r .

10

∗ Red i s t r i bu t i on s in binary form must reproduce the above
copyr ight not i ce , t h i s l i s t o f c ond i t i on s and the f o l l ow i ng
d i s c l a ime r in the documentation and/or other mat e r i a l s provided
with the d i s t r i b u t i o n .

15

∗ Neither the name o f nor the names o f other
c on t r i bu t o r s may be used to endorse or promote products der ived
from th i s so f tware without s p e c i f i c p r i o r wr i t t en permis s ion .

20 THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
”AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

25 SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES ; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY , WHETHER IN CONTRACT, STRICT LIABILITY , OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE

30 OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

5 Numeric/VariablePrecision/Algorithms.hs

{−# LANGUAGE BangPatterns #−}
{− |
Module : Numeric . Va r i ab l eP r e c i s i on . Algorithms
Copyright : ( c ) Claude Heiland −Allen 2012

5 License : BSD3

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : BangPatterns

10

Implementations o f va r i ous f l o a t i n g po int a lgor i thms . Accuracy has not
been ex t en s i v e l y v e r i f i e d , and terminat ion has not been proven .

Everything assumes that ’ f loatRadix ’ i s 2 . This i s ∗not∗ checked .
15

Functions tak ing an @accuracy@ parameter may f a i l to terminate i f
@accuracy@ i s too smal l . Accuracy i s measured in l e a s t s i g n i f i c a n t
b i t s , s im i l a r l y to ’(=˜=) ’ .
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20 In t h i s documentation , / ba s i c f u n c t i o n a l i t y / denotes that methods used
are from c l a s s e s :

∗ ’Num’ , ’Eq ’ , ’Ord ’ .

25 Further , / ba s i c RealFloat f u n c t i o n a l i t y / denotes / ba s i c f u n c t i o n a l i t y /
with the add i t i on o f :

∗ Anything in ’ RealFloat ’ except f o r ’ atan2 ’ .

30 The i n t en t i on behind the used f u n c t i o n a l i t y documentation i s to he lp
u s e r s dec ide when i t i s appropr ia t e to use these g en e r i c implementat ions
to implement i n s t an c e s .

−}
35 module Numeric . Va r i ab l ePr e c i s i on . Algorithms

( recodeFloat
, viaDouble
, (=˜=)
, gener i cRec ip

40 , g en e r i cSq r t
, gener icExp
, gener icLog
, gener icLog ’
, gener icLog2

45 , gener icLog ’ ’
, g ene r i cP i
, g en e r i cS i n
, g en e r i cPo s i t i v eZ e r o
, gener i cNegat iveZero

50 , g e n e r i c P o s i t i v e I n f i n i t y
, g e n e r i cNe g a t i v e I n f i n i t y
, genericNotANumber
, sameSign
) where

55

import Data . B i t s ( b i t , sh i f tR )
import Data . L i s t ( f o l d l ’ )

−− | Spe c i a l va lue s implemented us ing ba s i c RealFloat f u n c t i o n a l i t y .
60 gene r i cPo s i t i v eZe ro , gener i cNegat iveZero , g e n e r i cP o s i t i v e I n f i n i t y , ⤦

Ç g en e r i cNega t i v e I n f i n i t y , genericNotANumber : : RealFloat a => a

g en e r i cPo s i t i v eZe r o = 0

gener i cNegat iveZero = −0
65

g e n e r i c P o s i t i v e I n f i n i t y = r e s u l t
where

r e s u l t = encodeFloat m e
m = b i t ( f l o a tD i g i t s ( undef ined ‘ asTypeOf ‘ r e s u l t ) )

70 e = snd ( f loatRange ( undef ined ‘ asTypeOf ‘ r e s u l t ) )

g e n e r i cNe g a t i v e I n f i n i t y = r e s u l t
where

r e s u l t = encodeFloat ( negate m) e

4
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75 m = b i t ( f l o a tD i g i t s ( undef ined ‘ asTypeOf ‘ r e s u l t ) )
e = snd ( f loatRange ( undef ined ‘ asTypeOf ‘ r e s u l t ) )

genericNotANumber = g e n e r i c P o s i t i v e I n f i n i t y + g en e r i cNe g a t i v e I n f i n i t y

80

−− | Convert between g ene r i c ’ RealFloat ’ types more e f f i c i e n t l y than
−− ’ realToFrac ’ . Tr i e s hard to pre s e rve s p e c i a l va lue s l i k e
−− i n f i n i t i e s and negat ive zero , but any NaN payload i s l o s t .
−−

85 −− Uses only ba s i c RealFloat f u n c t i o n a l i t y .
−−

recodeFloat : : ( RealFloat a , RealFloat b) => a −> b
recodeFloat ! x

| isNaN x = genericNotANumber
90 | i s I n f i n i t e x && x > 0 = g e n e r i c P o s i t i v e I n f i n i t y

| i s I n f i n i t e x && x < 0 = gen e r i cNe g a t i v e I n f i n i t y
| i sNegat iveZero x = gener i cNegat iveZero
| x == 0 = gene r i cPo s i t i v eZe r o
| otherwi s e = uncurry encodeFloat ( decodeFloat x )

95

−− | Check i f two numbers have the same s i gn .
−− May g ive a nonsense r e s u l t i f an argument i s NaN.
sameSign : : (Ord a , Num a ) => a −> a −> Bool

100 sameSign a b = compare 0 a == compare 0 b

−− | Approximate equa l i t y .
−− @(a =˜= b) c@ when adding the d i f f e r e n c e to the l a r g e r in magnitude

105 −− changes at most @c@ l e a s t s i g n i f i c a n t mantissa b i t s .
−−

−− Uses only ba s i c RealFloat f u n c t i o n a l i t y .
−−

(=˜=) : : RealFloat a => a −> a −> Int −> Bool
110 (=˜=) ! x ! y ! s

| x == y = True
| isNaN x && isNaN y = True
| isNaN x | | isNaN y = False
| i s I n f i n i t e x | | i s I n f i n i t e y = False

115 | not ( sameSign a b) = False
| otherwi s e = abs ( e − f ) <= s && abs (x − y ) <= encodeFloat 1 ( s + ( e ‘max ‘ f⤦

Ç ) )
where

( a , e ) = decodeFloat x
(b , f ) = decodeFloat y

120

−− | Compute a r e c i p r o c a l us ing the Newton−Raphson d i v i s i o n algor ithm ,
−− as de s c r ibed in
−− <http :// en . w ik iped ia . org /wik i / D i v i s i o n %28 d i g i t a l%29#Newton . E2 . 8 0 . 9 3⤦

Ç Raphson div is ion >.
125 −−

−− Uses only ba s i c RealFloat f u n c t i o n a l i t y .
−−

gener i cRec ip : : RealFloat a => Int {− ˆ accuracy −} −> a −> a
gener i cRec ip accuracy y = rec ip ’ y
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130 where
rec ip ’ f 0

| isNaN f0 = f0
| i s I n f i n i t e f 0 && f0 > 0 = gene r i cPo s i t i v eZ e r o
| i s I n f i n i t e f 0 && f0 < 0 = gener i cNegat iveZero

135 | i sNegat iveZero f0 = g en e r i cNe g a t i v e I n f i n i t y
| f 0 == 0 = g e n e r i c P o s i t i v e I n f i n i t y
| f 0 < 0 = negate . r ec ip ’ . negate $ f 0
| otherw i s e = s c a l eF l o a t sh ( go d s0 x0 )
where

140 x0 = k48 − k32 ∗ d
d = s i g n i f i c a n d f0 −− in [ 0 . 5 , 1 )
sh = exponent d − exponent f 0

go ! d ! s ! x
| ( x =˜= x ’ ) accuracy = x ’

145 | s == 0 = x ’
| otherw i s e = go d ( s − 1) x ’
where

x ’ = s c a l eF l o a t 1 x − d ∗ x ∗ x −− x ∗ (2 − d ∗ x )
−− an attempt to avoid recomputing per−type cons tant s

150 p = f l o a tD i g i t s ( undef ined ‘ asTypeOf ‘ y )
s0 = c e i l i n g ( logBase 2 ( f r omInteg ra l (p + 1) / logBase 2 17) : : Double ) : : ⤦

Ç Int
k48 = recodeFloat (48/17 : : Double )
k32 = recodeFloat (32/17 : : Double )

155

−− | Compute a square root us ing Newton ’ s method .
−−

−− Uses ba s i c RealFloat f u n c t i o n a l i t y and ’ ( / ) ’ .
−−

160 gene r i cSq r t : : RealFloat a => Int {− ˆ accuracy −} −> a −> a
gene r i cSq r t accuracy f0

| f 0 < 0 = genericNotANumber
| f 0 == 0 = f0 −− pr e s e rv e s negat ive zero
| isNaN f0 = f0

165 | i s I n f i n i t e f 0 = f0
| otherwi s e = go ( viaDouble sq r t f )
where

e = exponent f0
d = i f even e then 2 e l s e 1

170 s = e − d −− even
f = s c a l eF l o a t ( negate s ) f 0 −− in [ 1 , 4 )
go ! r =

l e t r ’ = s c a l eF l o a t (−1) ( r + f / r )
in i f ( r =˜= r ’ ) accuracy then s c a l eF l o a t ( s ‘ sh i f tR ‘ 1) r ’ e l s e go r ’

175

−− | Compute an exponent i a l us ing power s e r i e s .
−−

−− Uses ba s i c RealFloat f un c t i o n a l i t y , ’ ( / ) ’ and ’ r ec ip ’ .
180 −−

gener icExp : : RealFloat a => Int {−ˆ accuracy −} −> a −> a
gener icExp accuracy x

| isNaN x = x
| i s I n f i n i t e x && x < 0 = 0

185 | i s I n f i n i t e x = x

6
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| x == 0 = 1
| x < 0 = r e c i p . gener icExp accuracy . negate $ x
| otherwi s e = go 0 1 1
where

190 go ! s ! xnnf{− xˆn / n ! −} ! n
| ( s =˜= s ’ ) accuracy = s ’
| otherw i s e = go s ’ ( xnnf ∗ x / f r omInteg ra l n) (n + 1 : : Int )
where

s ’ = s + xnnf
195

−− | Compute a logar i thm .
−−

−− See ’ gener icLog ’ ’ ’ f o r a l go r i thmi c r e f e r e n c e s .
200 −−

−− Uses ba s i c RealFloat f un c t i o n a l i t y , ’ sqrt ’ and ’ r ec ip ’ .
−−

gener icLog : : RealFloat a => Int {− ˆ accuracy −} −> a −> a
gener icLog accuracy = gener icLog ’ accuracy ( gener icLog2 accuracy )

205

−− | Compute log 2 .
−−

−− See ’ gener icLog ’ ’ ’ f o r a l go r i thmi c r e f e r e n c e s .
210 −−

−− Uses ba s i c RealFloat f un c t i o n a l i t y , ’ sqrt ’ and ’ r ec ip ’ .
−−

gener icLog2 : : RealFloat a => Int {− ˆ accuracy −} −> a
gener icLog2 accuracy = negate ( gener icLog ’ ’ accuracy 0 . 5 )

215

−− | Compute a logar i thm us ing decomposit ion and a value f o r @log 2@.
−−

−− See ’ gener icLog ’ ’ ’ f o r a l go r i thmi c r e f e r e n c e s .
220 −−

−− Uses ba s i c RealFloat f un c t i o n a l i t y , ’ sqrt ’ , and ’ r ec ip ’ .
−−

gener icLog ’ : : RealFloat a => Int {− ˆ accuracy −} −> a {− ˆ log 2 −} −> a −> a
gener icLog ’ accuracy ln2 x

225 | isNaN x = x
| x == 0 = gen e r i cNe g a t i v e I n f i n i t y
| x < 0 = genericNotANumber
| i s I n f i n i t e x = x
| otherwi s e = mln2 + gener icLog ’ ’ accuracy s

230 where
m = exponent x
s = s i g n i f i c a n d x
mln2 −− micro−opt im i sa t i on

| m == 0 = 0
235 | otherw i s e = f romInteg ra l m ∗ ln2

−− | Compute a logar i thm f o r a value in [ 0 . 5 , 1 ) us ing the AGM method
−− as de s c r ibed in s e c t i o n 7 o f

240 −− /The Logarithmic Constant : l og 2/
−− Xavier Gourdon and Pasca l Sebah , May 18 , 2010 ,
−− <http :// numbers . computation . f r e e . f r /Constants /Log2/ log2 . ps>.
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−−

−− The precond i t i on i s not checked .
245 −−

−− Uses ba s i c RealFloat f un c t i o n a l i t y , ’ sqrt ’ , and ’ r ec ip ’ .
−−

gener icLog ’ ’ : : RealFloat a => Int {− ˆ accuracy −} −> a {− ˆ value in [ 0 . 5 , 1 ) ⤦
Ç −} −> a

gener icLog ’ ’ accuracy x = r e s u l t
250 where

r e s u l t = go (−1) 1 ( encodeFloat 1 m) 0 1 ( s c a l eF l o a t m x) 0
m2 = accuracy − f l o a tD i g i t s ( undef ined ‘ asTypeOf ‘ r e s u l t )
m = m2 ‘ sh i f tR ‘ 1
smal l y = y == 0 | | exponent y <= m2

255 go ! n ! a ! b ! s ! c ! d ! t
| smal l ds && smal l dt = r e c i p (1 − s ’ ) − r e c i p (1 − t ’ )
| otherw i s e = go n ’ a ’ b ’ s ’ c ’ d ’ t ’
where

a ’ = s c a l eF l o a t (−1) ( a + b)
260 c ’ = s c a l eF l o a t (−1) ( c + d)

b ’ = sq r t ( a ∗ b)
d ’ = sq r t ( c ∗ d)
ds = s c a l eF l o a t n ( a ∗ a − b ∗ b)
dt = s c a l eF l o a t n ( c ∗ c − d ∗ d)

265 t ’ = t + dt
s ’ = s + ds
n ’ = n + 1

270 −− | Compute p i us ing the method de sc r ibed in s e c t i o n 8 o f
−− /Mult ip le −p r e c i s i o n zero − f i n d i n g methods and the complexity o f e lementary ⤦

Ç f unc t i on eva lua t i on /
−− Richard P Brent , 1975 ( r e v i s ed May 30 , 2010) ,
−− <http :// arx iv . org /abs /1004.3412> .
−−

275 −− Uses ba s i c RealFloat f un c t i o n a l i t y , ’ ( / ) ’ , and ’ sqrt ’ .
−−

gene r i cP i : : RealFloat a => Int {− ˆ accuracy −} −> a
−− Works ok up to around 600 ,000 b i t s (178 ,000 decimal d i g i t s ) but a f t e r
−− that f u r t h e r i n c r e a s e to mantissa p r e c i s i o n l e ad s to problems .

280 −− Output compared aga in s t /Pi/ by Scott Hemphill <http ://www. gutenberg . org /⤦
Ç ebooks /50>.

g ene r i cP i accuracy = r e s u l t
where

sqr x = x ∗ x
r e s u l t = go 1 ( sq r t 0 . 5 ) 0 .25 0 1

285 go ! a ! b ! t ! k ! p
| (p =˜= p ’ ) accuracy = p ’
| otherwi s e = go a ’ b ’ t ’ k ’ p ’
where

a ’ = s c a l eF l o a t (−1) ( a + b)
290 b ’ = sq r t ( a ∗ b)

t ’ = t − s c a l eF l o a t k ( sqr ( a ’ − a ) )
k ’ = k + 1
p ’ = s c a l eF l o a t (−2) ( sqr ( a + b) / t )

295

−− | Compute ’ s in ’ us ing the method de s c r ibed in s e c t i o n 3 o f

8
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−− / E f f i c i e n t mult ip le −p r e c i s i o n eva lua t i on o f e lementary func t i on s /
−− David M Smith , 1989 ,
−− <http :// digitalcommons . lmu . edu/math fac/1/>

300 −−

−− Requires a value f o r p i .
−−

−− Uses ba s i c RealFloat f un c t i o n a l i t y , ’ ( / ) ’ , and sq r t .
g en e r i cS i n : : RealFloat a => Int {−ˆ accuracy −} −> a {−ˆ p i −} −> a {−ˆ x −} −>⤦

Ç a
305 gene r i cS i n accuracy p i x0 = reduced t ay l o r x0

where
sqr y = y ∗ y
t : : Double
t = f romInteg ra l ( f l o a tD i g i t s x0 − accuracy )

310 k : : Int
k = round ( t / 3)
three = 3 ˆ k
up 0 ! y = y
up n ! y = up (n − 1) ( y ∗ (3 − s c a l eF l o a t 2 ( sqr y ) ) )

315 reduced f y
| y == 0 = y
| y < 0 = ( negate . reduced f . negate ) y
| y <= pi / 4 = (up k . f . (/ three ) ) y
| y <= pi / 2 = ( sq r t . (1 −) . sqr . reduced f . ( p i / 2 −) ) y

320 | y <= pi = ( reduced f . ( p i −) ) y
| y <= pi ∗ 2 = ( negate . reduced f . ( p i ∗ 2 −) ) y
| otherw i s e = ( reduced f . subt rac t ( p i ∗ 2) ) y

t ay l o r y = (sum ’ . r e v e r s e . takeWhile ((> th r e sho ld ) . abs ) . go 1) y
where

325 th r e sho ld = s c a l eF l o a t ( negate ( f l o a tD i g i t s y ∗ 2) ) y
x2 = sqr y
go ! n ! xnf = xnf : go n ’ xnf ’

where
n ’ = n + 1

330 xnf ’ = negate ( x2 ∗ xnf / fromInt (2 ∗ n + 1) )
fromInt : : Num a => Int −> a
fromInt = f romInteg ra l

sum ’ : : Num a => [ a ] −> a
335 sum ’ = f o l d l ’ (+) 0

−− | L i f t a func t i on from Double to g ene r i c ’ RealFloat ’ types .
viaDouble : : ( RealFloat a , RealFloat b) => ( Double −> Double ) −> a −> b
viaDouble f = recodeFloat . f . r ecodeFloat

340

−− FIXME everyth ing assumes that f l oa tRad ix i s 2 without check ing

6 Numeric/VariablePrecision/Aliases.hs

{− |
Module : Numeric . Va r i ab l eP r e c i s i on . A l i a s e s
Copyright : ( c ) Claude Heiland −Allen 2012
L icense : BSD3

5

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le

9
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Po r t ab i l i t y : po r tab l e

10 Al i a s e s f o r ’ recodeFloat ’ and ’ recodeComplex ’ with s p e c i a l i z e d types .

A l i a s e s f o r commonly de s i r ed types .

−}
15 module Numeric . Va r i ab l ePr e c i s i on . A l i a s e s

( toFloat , fromFloat , toDouble , fromDouble
, toComplexFloat , fromComplexFloat , toComplexDouble , fromComplexDouble
, F , X, C, CF, CX
, F8 , F16 , F24 , F32 , F40 , F48 , F53

20 , f8 , f16 , f24 , f32 , f40 , f48 , f53
, X8 , X16 , X24 , X32 , X40 , X48 , X53
, x8 , x16 , x24 , x32 , x40 , x48 , x53
, CF8 , CF16 , CF24 , CF32 , CF40 , CF48 , CF53
, c f8 , c f16 , c f24 , c f32 , c f40 , c f48 , c f 53

25 , CX8, CX16 , CX24 , CX32 , CX40 , CX48 , CX53
, cx8 , cx16 , cx24 , cx32 , cx40 , cx48 , cx53
, module TypeLevel . NaturalNumber
, module TypeLevel . NaturalNumber . ExtraNumbers
) where

30

import TypeLevel . NaturalNumber (N8 , n8 )
import TypeLevel . NaturalNumber . ExtraNumbers

(N16 , n16 , N24 , n24 , N32 , n32 , N40 , n40 , N48 , n48 , N53 , n53 )

35 import Numeric . Va r i ab l eP r e c i s i on . Float ( VFloat )
import Numeric . Va r i ab l eP r e c i s i on . Fixed (VFixed )
import Numeric . Va r i ab l eP r e c i s i on . Complex (VComplex , recodeComplex , toComplex , ⤦

Ç fromComplex )
import Numeric . Va r i ab l eP r e c i s i on . Algorithms ( recodeFloat )

40 import Data . Complex . Generic (Complex )

−− | Convert to a Float from the same p r e c i s i o n .
toFloat : : F24 −> Float
toFloat = recodeFloat

45

−− | Convert from a Float to the same p r e c i s i o n .
fromFloat : : Float −> F24
fromFloat = recodeFloat

50 −− | Convert to a Double from the same p r e c i s i o n .
toDouble : : F53 −> Double
toDouble = recodeFloat

−− | Convert from a Double to the same p r e c i s i o n .
55 fromDouble : : Double −> F53

fromDouble = recodeFloat

−− | Convert to a Float from the same p r e c i s i o n .
toComplexFloat : : CF24 −> Complex Float

60 toComplexFloat = recodeComplex . toComplex

−− | Convert from a Float to the same p r e c i s i o n .
fromComplexFloat : : Complex Float −> CF24

10
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fromComplexFloat = fromComplex . recodeComplex
65

−− | Convert to a Double from the same p r e c i s i o n .
toComplexDouble : : CF53 −> Complex Double
toComplexDouble = recodeComplex . toComplex

70 −− | Convert from a Double to the same p r e c i s i o n .
fromComplexDouble : : Complex Double −> CF53
fromComplexDouble = fromComplex . recodeComplex

type F = VFloat
75 type X = VFixed

type C = VComplex
type CF = C F
type CX = C X

80 type F8 = F N8 ; f 8 : : F8 ; f 8 = 0
type F16 = F N16 ; f16 : : F16 ; f16 = 0
type F24 = F N24 ; f24 : : F24 ; f24 = 0
type F32 = F N32 ; f32 : : F32 ; f32 = 0
type F40 = F N40 ; f40 : : F40 ; f40 = 0

85 type F48 = F N48 ; f48 : : F48 ; f48 = 0
type F53 = F N53 ; f53 : : F53 ; f53 = 0

type X8 = X N8 ; x8 : : X8 ; x8 = 0
type X16 = X N16 ; x16 : : X16 ; x16 = 0

90 type X24 = X N24 ; x24 : : X24 ; x24 = 0
type X32 = X N32 ; x32 : : X32 ; x32 = 0
type X40 = X N40 ; x40 : : X40 ; x40 = 0
type X48 = X N48 ; x48 : : X48 ; x48 = 0
type X53 = X N53 ; x53 : : X53 ; x53 = 0

95

type CF8 = CF N8 ; c f 8 : : CF8 ; c f 8 = 0
type CF16 = CF N16 ; c f 16 : : CF16 ; c f 16 = 0
type CF24 = CF N24 ; c f 24 : : CF24 ; c f 24 = 0
type CF32 = CF N32 ; c f 32 : : CF32 ; c f 32 = 0

100 type CF40 = CF N40 ; c f 40 : : CF40 ; c f 40 = 0
type CF48 = CF N48 ; c f 48 : : CF48 ; c f 48 = 0
type CF53 = CF N53 ; c f 53 : : CF53 ; c f 53 = 0

type CX8 = CX N8 ; cx8 : : CX8 ; cx8 = 0
105 type CX16 = CX N16 ; cx16 : : CX16 ; cx16 = 0

type CX24 = CX N24 ; cx24 : : CX24 ; cx24 = 0
type CX32 = CX N32 ; cx32 : : CX32 ; cx32 = 0
type CX40 = CX N40 ; cx40 : : CX40 ; cx40 = 0
type CX48 = CX N48 ; cx48 : : CX48 ; cx48 = 0

110 type CX53 = CX N53 ; cx53 : : CX53 ; cx53 = 0

7 Numeric/VariablePrecision/Complex.hs

{−# LANGUAGE DeriveDataTypeable , General izedNewtypeDeriving , StandaloneDer iv ing ,⤦
Ç F l ex i b l e I n s t anc e s , F lex ib l eContexts , MultiParamTypeClasses , Rank2Types , ⤦
Ç Undec idab le Ins tances #−}

{− |
Module : Numeric . Va r i ab l eP r e c i s i on . Complex
Copyright : ( c ) Claude Heiland −Allen 2012

5 License : BSD3

11
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Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : DeriveDataTypeable , General izedNewtypeDeriving , ⤦

Ç StandaloneDer iv ing , F l ex i b l e I n s t anc e s , F lex ib l eContexts , ⤦
Ç MultiParamTypeClasses , Rank2Types , Undec idab le Ins tances

10

Complex numbers with va r i ab l e p r e c i s i o n .

−}
module Numeric . Va r i ab l ePr e c i s i on . Complex

15 ( module Data . Complex . Gener ic
, VComplex ( )
, toComplex
, fromComplex
, withComplex

20 , recodeComplex
, scaleComplex
, scaleVComplex
, toComplexDFloat
, toComplexDFixed

25 , fromComplexDFloat
, fromComplexDFixed
, withComplexDFloat
, withComplexDFixed
) where

30

import Data . Complex . Generic
import Data . Complex . Generic . De fau l t

import Numeric . Va r i ab l eP r e c i s i on . Fixed
35 import Numeric . Va r i ab l eP r e c i s i on . Float

import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
import Numeric . Va r i ab l eP r e c i s i on . Algorithms ( recodeFloat )

−− | Newtype wrapper around ’Complex ’ so that i n s t an c e s can be wr i t t en
40 −− f o r ’ HasPrec is ion ’ and ’ Var i ab l ePrec i s i on ’ .

newtype VComplex t p = FromComplex
{ −− | Convert ’VComplex ’ to ’Complex ’ .

toComplex : : Complex ( t p)
}

45 de r i v i ng (Eq)

de r i v i ng in s t ance Num (Complex ( t p) ) => Num (VComplex t p)
de r i v i ng in s t ance Frac t i ona l (Complex ( t p) ) => Frac t i ona l (VComplex t p)
de r i v i ng in s t ance F loat ing (Complex ( t p) ) => Float ing (VComplex t p)

50

−− | Convert ’Complex ’ to ’VComplex ’ .
fromComplex : : Complex ( t p) −> VComplex t p
fromComplex = FromComplex

55 i n s t ance NaturalNumber p => Num (Complex ( VFloat p) ) where
(+) = addDefault
(−) = subDefault
(∗ ) = mulDefault
negate = negateDefau l t

60 f romInteger = f romIntege rDe fau l t

12
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abs = absDefau l t
signum = signumDefault

i n s t ance NaturalNumber p => Num (Complex (VFixed p) ) where
65 (+) = addDefault

(−) = subDefault
(∗ ) = mulDefault
negate = negateDefau l t
f romInteger = f romIntege rDe fau l t

70 abs = e r r o r ”Num. abs : unimplemented f o r Complex VFixed”
signum = e r r o r ”Num. signum : unimplemented f o r Complex VFixed”

in s t ance NaturalNumber p => Frac t i ona l (Complex ( VFloat p) ) where
(/ ) = divDefaultRF

75 f romRational = fromRat iona lDefau l t

i n s t ance NaturalNumber p => Frac t i ona l (Complex (VFixed p) ) where
(/ ) = divDe fau l t
fromRational = fromRat iona lDefau l t

80

i n s t ance NaturalNumber p => Float ing (Complex ( VFloat p) ) where
p i = p iDe fau l t
exp = expDefault
l og = logDe fau l t

85 s q r t = sq r tDe f au l t
s i n = s inDe f au l t
cos = cosDe fau l t
tan = tanDefau l t
s inh = s inhDe fau l t

90 cosh = coshDefau l t
tanh = tanhDefault
a s in = as inDe fau l t
acos = acosDe fau l t
atan = atanDefau l t

95 as inh = as inhDe fau l t
acosh = acoshDefau l t
atanh = atanhDefault

i n s t ance NaturalNumber p => ComplexRect (Complex ( VFloat p) ) ( VFloat p) where
100 mkRect x y = (x :+ y)

r e c t ( x :+ y ) = (x , y )
r e a l = r e a lDe f au l t
imag = imagDefault
r ea lPa r t = rea lPa r tDe f au l t

105 imagPart = imagPartDefault
conjugate = con jugateDe fau l t
magnitudeSquared = magnitudeSquaredDefault
sqr = sqrDefaultRF
( . ∗ ) = rmulDefault

110 ( ∗ . ) = mulrDefault

i n s t ance NaturalNumber p => ComplexRect (Complex (VFixed p) ) (VFixed p) where
mkRect x y = (x :+ y)
r e c t ( x :+ y ) = (x , y )

115 r e a l = r e a lDe f au l t
imag = imagDefault
r ea lPa r t = rea lPa r tDe f au l t

13
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imagPart = imagPartDefault
conjugate = con jugateDe fau l t

120 magnitudeSquared = magnitudeSquaredDefault
sqr = sqrDe fau l t −− FIXME
( . ∗ ) = rmulDefault
( ∗ . ) = mulrDefault

125 i n s t ance NaturalNumber p => ComplexPolar (Complex ( VFloat p) ) ( VFloat p) where
mkPolar = mkPolarDefault
c i s = c i sDe f au l t
po la r = po la rDe fau l t
magnitude = magnitudeDefaultRF

130 phase = phaseDefaultRF

in s t ance NaturalNumber p => ComplexRect (VComplex VFloat p) ( VFloat p) where
mkRect x y = FromComplex (x :+ y )
r e c t = r e c t . toComplex

135 r e a l = r e a lDe f au l t
imag = imagDefault
r ea lPa r t = rea lPa r tDe f au l t
imagPart = imagPartDefault
conjugate = con jugateDe fau l t

140 magnitudeSquared = magnitudeSquaredDefault
sqr = sqrDefaultRF
( . ∗ ) = rmulDefault
( ∗ . ) = mulrDefault

145 i n s t ance NaturalNumber p => ComplexRect (VComplex VFixed p) (VFixed p) where
mkRect x y = FromComplex (x :+ y )
r e c t = r e c t . toComplex
r e a l = r e a lDe f au l t
imag = imagDefault

150 r ea lPa r t = rea lPa r tDe f au l t
imagPart = imagPartDefault
conjugate = con jugateDe fau l t
magnitudeSquared = magnitudeSquaredDefault
sqr = sqrDe fau l t −− FIXME

155 ( . ∗ ) = rmulDefault
( ∗ . ) = mulrDefault

i n s t ance NaturalNumber p => ComplexPolar (VComplex VFloat p) ( VFloat p) where
mkPolar = mkPolarDefault

160 c i s = c i sDe f au l t
po la r = po la rDe fau l t
magnitude = magnitudeDefaultRF
phase = phaseDefaultRF

165 i n s t ance HasPrec i s ion (VComplex VFloat )

i n s t ance HasPrec i s ion (VComplex VFixed )

in s t ance Var i ab l ePr e c i s i on (VComplex VFloat ) where
170 ad j u s tP r e c i s i o n = withComplex ( fmap ad ju s tP r e c i s i o n )

i n s t ance Var i ab l ePr e c i s i on (VComplex VFixed ) where
ad j u s tP r e c i s i o n = withComplex ( fmap ad ju s tP r e c i s i o n )

14
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175 i n s t ance Normed (VComplex VFloat ) where
norm1 z = abs ( r ea lPa r t z ) + abs ( imagPart z )
norm2 = magnitude
norm2Squared = magnitudeSquared
normIn f in i ty z = abs ( r ea lPa r t z ) ‘max ‘ abs ( imagPart z )

180

i n s t ance NaturalNumber p => Show (VComplex VFloat p) where
showsPrec p = showsPrec p . toComplex

in s t ance NaturalNumber p => Show (VComplex VFixed p) where
185 showsPrec p = showsPrec p . toComplex

in s t ance NaturalNumber p => Read (VComplex VFloat p) where
readsPrec p = map ( f i r s t fromComplex ) . readsPrec p

where f i r s t f ( a , b ) = ( f a , b )
190

i n s t ance NaturalNumber p => Read (VComplex VFixed p) where
readsPrec p = map ( f i r s t fromComplex ) . readsPrec p

where f i r s t f ( a , b ) = ( f a , b )

195 −− | L i f t an operat i on on ’X. Complex ’ to one on ’VComplex ’ .
withComplex : : (Complex ( t p) −> Complex ( t q ) ) −> (VComplex t p −> VComplex t q⤦

Ç )
withComplex f = fromComplex . f . toComplex

−− | Much l i k e ’mapComplex ’ ’ recodeFloat ’ .
200 recodeComplex : : ( RealFloat a , RealFloat b) => Complex a −> Complex b

recodeComplex = fmap recodeFloat

−− | Much l i k e ’ withComplex ’ ’ scaleComplex ’ ’ .
scaleVComplex : : NaturalNumber p => Int −> VComplex VFloat p −> VComplex VFloat ⤦

Ç p
205 scaleVComplex = withComplex . scaleComplex

−− | Much l i k e ’mapComplex ’ ’ s ca l eF loa t ’ .
scaleComplex : : RealFloat r => Int −> Complex r −> Complex r
scaleComplex = fmap . s c a l eF l o a t

210

−− | Freeze a ’VComplex VFloat ’ .
toComplexDFloat : : NaturalNumber p => VComplex VFloat p −> Complex DFloat
toComplexDFloat = fmap toDFloat . toComplex

215 −− | Freeze a ’VComplex VFixed ’ .
toComplexDFixed : : NaturalNumber p => VComplex VFixed p −> Complex DFixed
toComplexDFixed = fmap toDFixed . toComplex

−− | Thaw a ’Complex DFloat ’ . Resu l t s in ’ Nothing ’ on p r e c i s i o n mismatch .
220 fromComplexDFloat : : NaturalNumber p => Complex DFloat −> Maybe (VComplex VFloat⤦

Ç p)
fromComplexDFloat (x :+ y ) = do

r <− fromDFloat x
i <− fromDFloat y
re turn ( r .+ i )

225

−− | Thaw a ’Complex DFixed ’ . Resu l t s in ’ Nothing ’ on p r e c i s i o n mismatch .
fromComplexDFixed : : NaturalNumber p => Complex DFixed −> Maybe (VComplex VFixed⤦

Ç p)

15
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fromComplexDFixed (x :+ y ) = do
r <− fromDFixed x

230 i <− fromDFixed y
return ( r .+ i )

−− | Thaw a ’Complex DFloat ’ to i t s natura l p r e c i s i o n . ’ Nothing ’ i s passed on
−− p r e c i s i o n mismatch between r e a l and imaginary par t s .

235 withComplexDFloat : : Complex DFloat −> ( f o r a l l p . NaturalNumber p => Maybe (⤦
Ç VComplex VFloat p) −> r ) −> r

withComplexDFloat (x :+ y ) f = withDFloat x $ \ r −> f $ do
i <− fromDFloat y
re turn ( r .+ i )

240 −− | Thaw a ’Complex DFixed ’ to i t s natura l p r e c i s i o n . ’ Nothing ’ i s passed on
−− p r e c i s i o n mismatch between r e a l and imaginary par t s .
withComplexDFixed : : Complex DFixed −> ( f o r a l l p . NaturalNumber p => Maybe (⤦

Ç VComplex VFixed p) −> r ) −> r
withComplexDFixed (x :+ y ) f = withDFixed x $ \ r −> f $ do

i <− fromDFixed y
245 re turn ( r .+ i )

8 Numeric/VariablePrecision/Fixed.hs

{−# LANGUAGE BangPatterns , DeriveDataTypeable , Rank2Types , MonoLocalBinds #−}
{− |
Module : Numeric . Va r i ab l eP r e c i s i on . Fixed
Copyright : ( c ) Claude Heiland −Allen 2012

5 License : BSD3

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : BangPatterns , DeriveDataTypeable , Rank2Types , MonoLocalBinds

10

Var iab le p r e c i s i o n so f tware f i x ed po int based on @Integer@ .

Accuracy has not been ex t en s i v e l y v e r i f i e d .

15 Example :

> r e i f yP r e c i s i o n 1000 $ \prec −>
> show $ auto (355 : : VFixed N15) / 113 ‘ a tPrec i s i on ‘ prec

20 −}
module Numeric . Va r i ab l ePr e c i s i on . Fixed

( VFixed ( )
, DFixed ( . . )
, toDFixed

25 , fromDFixed
, withDFixed
) where

import Data . Data (Data ( ) )
30 import Data . Typeable ( Typeable ( ) )

import Data . B i t s ( b i t , sh i f tL , sh i f tR )
import Data . Ratio ((%) , numerator , denominator )

16



variable-precision Numeric/VariablePrecision/Fixed.hs

35 import Numeric ( readSigned , readFloat )
import Text . FShow .Raw (BinDecode ( . . ) , binDecFormat , FormatStyle ( Generic ) )

import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on . Re i fy

40

−− | A so f tware implementation o f f i x ed po int ar i thmet i c , us ing an
−− ’ Integer ’ ad justed to @p@ b i t s a f t e r the binary po int .
newtype VFixed p = F In t eg e r

45 de r i v i ng (Data , Typeable )

i n s t ance HasPrec i s ion VFixed where
−− de f au l t implementation

50

i n s t ance Var i ab l ePr e c i s i on VFixed where
ad j u s tP r e c i s i o n = s e l f

where
55 s e l f (F x )

| s > 0 = F (x ‘ sh i f tL ‘ s )
| s < 0 = F (x ‘ sh i f tR ‘ negate s )
| otherwi s e = F x

s = naturalNumberAsInt ( undef ined ‘ asPrecOut ‘ s e l f ) − naturalNumberAsInt (⤦
Ç undef ined ‘ asPrecIn ‘ s e l f )

60 asPrecIn : : p −> ( t p −> t q ) −> p
asPrecIn = undef ined
asPrecOut : : q −> ( t p −> t q ) −> q
asPrecOut = undef ined

65

i n s t ance NaturalNumber p => BinDecode (VFixed p) where
decode l@ (F x ) = (x , negate . f r omInteg ra l . p r e c i s i o n $ l )
showDigits l = 2 + f l o o r ( (1 + f romInteg ra l ( p r e c i s i o n l ) ) ∗ logBase 10 2 : : ⤦

Ç Double )

70

i n s t ance NaturalNumber p => Show (VFixed p) where

show = binDecFormat ( Gener ic ( Just ( −5 , 5) ) ) Nothing

75

i n s t ance NaturalNumber p => Read (VFixed p) where

readsPrec = readSigned readFloat −− FIXME igno r e s precedence ?

80

i n s t ance NaturalNumber p => Eq (VFixed p) where F x == F y = x == y

in s t ance NaturalNumber p => Ord (VFixed p) where F x ‘ compare ‘ F y = x ‘ compare ‘⤦
Ç y

85

i n s t ance NaturalNumber p => Num (VFixed p) where
F x + F y = F $ x + y

17
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F x − F y = F $ x − y
90 l@ (F x ) ∗ F y = F $ ( x ∗ y ) ‘ sh i f tR ‘ f r omInteg ra l ( p r e c i s i o n l )

negate (F x ) = F ( negate x )
abs (F x ) = F ( abs x )
signum (F x)

| x > 0 = 1
95 | x < 0 = −1

| otherwi s e = 0
f romInteger x = l e t r = F (x ‘ sh i f tL ‘ f r omInteg ra l ( p r e c i s i o n r ) ) in r

100 i n s t ance NaturalNumber p => Frac t i ona l (VFixed p) where
l@ (F x ) / F y = F ( ( x ‘ sh i f tL ‘ f r omInteg ra l ( p r e c i s i o n l ) ) ‘ quot ‘ y )
fromRational x =

l e t r = F ( ( numerator x ‘ sh i f tL ‘ f r omInteg ra l ( p r e c i s i o n r ) ) ‘ quot ‘ ⤦
Ç denominator x ) in r

105

i n s t ance NaturalNumber p => Real (VFixed p) where
toRat iona l l@ (F x ) = x % ( b i t . f r omInteg ra l . p r e c i s i o n ) l

110 i n s t ance NaturalNumber p => RealFrac (VFixed p) where
properFract ion f@(F x ) = w ( f romInteg ra l n , g )

where
w (a , b)

| a < 0 && b /= 0 = ( a + 1 , b − 1)
115 | otherwi s e = (a , b)

n = x ‘ sh i f tR ‘ p
p = f romInteg ra l ( p r e c i s i o n f )
g = F (x − (n ‘ sh i f tL ‘ p) )

120

−− | A concre t e format s u i t a b l e f o r s t o rage or wire t ransmi s s i on .
data DFixed = DFixed{ dxPrec i s i on : : !Word , dxMantissa : : ! I n t eg e r }

de r i v i ng (Eq , Ord , Read , Show , Data , Typeable )

125

−− | Freeze a ’VFixed ’ .
toDFixed : : NaturalNumber p => VFixed p −> DFixed
toDFixed f@(F m) = DFixed ( p r e c i s i o n f ) m

130

−− | Thaw a ’DFixed ’ . Resu l t s in ’ Nothing ’ on p r e c i s i o n mismatch .
fromDFixed : : NaturalNumber p => DFixed −> Maybe (VFixed p)
fromDFixed d@(DFixed m)

| dxPrec i s i on d == p r e c i s i o n r e s u l t = Just r e s u l t
135 | otherwi s e = Nothing

where
r e s u l t = F m −− −XMonoLocalBinds

140 −− | Thaw a ’DFixed ’ to i t s natura l p r e c i s i o n .
withDFixed : : DFixed −> ( f o r a l l p . NaturalNumber p => VFixed p −> r ) −> r
withDFixed (DFixed p m) f = r e i f yP r e c i s i o n p $ \prec −> f (F m ‘ a tPrec i s i on ‘ ⤦

Ç prec )

18
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9 Numeric/VariablePrecision/Float.hs

{−# LANGUAGE BangPatterns , DeriveDataTypeable , Rank2Types #−}
{− |
Module : Numeric . Va r i ab l eP r e c i s i on . Float
Copyright : ( c ) Claude Heiland −Allen 2012

5 License : BSD3

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : BangPatterns , DeriveDataTypeable , Rank2Types

10

Var iab le p r e c i s i o n so f tware f l o a t i n g po int based on @( Integer , Int )@ as
used by ’ decodeFloat ’ . Supports i n f i n i t i e s and NaN, but not negat ive
zero or denormal i zat ion .

15 Accuracy has not been ex t en s i v e l y v e r i f i e d , and terminat ion o f numerica l
a lgor i thms has not been proven .

−}
module Numeric . Va r i ab l ePr e c i s i on . Float

20 ( VFloat ( )
, Normed(norm1 , norm2 , norm2Squared , normIn f in i ty )
, e f f e c t i v eP r e c i s i o nWi th
, e f f e c t i v e P r e c i s i o n
, (−@?)

25 , DFloat ( . . )
, toDFloat
, fromDFloat
, withDFloat
) where

30

import Data . Data (Data ( ) )
import Data . Typeable ( Typeable ( ) )

import Data . B i t s ( b i t , sh i f tL , sh i f tR )
35 import Data . Ratio ((%) , numerator , denominator )

import GHC. Float ( showSignedFloat )
import Numeric ( readSigned , readFloat )
import Text . FShow . RealFloat ( DispFloat ( ) , FShow( fshowsPrec ) , f showFloat )

40

import Numeric . Va r i ab l eP r e c i s i on . Algorithms
import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on . Re i fy
import Numeric . Va r i ab l eP r e c i s i on . I n t eg e r . Logarithm

45

−− | A so f tware implementation o f f l o a t i n g po int ar i thmet i c , us ing a s t r i c t
−− pa i r o f ’ Integer ’ and ’ Int ’ , s c a l ed s im i l a r l y to ’ decodeFloat ’ , a long
−− with add i t i ona l va lue s r ep r e s en t i ng :

50 −−

−− ∗ p o s i t i v e i n f i n i t y (@1/0@) ,
−−

−− ∗ negat ive i n f i n i t y (@−1/0@) ,
−−

55 −− ∗ not a number (@0/0@) .

19
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−−

−− The ’ Float ing ’ i n s t anc e so f a r only implements a lgor i thms f o r :
−−

−− ∗ ’ pi ’ ,
60 −−

−− ∗ ’ sqrt ’ ,
−−

−− ∗ ’ exp ’ ,
−−

65 −− ∗ ’ log ’ ,
−−

−− ∗ ’ s in ’ , ’ cos ’ , ’ tan ’ .
−−

−− These ’ Float ing ’ methods t r a n s i t v ia ’ Double ’ and so have l im i t ed
70 −− p r e c i s i o n :

−−

−− ∗ ’ as in ’ , ’ acos ’ , ’ atan ’ ,
−−

−− ∗ ’ s inh ’ , ’ cosh ’ , ’ tanh ’ ,
75 −−

−− ∗ ’ as inh ’ , ’ acosh ’ , ’ atanh ’ .
−−

−− ’ f loatRange ’ i s a r b i t r a r i l y l im i t ed to mi t i ga t e the problems that
−− occur when enormous i n t e g e r s might be needed during some number

80 −− type conve r s i on s ( worst case consequence : program abort in gmp) .
−−

data VFloat p
= F ! In t eg e r ! Int
−− i n va r i an t : matches decodeFloat spec

85 −− i f unsure , use encodeVFloat which maintains the i nva r i an t
−− i f sure , use checkVFloat which checks the i nva r i an t
−− only cons t ruc t with bare F when ab so l u t e l y sure

| FZero −− FIXME add negat ive zero
| FPosInf

90 | FNegInf
| FNaN −− FIXME add payload
de r i v i ng (Data , Typeable )

encodeVFloat : : NaturalNumber p => VFloat p −> I n t eg e r −> Int −> VFloat p
95 encodeVFloat wi tnes s = s e l f

where
b = f romInteg ra l $ p r e c i s i o n ( undef ined ‘ asTypeOf ‘ w i tnes s )
b ’ = b − 1
s e l f 0 ! = FZero

100 s e l f m e = checkVFloat ” encodeFloat ’ ” $ encodeFloat ’ ’ (m > 0) m’ ( e − sh )⤦
Ç l

where
absm = abs m
m’ = absm ‘ s h i f t ‘ sh
e2 = integerLog2 absm

105 sh = b − e2
l = integerLog2 m’

encodeFloat ’ ’ ! s ’ !m’ ! e ’ ! l
| m’ <= 0 = f a i l e d −− FIXME
| b ’ == l = F ( i f s ’ then m’ e l s e negate m’ ) e ’

110 | b ’ < l = {−# SCC ”encodeFloat ’ ’ . s h i f tR ” #−} encodeFloat ’ ’ s ’ (m’ ‘⤦
Ç sh i f tR ‘ 1) ( e ’ + 1) ( l − 1)

20



variable-precision Numeric/VariablePrecision/Float.hs

| b ’ > l = {−# SCC ”encodeFloat ’ ’ . s h i f t L ” #−} encodeFloat ’ ’ s ’ (m’ ‘⤦
Ç sh i f tL ‘ 1) ( e ’ − 1) ( l + 1)

| otherwi s e = f a i l e d −− FIXME
where

f a i l e d = e r r o r $ ”Numeric . Va r i ab l eP r e c i s i on . Float . encodeVFloat : ⤦
Ç i n t e r n a l e r r o r ( p l e a s e r epor t t h i s bug ) : ”

115 ++ show (b , b ’ , l , s ’ , m’ , e ’ )

i n s t ance NaturalNumber p => DispFloat ( VFloat p) where

120

i n s t ance NaturalNumber p => FShow (VFloat p) where

fshowsPrec p = showSignedFloat fshowFloat p

125

i n s t ance NaturalNumber p => Show (VFloat p) where

showsPrec = fshowsPrec

130

i n s t ance NaturalNumber p => Read (VFloat p) where

readsPrec = readSigned readFloat −− FIXME igno r e s precedence , NaN/ In f f a i l ?

135

i n s t ance HasPrec i s ion VFloat

minimumExponent , maximumExponent : : Int
140 minimumExponent = negate ( b i t 20)

maximumExponent = b i t 20

asTypeIn : : ( a −> b) −> a
asTypeIn = undef ined

145

asTypeOut : : ( a −> b) −> b
asTypeOut = undef ined

asTypeOut2 : : ( a −> b −> c ) −> c
150 asTypeOut2 = undef ined

in s t ance Var i ab l ePr e c i s i on VFloat where

155 ad j u s tP r e c i s i o n = s e l f
where

p = asTypeIn s e l f
q = asTypeOut s e l f
np = f l o a tD i g i t s p

160 nq = f l o a tD i g i t s q
n = nq − np
s e l f FZero = FZero
s e l f FPosInf = FPosInf
s e l f FNegInf = FNegInf

165 s e l f FNaN = FNaN
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s e l f (F m e )
| n > 0 = encodeVFloat q (m ‘ sh i f tL ‘ n) ( e − n)
| n == 0 = encodeVFloat q m e
| n < 0 = encodeVFloat q (m ‘ sh i f tR ‘ negate n) ( e + negate n)

170 | otherwi s e = unreachable

i n s t ance Eq (VFloat p) where

175 FZero == FZero = True
F a b == F x y = a == x && b == y
FPosInf == FPosInf = True
FNegInf == FNegInf = True
−− everyth ing e l s e i n c l ud ing NaN

180 == = False

a /= x = not ( a == x)

185 i n s t ance Ord (VFloat p) where

FZero < FZero = False
FZero < F x = 0 < x
F a < FZero = a < 0

190 F a b < F x y
| a > 0 && x > 0 && b < y = True
| a > 0 && x > 0 && b == y = a < x
| a > 0 && x > 0 && b > y = False
| a > 0 && x < 0 = False

195 | a < 0 && x > 0 = True
| a < 0 && x < 0 && b < y = False
| a < 0 && x < 0 && b == y = a < x
| a < 0 && x < 0 && b > y = True
| otherwi s e = unreachable

200 FNaN < = False
< FNaN = False

FPosInf < = False
< FPosInf = True
< FNegInf = False

205 FNegInf < = True

a > x = x < a

a <= x = a < x | | a == x
210

a >= x = a > x | | a == x

min a@FNaN ! = a
min ! x@FNaN = x

215 min a x
| a <= x = a
| otherwi s e = x

max a@FNaN ! = a
220 max ! x@FNaN = x

max a x
| a >= x = a

22



variable-precision Numeric/VariablePrecision/Float.hs

| otherwi s e = x

225 −− ’ compare ’ uses d e f au l t implementation in Ord

in s t ance NaturalNumber p => Num (VFloat p) where

230 f@ (F a b) + F x y
| b > y = encodeVFloat f ( a + (x ‘ sh i f tR ‘ (b − y ) ) ) b
| b == y = encodeVFloat f ( a + x) b
| b < y = encodeVFloat f ( ( a ‘ sh i f tR ‘ ( y − b) ) + x) y
| otherwi s e = unreachable

235 a@FNaN + = a
+ x@FNaN = x

FZero + x = x
a + FZero = a
FPosInf + FNegInf = FNaN

240 FNegInf + FPosInf = FNaN
FPosInf + = FPosInf

+ FPosInf = FPosInf
FNegInf + = FNegInf

+ FNegInf = FNegInf
245

f@ (F a b) − F x y
| b > y = encodeVFloat f ( a − ( x ‘ sh i f tR ‘ (b − y ) ) ) b
| b == y = encodeVFloat f ( a − x ) b
| b < y = encodeVFloat f ( ( a ‘ sh i f tR ‘ ( y − b) ) − x ) y

250 | otherwi s e = unreachable
a@FNaN − = a

− x@FNaN = x
FZero − x = negate x
a − FZero = a

255 FPosInf − FPosInf = FNaN
FNegInf − FNegInf = FNaN
FPosInf − = FPosInf

− FPosInf = FNegInf
FNegInf − = FNegInf

260 − FNegInf = FPosInf

negate (F a b) = checkVFloat ” negate ” $ F ( negate a ) b
negate FZero = FZero
negate FPosInf = FNegInf

265 negate FNegInf = FPosInf
negate a@FNaN = a

abs ! a
| a < 0 = negate a

270 | otherwi s e = a

signum ! a
| a < 0 = −1
| a > 0 = 1

275 | otherwi s e = a

f@(F a b) ∗ F x y = encodeVFloat f ( ( a ∗ x ) ‘ sh i f tR ‘ ( k − 1) ) (b + y + k − ⤦
Ç 1) where k = f romInteg ra l $ p r e c i s i o n f

a@FNaN ∗ = a
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∗ x@FNaN = x
280 FZero ∗ FPosInf = FNaN

FZero ∗ FNegInf = FNaN
FZero ∗ = FZero
FPosInf ∗ FZero = FNaN
FNegInf ∗ FZero = FNaN

285 ∗ FZero = FZero
a ∗ x

| sameSign a x = FPosInf
| otherwi s e = FNegInf

290 f romInteger ! i = encodeFloat i 0

i n s t ance NaturalNumber p => Real ( VFloat p) where

295 toRat iona l FZero = 0
toRat iona l (F m e )

| e > 0 = fromInteger (m ‘ sh i f tL ‘ e )
| e == 0 = fromInteger m
| e < 0 = m % b i t ( negate e )

300 | otherwi s e = unreachable
toRat iona l FPosInf = 1 % 0
toRat iona l FNegInf = (−1) % 0
toRat iona l FNaN = 0 % 0

305

i n s t ance NaturalNumber p => Frac t i ona l ( VFloat p) where

f@(F ) / g@(F ) = f ∗ r e c i p g
a@FNaN / = a

310 / x@FNaN = x
FPosInf / FPosInf = FNaN
FPosInf / FNegInf = FNaN
FNegInf / FPosInf = FNaN
FNegInf / FNegInf = FNaN

315 / FPosInf = FZero
/ FNegInf = FZero

a / FZero
| a > 0 = FPosInf
| a < 0 = FNegInf

320 | otherwi s e = FNaN
FZero / = FZero
a / x

| a ‘ sameSign ‘ x = FPosInf
| otherwi s e = FNegInf

325

r e c i p a@FNaN = a
r e c i p FZero = FPosInf
r e c i p FPosInf = FZero
r e c i p FNegInf = FZero

330 r e c i p f@(F m e ) = encodeVFloat f ( b i t k ‘ quot ‘ m) ( negate (k + e ) ) where k = 2⤦
Ç ∗ f r omInteg ra l ( p r e c i s i o n f )

fromRational r = fromInteger ( numerator r ) / f romInteger ( denominator r ) −− ⤦
Ç FIXME accuracy
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335 i n s t ance NaturalNumber p => RealFrac ( VFloat p) where

properFract ion = s e l f
where

p = f romInteg ra l $ p r e c i s i o n ( asTypeIn s e l f )
340 s e l f FZero = (0 , FZero )

s e l f me@(F m e )
| e >= 0 = ( f romInteger m, FZero )
| e < negate p = (0 , me)
| otherwi s e = ( f romInteger n ’ , f ’ )

345 where
n = m ‘ sh i f tR ‘ ( negate e )
d = encodeVFloat ( asTypeIn s e l f ) (n ‘ sh i f tL ‘ ( negate e ) ) e
f = me − d
(n ’ , f ’ )

350 | (m >= 0) == ( f >= 0) = (n , f )
| otherwi s e = (n + 1 , f − 1)

s e l f f = ( e r r o r $ ”Numeric . Va r i ab l eP r e c i s i on . Float . properFract ion : not ⤦
Ç f i n i t e : ” ++ show f , f )

−− ’ t runcate ’ uses d e f au l t implementation in RealFrac
355

−− ’ f l o o r ’ uses d e f au l t implementation in RealFrac

−− ’ c e i l i n g ’ uses d e f au l t implementation in RealFrac

360 −− ’ round ’ uses d e f au l t implementation in RealFrac

in s t ance NaturalNumber p => RealFloat ( VFloat p) where

365 f l oa tRad ix = 2

f l o a tD i g i t s = s e l f
where

prec = f romInteg ra l $ p r e c i s i o n ( asTypeIn s e l f )
370 s e l f = const prec

f loatRange = const (minimumExponent , maximumExponent ) −− FIXME arb i t r a r y
−− t h i s f loatRange i s somewhat a rb i t r a ry , but t o In t e g e r g i v e s i n t e g e r s
−− with up to around ( p r e c i s i o n + maxExponent ) b i t s , the value here

375 −− g i v e s r i s e to p o t e n t i a l l y more than 300k decimal d i g i t s . . .

isNaN FNaN = True
isNaN = False

380 i s I n f i n i t e FPosInf = True
i s I n f i n i t e FNegInf = True
i s I n f i n i t e = False

i sDenormal ized = False
385

i sNegat iveZero = False

isIEEE = False −− FIXME what does t h i s mean?
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390 decodeFloat FZero = (0 , 0)
decodeFloat (F m e ) = (m, e )
decodeFloat f = e r r o r $ ”Numeric . Va r i ab l eP r e c i s i on . Float . decodeFloat : not ⤦

Ç f i n i t e : ” ++ show f

encodeFloat = s e l f
395 where

s e l f = encodeVFloat ( undef ined ‘ asTypeOf ‘ asTypeOut2 s e l f )

exponent = s e l f
where

400 prec = f romInteg ra l $ p r e c i s i o n ( asTypeIn s e l f )
s e l f FZero = 0
s e l f (F e ) = e + prec
s e l f f = e r r o r $ ”Numeric . Va r i ab l eP r e c i s i on . Float . exponent : not f i n i t e : ” ⤦

Ç ++ show f

405 s i g n i f i c a n d = s e l f
where

prec = f romInteg ra l $ p r e c i s i o n ( asTypeIn s e l f )
e = negate prec
s e l f (F m ) = checkVFloat ” s i g n i f i c a n d ” $ F m e

410 s e l f f = f

s c a l eF l o a t n (F m e ) = checkVFloat ” s c a l eF l o a t ” $ F m ( e + n)
s c a l eF l o a t f = f

415 −− ’ atan2 ’ uses d e f au l t implementation in RealFloat

s h i f t : : I n t eg e r −> Int −> I n t eg e r
s h i f t ! n ! k

420 | k > 0 = n ‘ sh i f tL ‘ k
| k == 0 = n
| k < 0 = n ‘ sh i f tR ‘ ( negate k )
| otherw i s e = unreachable

425

i n s t ance NaturalNumber p => Float ing ( VFloat p) where −− FIXME

pi = gene r i cP i 2

430 s q r t = gene r i cSq r t 2

exp = genericExp 2

log = s e l f
435 where

log2 = gener icLog2 2
s e l f = gener icLog ’ 2 log2

−− ’ (∗∗ ) ’ uses d e f au l t implementation in F loat ing
440

−− ’ logBase ’ uses d e f au l t implementation in F loat ing

s i n = gene r i cS i n 2 p i
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445 cos x = s i n (x + pi /2)

tan x = s in x / cos x

s inh = viaDouble s inh −− FIXME
450

cosh = viaDouble cosh −− FIXME

tanh = viaDouble tanh −− FIXME

455 a s in = viaDouble a s in −− FIXME

acos = viaDouble acos −− FIXME

atan = viaDouble atan −− FIXME
460

as inh = viaDouble as inh −− FIXME

acosh = viaDouble acosh −− FIXME

465 atanh = viaDouble atanh −− FIXME

−− de sp i t e the name , us ing t h i s i s v i t a l f o r c o r r e c t behaviour
−− because i t proper ly handles underf low and over f l ow as we l l as

470 −− check ing that the i nva r i an t f o r F holds
checkVFloat : : NaturalNumber p => St r ing −> VFloat p −> VFloat p
checkVFloat = s e l f

where
prec = f romInteg ra l $ p r e c i s i o n ( asTypeOut2 s e l f )

475 prec ’ = prec − 1
e l o = minimumExponent
eh i = maximumExponent
s e l f s x@(F m e )

| not mok = e r r o r $ ”Numeric . Va r i ab l eP r e c i s i on . Float . checkVFloat . ” ++ s ⤦
Ç ++ ” : i n t e r n a l e r r o r ( p l e a s e r epo r t t h i s bug ) : ” ++ show ( (m, am, lm⤦
Ç , prec , prec ’ , mok) , ( e lo , e , ehi , eok ) )

480 | eok = x
| e < e l o = FZero −− underf low
| m > 0 = FPosInf −− over f l ow
| m < 0 = FNegInf −− over f l ow
| otherw i s e = unreachable

485 where
eok = e l o <= e && e <= eh i
mok = lm == prec ’
lm = integerLog2 am
am = abs m

490 s e l f x = x

−− | A s e l e c t i o n o f norms .
c l a s s HasPrec i s ion t => Normed t where

495 norm1 : : NaturalNumber p => t p −> VFloat p
norm2 : : NaturalNumber p => t p −> VFloat p
norm2Squared : : NaturalNumber p => t p −> VFloat p
normIn f in i ty : : NaturalNumber p => t p −> VFloat p

27



variable-precision Numeric/VariablePrecision/Float.hs

500

i n s t ance Normed VFloat where
norm1 = abs
norm2 = abs
norm2Squared x = x ∗ x

505 normIn f in i ty = abs

−− | A measure o f meaningful p r e c i s i o n in the d i f f e r e n c e o f two
−− f i n i t e non−zero va lue s .

510 −−

−− Values o f very d i f f e r e n t magnitude have l i t t l e meaningful
−− d i f f e r e n c e , because @a + b ‘ approxEq ‘ a@ when @| a | >> | b |@.
−−

−− Very c l o s e va lue s have l i t t l e meaningful d i f f e r e n c e ,
515 −− because @a + ( a − b) ‘ approxEq ‘ a@ as @| a | >> | a − b |@.

−−

−− ’ e f f e c t i v ePr e c i s i onWi th ’ attempts to quant i fy t h i s .
−−

e f f e c t i v eP r e c i s i o nWi th : : (Num t , RealFloat r ) => ( t −> r ) {− ˆ norm −} −> t −> ⤦

Ç t −> Int
520 e f f e c t i v eP r e c i s i o nWi th n i j

| t a && t b && t c = p − (d ‘max ‘ ( e − d) )
| otherwi s e = 0
where

t k = k > 0 && not ( i s I n f i n i t e k )
525 d = (x ‘max ‘ y ) − z

e = abs (x − y ) ‘min ‘ p
p = f l o a tD i g i t s a
x = exponent a
y = exponent b

530 z = exponent c
a = n i
b = n j
c = n ( i − j )

535

−− | Much l i k e ’ e f f e c t i v ePr e c i s i onWi th ’ combined with ’ normInf in i ty ’ .
e f f e c t i v e P r e c i s i o n : : ( NaturalNumber p , HasPrec i s ion t , Normed t , Num ( t p) ) => ⤦

Ç t p −> t p −> Int
e f f e c t i v e P r e c i s i o n = e f f e c t i v eP r e c i s i o nWi th normIn f in i ty
i n f i x 6 ‘ e f f e c t i v eP r e c i s i o n ‘

540

−− | An a l i a s f o r ’ e f f e c t i v eP r e c i s i o n ’ .
(−@?) : : ( NaturalNumber p , HasPrec i s ion t , Normed t , Num ( t p) ) => t p −> t p −>⤦

Ç Int
(−@?) = e f f e c t i v e P r e c i s i o n

545 i n f i x 6 −@?

unreachable : : a
unreachable = e r r o r ”Numeric . Va r i ab l eP r e c i s i on . Float : i n t e r n a l e r r o r ( p l e a s e ⤦

Ç r epor t t h i s bug ) : unreachable code was reached ”
550

−− | A concre t e format s u i t a b l e f o r s t o rage or wire t ransmi s s i on .
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data DFloat
= DFloat { dPrec i s i on : : !Word , dMantissa : : ! Integer , dExponent : :⤦

Ç ! Int }
555 | DZero { dPrec i s i on : : !Word }

| DPos i t i v e I n f i n i t y { dPrec i s i on : : !Word }
| DNegat ive In f in i ty { dPrec i s i on : : !Word }
| DNotANumber { dPrec i s i on : : !Word }
de r i v i ng (Eq , Ord , Read , Show , Data , Typeable )

560

−− | Freeze a ’ VFloat ’ .
toDFloat : : NaturalNumber p => VFloat p −> DFloat
toDFloat f@(F m e ) = DFloat ( p r e c i s i o n f ) m e
toDFloat f@FZero = DZero ( p r e c i s i o n f )

565 toDFloat f@FPosInf = DPo s i t i v e I n f i n i t y ( p r e c i s i o n f )
toDFloat f@FNegInf = DNegat ive In f in i ty ( p r e c i s i o n f )
toDFloat f@FNaN = DNotANumber ( p r e c i s i o n f )

−− | Thaw a ’DFloat ’ . Resu l t s in ’ Nothing ’ on p r e c i s i o n mismatch .
570 fromDFloat : : NaturalNumber p => DFloat −> Maybe ( VFloat p)

fromDFloat d
| dPrec i s i on d == p r e c i s i o n r e s u l t = Just r e s u l t
| otherwi s e = Nothing
where

575 r e s u l t = case d o f
DFloat m e −> encodeVFloat undef ined m e
DZero −> FZero
DPo s i t i v e I n f i n i t y −> FPosInf
DNegat ive In f in i ty −> FNegInf

580 DNotANumber −> FNaN

−− | Thaw a ’DFloat ’ to i t s natura l p r e c i s i o n .
withDFloat : : DFloat −> ( f o r a l l p . NaturalNumber p => VFloat p −> r ) −> r
withDFloat ( DFloat p m e ) f = r e i f yP r e c i s i o n p $ \prec −> f ( encodeVFloat ⤦

Ç undef ined m e ‘ a tPrec i s i on ‘ prec )
585 withDFloat d f = unsafeWithDFloat d f

−− | Thaw a ’DFloat ’ without guarantee ing a wel l −formed ’ VFloat ’ va lue .
−− Poss ib ly s l i g h t l y f a s t e r .
unsafeWithDFloat : : DFloat −> ( f o r a l l p . NaturalNumber p => VFloat p −> r ) −> r

590 unsafeWithDFloat ( DFloat p m e ) f = r e i f yP r e c i s i o n p $ \prec −> f (F m e ⤦
Ç ‘ a tPrec i s i on ‘ prec )

unsafeWithDFloat (DZero p) f = r e i f yP r e c i s i o n p $ \prec −> f ( FZero ⤦
Ç ‘ a tPrec i s i on ‘ prec )

unsafeWithDFloat ( DPo s i t i v e I n f i n i t y p) f = r e i f yP r e c i s i o n p $ \prec −> f (⤦
Ç FPosInf ‘ a tPrec i s i on ‘ prec )

unsafeWithDFloat ( DNegat ive In f in i ty p) f = r e i f yP r e c i s i o n p $ \prec −> f (⤦
Ç FNegInf ‘ a tPrec i s i on ‘ prec )

unsafeWithDFloat (DNotANumber p) f = r e i f yP r e c i s i o n p $ \prec −> f (FNaN ⤦
Ç ‘ a tPrec i s i on ‘ prec )

10 Numeric/VariablePrecision.hs

{− |
Module : Numeric . Va r i ab l eP r e c i s i on
Copyright : ( c ) Claude Heiland −Allen 2012
L icense : BSD3

5

29



variable-precision Numeric/VariablePrecision/Precision.hs

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : po r tab l e

10 Convenience module .

−}
module Numeric . Va r i ab l ePr e c i s i on

( module Numeric . Va r i ab l eP r e c i s i on . Float
15 , module Numeric . Va r i ab l eP r e c i s i on . Fixed

, module Numeric . Va r i ab l eP r e c i s i on . Complex
, module Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
, module Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on . Re i fy
, module Numeric . Va r i ab l eP r e c i s i on . A l i a s e s

20 , module Numeric . Va r i ab l eP r e c i s i on . Algorithms
) where

import Numeric . Va r i ab l eP r e c i s i on . Float
import Numeric . Va r i ab l eP r e c i s i on . Fixed

25 import Numeric . Va r i ab l eP r e c i s i on . Complex
import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on . Re i fy
import Numeric . Va r i ab l eP r e c i s i on . A l i a s e s
import Numeric . Va r i ab l eP r e c i s i on . Algorithms

11 Numeric/VariablePrecision/Precision.hs

{− |
Module : Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
Copyright : ( c ) Claude Heiland −Allen 2012
L icense : BSD3

5

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : po r tab l e

10 Cla s s e s f o r types with p r e c i s i o n repre s ented by a type− l e v e l natura l
number , and va r i ab l e p r e c i s i o n types .

Note that performance may be ( even ) slow ( er ) with some ve r s i on s o f the
type− l e v e l −natura l −number package .

15

−}
module Numeric . Va r i ab l ePr e c i s i on . P r e c i s i on

( HasPrec i s ion ( p r e c i s i onOf )
, p r e c i s i o n

20 , a tP r e c i s i o n
, a tPrec i s i onOf
, ( .@)
, Va r i ab l ePr e c i s i on ( ad j u s tP r e c i s i on )
, auto

25 , w i thPrec i s i on
, w i thPrec i s i onOf
, ( .@˜)
, module TypeLevel . NaturalNumber
, module Data .Word

30 ) where
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import TypeLevel . NaturalNumber
( NaturalNumber ( . . ) , Zero , SuccessorTo , n0 , successorTo )

import Data .Word (Word)
35

−− | A c l a s s f o r types with p r e c i s i o n .
−− The methods must not eva luate t h e i r arguments , and t h e i r r e s u l t s
−− must not be eva luated .
−− Minimal complete d e f i n i t i o n : ( none ) .

40 c l a s s HasPrec i s ion t where
p r e c i s i onOf : : NaturalNumber p => t p −> p
pr e c i s i onOf = undef ined

45 −− | Much l i k e ’ naturalNumberAsInt ’ combined with ’ p rec i s i onOf ’ .
p r e c i s i o n : : ( NaturalNumber p , HasPrec i s ion t ) => t p −> Word
p r e c i s i o n = f romInteg ra l . naturalNumberAsInt . p r e c i s i onOf

50 −− | Much l i k e ’ const ’ with a r e s t r i c t e d type .
a tP r e c i s i on : : ( NaturalNumber p , HasPrec i s ion t ) => t p −> p −> t p
a tP r e c i s i on = const

55 −− | Much l i k e ’ const ’ with a r e s t r i c t e d type .
−− Precedence between ’< ’ and ’+ ’ .
a tPrec i s i onOf : : ( HasPrec i s ion t , HasPrec i s ion s ) => t p −> s p −> t p
a tPrec i s i onOf = const
−− where = pr e c i s i onOf t ‘ asTypeOf ‘ p r e c i s i onOf s

60 i n f i x l 5 ‘ a tPrec i s ionOf ‘

−− | An a l i a s f o r ’ a tPrec i s ionOf ’ .
−− Precedence between ’< ’ and ’+ ’ .

65 ( .@) : : ( HasPrec i s ion t , HasPrec i s ion s ) => t p −> s p −> t p
( .@) = atPrec i s i onOf
i n f i x l 5 .@

70 −− | A c l a s s f o r types with ad ju s t ab l e p r e c i s i o n .
−− Minimal complete d e f i n i t i o n : ’ ad ju s tPr e c i s i on ’ .
c l a s s HasPrec i s ion t => Var i ab l ePr e c i s i on t where
−− | Adjust the p r e c i s i o n o f a value p r e s e rv ing as much accuracy as
−− po s s i b l e .

75 ad j u s tP r e c i s i o n : : ( NaturalNumber p , NaturalNumber q ) => t p −> t q

−− | Synonym f o r ’ ad ju s tPr e c i s i on ’ .
auto : : ( Va r i ab l ePr e c i s i on t , NaturalNumber p , NaturalNumber q ) => t p −> t q

80 auto = ad ju s tP r e c i s i o n

−− | Much l i k e ’ ad ju s tPr e c i s i on ’ combined with ’ a tPrec i s i on ’ .
w i thPrec i s i on : : ( NaturalNumber p , NaturalNumber q , Va r i ab l eP r e c i s i on t ) => t p ⤦

Ç −> q −> t q
85 wi thPrec i s i on s q = ad ju s tP r e c i s i o n s ‘ a tPrec i s i on ‘ q
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−− | Much l i k e ’ w i thPrec i s i on ’ combined with ’ p rec i s i onOf ’ .
−− Precedence between ’< ’ and ’+ ’ .
w i thPrec i s i onOf : : ( NaturalNumber p , NaturalNumber q , Va r i ab l eP r e c i s i on t , ⤦

Ç HasPrec i s ion s ) => t p −> s q −> t q
90 withPrec i s i onOf s w = s ‘ wi thPrec i s i on ‘ p r e c i s i onOf w

i n f i x l 5 ‘ withPrec i s ionOf ‘

−− | An a l i a s f o r ’ withPrec i s ionOf ’ .
95 −− Precedence between ’< ’ and ’+ ’ .

( .@˜) : : ( NaturalNumber p , NaturalNumber q , Va r i ab l eP r e c i s i on t , HasPrec i s ion s )⤦
Ç => t p −> s q −> t q

( .@˜) = withPrec i s i onOf
i n f i x l 5 .@˜

12 Numeric/VariablePrecision/Precision/Reify.hs

{−# LANGUAGE Rank2Types #−}
{− |
Module : Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on . Re i fy
Copyright : ( c ) Claude Heiland −Allen 2012

5 License : BSD3

Maintainer : claude@mathr . co . uk
S t a b i l i t y : unstab le
Po r t a b i l i t y : Rank2Types

10

Rei fy from value − l e v e l to type− l e v e l us ing Rank2Types .

−}

15 module Numeric . Va r i ab l ePr e c i s i on . P r e c i s i on . Re i fy
( r e i f yP r e c i s i o n
, w i t hRe i f i e dP r e c i s i on
, ( .@$)
) where

20

import Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
( Var i ab l ePrec i s i on , w i thPrec i s i on , Word
, NaturalNumber , n0 , successorTo
)

25

−− | Rei fy a p r e c i s i o n from value − l e v e l to type− l e v e l .
r e i f y P r e c i s i o n : : Word −> ( f o r a l l p . NaturalNumber p => p −> a ) −> a
−− Implemented as de s c r ibed in an emai l from Gregory Grosswhite
−− <http :// markmail . org /message /55 iu ty6axe l j j 2do>

30 r e i f y P r e c i s i o n = go n0
where

go : : NaturalNumber q => q −> Word −> ( f o r a l l p . NaturalNumber p => p −> a )⤦
Ç −> a

go n i f
| i == 0 = f n

35 | otherw i s e = go ( successorTo n) ( i − 1) f

−− | Much l i k e ’ r e i f yP r e c i s i o n ’ combined with ’ w i thPrec i s i on ’ .
w i t hRe i f i e dP r e c i s i on

: : ( Va r i ab l eP r e c i s i on t , NaturalNumber p)
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40 => t p {−ˆ o r i g i n a l va lue −}
−> Word {− ˆ new p r e c i s i o n −}
−> ( f o r a l l q . NaturalNumber q => t q −> a ) {−ˆ operat i on −}
−> a

w i thRe i f i e dP r e c i s i on x i f = r e i f yP r e c i s i o n i ( f . w i thPrec i s i on x )
45 i n f i x l 1 ‘ w i thRe i f i edPr e c i s i on ‘

−− | An a l i a s f o r ’ w i thRe i f i edPr e c i s i on ’ .
( .@$)

: : ( Va r i ab l eP r e c i s i on t , NaturalNumber p)
50 => t p {−ˆ o r i g i n a l va lue −}

−> Word {− ˆ new p r e c i s i o n −}
−> ( f o r a l l q . NaturalNumber q => t q −> a ) {−ˆ operat i on −}
−> a

( .@$) = w i thRe i f i e dP r e c i s i on
55 i n f i x l 1 .@$

13 pure/Numeric/VariablePrecision/Integer/Logarithm.hs

{−# LANGUAGE BangPatterns #−}
module Numeric . Va r i ab l ePr e c i s i on . I n t eg e r . Logarithm where

import Data . B i t s ( s h i f t L )
5

in tegerLog2 : : I n t eg e r −> Int
integerLog2 n

| n > 0 = go (−1) 1
| otherwi s e = e r r o r $ ” integerLog2 : non−p o s i t i v e argument : ” ++ show n

10 where
go ! l ! b

| n < b = l
| otherw i s e = go ( l + 1) (b ‘ sh i f tL ‘ 1)

14 README

Users o f ghc −7 . 0 . 4 might r e qu i r e − f context − s tack=100
This f l a g can a l s o be : s e t with in ghc i .

15 Setup.hs

import D i s t r i bu t i on . Simple
main = defaultMain

16 THANKS

Robert P Munafo −− t e s t i n g with ghc −7 . 0 . 4 r e s u l t e d in f i x e s
5318 e8aac2fb75a9ec f9a3b661e911f610aa1784

support o ld base with RealFloat r equ i r ed f o r Complex
591 fac0e024a41c2c31cde909385d36376e5a715

5 support ghc −7 . 0 . 4 by i n c r e a s i n g context s tack s i z e
f7c89c0503b3038dc0057e0dc029db0dd98f2b0d

document ghc −7 . 0 . 4 r e qu i r i n g i n c r e a s i n g context s tack s i z e

17 TODO
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Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
examples o f usage in documentation

Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on . Re i fy
5 examples o f usage in documentation

Numeric . Va r i ab l eP r e c i s i on . Float
readsPrec i gno r e s precedence
check accuracy o f fromRational

10 check accuracy o f (+) , (−) , (∗ )
check accuracy o f (/ ) , r e c i p
proper ( a ) ( s i n | cos | tan ) (h) ( bad : viaDouble )
p r o f i l e and opt imi se space and time
con s id e r rounding modes

15 con s id e r mixed−p r e c i s i o n ope ra t i on s
con s id e r IEEE −0 semant ics

TypeLevel . NaturalNumber . ExtraNumbers
submit upstream and remove i f accepted

18 TypeLevel/NaturalNumber/ExtraNumbers.hs

{− |
Module : TypeLevel . NaturalNumber . ExtraNumbers
Copyright : ( c ) Claude Heiland −Allen 2012
L icense : BSD3

5

Maintainer : claude@mathr . co . uk
S t a b i l i t y : s t ab l e
Po r t a b i l i t y : po r tab l e

10 Bo i l e r p l a t e d e f i n i t i o n s generated by :

> f l i p mapM [ 1 6 . . 5 3 ] $ \p −> l e t s = show p in
> putStrLn $ ” type N” ++ s ++ ” = SuccessorTo N” ++ show (p − 1) ++
> ” ; n” ++ s ++ ” : : N” ++ s ++ ” ; n” ++ s ++ ” = undef ined ”

15

−}
module TypeLevel . NaturalNumber . ExtraNumbers where

import TypeLevel . NaturalNumber (N15 , SuccessorTo )
20

type N16 = SuccessorTo N15 ; n16 : : N16 ; n16 = undef ined
type N17 = SuccessorTo N16 ; n17 : : N17 ; n17 = undef ined
type N18 = SuccessorTo N17 ; n18 : : N18 ; n18 = undef ined
type N19 = SuccessorTo N18 ; n19 : : N19 ; n19 = undef ined

25 type N20 = SuccessorTo N19 ; n20 : : N20 ; n20 = undef ined
type N21 = SuccessorTo N20 ; n21 : : N21 ; n21 = undef ined
type N22 = SuccessorTo N21 ; n22 : : N22 ; n22 = undef ined
type N23 = SuccessorTo N22 ; n23 : : N23 ; n23 = undef ined
type N24 = SuccessorTo N23 ; n24 : : N24 ; n24 = undef ined

30 type N25 = SuccessorTo N24 ; n25 : : N25 ; n25 = undef ined
type N26 = SuccessorTo N25 ; n26 : : N26 ; n26 = undef ined
type N27 = SuccessorTo N26 ; n27 : : N27 ; n27 = undef ined
type N28 = SuccessorTo N27 ; n28 : : N28 ; n28 = undef ined
type N29 = SuccessorTo N28 ; n29 : : N29 ; n29 = undef ined

35 type N30 = SuccessorTo N29 ; n30 : : N30 ; n30 = undef ined

34
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type N31 = SuccessorTo N30 ; n31 : : N31 ; n31 = undef ined
type N32 = SuccessorTo N31 ; n32 : : N32 ; n32 = undef ined
type N33 = SuccessorTo N32 ; n33 : : N33 ; n33 = undef ined
type N34 = SuccessorTo N33 ; n34 : : N34 ; n34 = undef ined

40 type N35 = SuccessorTo N34 ; n35 : : N35 ; n35 = undef ined
type N36 = SuccessorTo N35 ; n36 : : N36 ; n36 = undef ined
type N37 = SuccessorTo N36 ; n37 : : N37 ; n37 = undef ined
type N38 = SuccessorTo N37 ; n38 : : N38 ; n38 = undef ined
type N39 = SuccessorTo N38 ; n39 : : N39 ; n39 = undef ined

45 type N40 = SuccessorTo N39 ; n40 : : N40 ; n40 = undef ined
type N41 = SuccessorTo N40 ; n41 : : N41 ; n41 = undef ined
type N42 = SuccessorTo N41 ; n42 : : N42 ; n42 = undef ined
type N43 = SuccessorTo N42 ; n43 : : N43 ; n43 = undef ined
type N44 = SuccessorTo N43 ; n44 : : N44 ; n44 = undef ined

50 type N45 = SuccessorTo N44 ; n45 : : N45 ; n45 = undef ined
type N46 = SuccessorTo N45 ; n46 : : N46 ; n46 = undef ined
type N47 = SuccessorTo N46 ; n47 : : N47 ; n47 = undef ined
type N48 = SuccessorTo N47 ; n48 : : N48 ; n48 = undef ined
type N49 = SuccessorTo N48 ; n49 : : N49 ; n49 = undef ined

55 type N50 = SuccessorTo N49 ; n50 : : N50 ; n50 = undef ined
type N51 = SuccessorTo N50 ; n51 : : N51 ; n51 = undef ined
type N52 = SuccessorTo N51 ; n52 : : N52 ; n52 = undef ined
type N53 = SuccessorTo N52 ; n53 : : N53 ; n53 = undef ined

19 variable-precision.cabal

Name : va r i ab l e −p r e c i s i o n
Vers ion : 0 . 4
Synops is : va r i ab l e −p r e c i s i o n f l o a t i n g po int
Desc r ip t i on :

5 Software f l o a t i n g po int with type−tagged va r i ab l e mantissa p r e c i s i on ,
implemented us ing a s t r i c t pa i r o f ’ Integer ’ and ’ Int ’ s c a l ed a l i k e
to ’ decodeFloat ’ . Vers ion 0 .4 adds more number−type−agno s t i c numerica l
a lgor i thms ( ’ s in ’ , ’ cos ’ , ’ tan ’ ) .
.

10 In s tance s o f the usua l numeric type c l a s s e s are provided , a long with
add i t i o na l ope ra to r s ( with c a r e f u l l y chosen f i x i t i e s ) to coerce ,
ad jus t and r e i f y p r e c i s i o n s .
.
The i n t en t i on with t h i s l i b r a r y i s to be r e l a t i v e l y s imple but s t i l l

15 use fu l , r e f e r to the documentation f o r caveats concern ing accuracy and
as so r t ed i l l −behaviour .
.
Usage with ghc ( i ) −7 .0 .4 might r e qu i r e @− f context − s tack=100@.

20 Homepage : https : // code . mathr . co . uk/ var i ab l e −p r e c i s i o n
L icense : BSD3
License − f i l e : LICENSE
Author : Claude Heiland −Allen
Maintainer : claude@mathr . co . uk

25 Copyright : ( c ) 2012 Claude Heiland −Allen
Category : Math
Build−type : Simple

Cabal−ve r s i on : >=1.6
30

Extra−source − f i l e s :
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CHANGES
README
THANKS

35 TODO
pure/Numeric/ Var i ab l eP r e c i s i on / In t eg e r /Logarithm . hs
f a s t /Numeric/ Var i ab l eP r e c i s i on / In t eg e r /Logarithm . hs

Flag f a s t
40 Desc r ip t i on : Enable op t im i s a t i on s r e qu i r i n g r e cent in t ege r −gmp

Defau l t : True

Library
Exposed−modules :

45 Numeric . Va r i ab l eP r e c i s i on
Numeric . Va r i ab l eP r e c i s i on . Algorithms
Numeric . Va r i ab l eP r e c i s i on . Fixed
Numeric . Va r i ab l eP r e c i s i on . Float
Numeric . Va r i ab l eP r e c i s i on . Complex

50 Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on
Numeric . Va r i ab l eP r e c i s i on . P r e c i s i on . Re i fy
Numeric . Va r i ab l eP r e c i s i on . A l i a s e s
TypeLevel . NaturalNumber . ExtraNumbers

Other−modules :
55 Numeric . Va r i ab l eP r e c i s i on . I n t eg e r . Logarithm

Build−depends :
base >= 3 && < 6 ,
complex−g ene r i c >= 0 . 1 . 1 && < 0 . 2 ,
f l oat show >= 0.2 && < 0 . 3 ,

60 type− l e v e l −natura l −number >= 1 && < 2
i f ( ! f l a g ( f a s t ) )
HS−source −d i r s : . pure

i f ( f l a g ( f a s t ) )
HS−source −d i r s : . f a s t

65 Build−depends : i n t ege r −gmp >= 0.4
GHC−Options : −Wall − f context − s tack=100
GHC−Prof−Options : −pro f −auto− a l l −caf − a l l

source − r e po s i t o r y head
70 type : g i t

l o c a t i o n : https : // code . mathr . co . uk/ var i ab l e −p r e c i s i o n . g i t

source − r e po s i t o r y t h i s
type : g i t

75 l o c a t i o n : https : // code . mathr . co . uk/ var i ab l e −p r e c i s i o n . g i t
tag : v0 . 4
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