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1 exp-extended.cabal

name : exp−extended
ve r s i on : 0 . 2
synops i s : f l o a t i n g po int with extended exponent range
homepage : https : // code . mathr . co . uk/exp−extended

5 l i c e n s e : BSD3
l i c e n s e − f i l e : LICENSE
author : Claude Heiland −Allen
mainta iner : claude@mathr . co . uk
copyr ight : 2015 ,2016 ,2019 Claude Heiland −Allen

10 category : Numeric
bui ld −type : Simple
cabal −ve r s i on : >=1.10
d e s c r i p t i o n :

A smal l l i b r a r y to extend f l o a t i n g po int types with a l a r g e r
15 exponent , so that you can r ep r e s en t r e a l l y huge or r e a l l y t iny

numbers without over f l ow to i n f i n i t y or underf low to zero .
.
> > unExpExtended . l og . exp . expExtended ’ $ 1000
> 1000 .0

20 > > l og . exp $ 1000
> I n f i n i t y
> > unExpExtended . l og . exp . negate . expExtended ’ $ 1000
> −1000.0
> > l og . exp . negate $ 1000

25 > − I n f i n i t y
.
Vers ion 0 .2 has l i g h t e r dependenc ies .

l i b r a r y
30 hs−source −d i r s : s r c

exposed−modules : Numeric . ExpExtended
Numeric . ExpExtended . I n t e r n a l

bui ld −depends : base >= 4.9 && < 4 .14
de fau l t − language : Haske l l2010

35 other − ex t en s i on s : TypeFamil ies
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exp-extended .gitignore

source − r e po s i t o r y head
type : g i t
l o c a t i o n : https : // code . mathr . co . uk/exp−extended . g i t

40

source − r e po s i t o r y t h i s
type : g i t
l o c a t i o n : https : // code . mathr . co . uk/exp−extended . g i t
tag : v0 . 2

2 .gitignore

. cabal −sandbox
caba l . sandbox . c on f i g
d i s t
d i s t −newsty le

3 LICENSE

Copyright ( c ) 2015 , 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 Claude Heiland −Allen 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.

4 Setup.hs

import D i s t r i bu t i on . Simple
main = defaultMain
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exp-extended src/Numeric/ExpExtended.hs

5 src/Numeric/ExpExtended.hs

{−# LANGUAGE TypeFamil ies #−}
−− | Extend f l o a t i n g po int types with a l a r g e r exponent range .
module Numeric . ExpExtended

( ExpExtendable ( . . )
5 , expExtended ’

, unExpExtendable
, unExpExtended
, EDouble
, EFloat

10 ) where

import Data . Ratio ( numerator , denominator )

import Text . Show as T
15 import Text . Read as T

import Numeric

import Numeric . ExpExtended . I n t e r n a l
20

getCache : : ExpExtendable a => proxy a −> Cache a
getCache = cache

getCache1 : : ExpExtendable a => (b −> proxy a ) −> Cache a
25 getCache1 = cache

getCache2 : : ExpExtendable a => ( c −> b −> proxy a ) −> Cache a
getCache2 = cache

30 getCacheIn1 : : ExpExtendable a => ( proxy a −> b) −> Cache a
getCacheIn1 = cache

−− | Does the extended value f i t in the base type without over / underf low ?
unExpExtendable : : ExpExtendable a => ExpExtended a −> Bool

35 unExpExtendable = s e l f
where

c = getCacheIn1 s e l f
s e l f x = withExpExtended x $ \ e −> cRangeMin c < e && e < cRangeMax c

40 −− | Sca l e to the base type
−− ( p o s s i b l y ove r f l ow ing to i n f i n i t y or under f lowing to zero ) .
unExpExtended : : ExpExtendable a => ExpExtended a −> a
unExpExtended x = withExpExtended x $ \m e −> s c a l eF l o a t e m

45 −− | Extend the exponent range whi l e p r e s e rv ing the value .
−−

−− > expExtended ’ x == expExtended x 0
expExtended ’ : : ExpExtendable a => a −> ExpExtended a
expExtended ’ x = expExtended x 0

50

−− | Extend f l o a t i n g po int types with a l a r g e r exponent range .
−−

−− Implementors need only implement :
−−

55 −− ∗ the ’ ExpExtended ’ data type , i somorphic to a s t r i c t pa i r @(a , ’ Int ’ )@
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−− ∗ i t s c on s t ruc to r ’ unsafeExpExtended ’
−− ∗ i t s d e s t ru c t o r ’ withExpExtended ’
−−

−− Using a data fami ly a l l ows the UNPACK opt im i sa t i on .
60 c l a s s RealFloat a => ExpExtendable a where

{−# MINIMAL unsafeExpExtended , withExpExtended #−}

−− | Assoc iated data .
−−

65 −− In s tance s : ’ Compensable ’ , ’Enum’ , ’Eq ’ , ’ F loat ing ’ , ’ Fract iona l ’ , ’Num’ , ⤦
Ç ’Ord ’ , ’ Prec i s e ’ , ’Read ’ , ’ Real ’ , ’ RealFloat ’ , ’ RealFrac ’ , ’Show ’

data ExpExtended a

−− | Deconstruct in to ba s i c va lue and exponent .
withExpExtended : : ExpExtended a −> ( a −> Int −> r ) −> r

70

−− | Construct from a bas i c va lue and an exponent , without check ing the
−− i n va r i an t . Use ’ expExtended ’ i n s t ead .
unsafeExpExtended : : a −> Int −> ExpExtended a

75 −− | Cache o f magic va lue s . Stored once per i n s t anc e to avoid recomputation .
cache : : Cache a
cache = cacheDefau l t

−− | Construct from a bas i c va lue and an exponent , ensur ing that the r e s u l t
80 −− e s t a b l i s h e s the i n t e r n a l i nva r i an t :

−−

−− > m == s i g n i f i c a n d m && ((m == 0 | | i s I n f i n i t e m | | isNaN m) ==> e == 0)
−−

−− Also handles over f l ow to i n f i n i t y , and underf low to zero .
85 expExtended : : a −> Int −> ExpExtended a

expExtended = s e l f
where

c = getCache2 s e l f
s e l f m e

90 | m == 0 = unsafeExpExtended m 0
| isNaN m = unsafeExpExtended m 0
| i s I n f i n i t e m = unsafeExpExtended m 0
| e > cSupExponent c | | e ’ > maxExponent =

unsafeExpExtended ( signum m / 0) 0
95 | e < cInfExponent c | | e ’ < minExponent =

unsafeExpExtended ( signum m ∗ 0) 0
| otherwi s e = unsafeExpExtended m’ e ’
where

m’ = s i g n i f i c a n d m
100 e ’ ’ = exponent m

e ’ = e + e ’ ’

i n s t ance ExpExtendable Float where
data ExpExtended Float = EF {−# UNPACK #−} ! F loat {−# UNPACK #−} ! Int

105 unsafeExpExtended = EF
withExpExtended (EF m e ) f = f m e

type EFloat = ExpExtended Float

110 i n s t ance ExpExtendable Double where
data ExpExtended Double = ED {−# UNPACK #−} ! Double {−# UNPACK #−} ! Int
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unsafeExpExtended = ED
withExpExtended (ED m e ) f = f m e

115 type EDouble = ExpExtended Double

i n s t ance ( ExpExtendable a , Show a ) => Show (ExpExtended a ) where
showsPrec d m = withExpExtended m $ \a b −> showParen (d > 10)

120 $ showString ”expExtended ”
. T. showsPrec 11 a
. showChar ’ ’
. T. showsPrec 11 b

125 i n s t ance ( ExpExtendable a , Read a ) => Read (ExpExtended a ) where
readPrec = parens $ prec 10 $ do

Ident ”expExtended” <− lexP
a <− s tep T. readPrec
b <− s tep T. readPrec

130 re turn $ expExtended a b

in s t ance ExpExtendable a => Eq (ExpExtended a ) where
a == b = withExpExtended a $ \m1 e1 −> withExpExtended b $ \m2 e2 −>

e1 == e2 && m1 == m2
135 a /= b = withExpExtended a $ \m1 e1 −> withExpExtended b $ \m2 e2 −>

e1 /= e2 | | m1 /= m2

in s t ance ExpExtendable a => Ord (ExpExtended a ) where
compare a b = withExpExtended a $ \m1 e1 −> withExpExtended b $ \m2 e2 −>

140 case max e1 e2 o f
e | m1 == 0 −> compare 0 m2

| m2 == 0 −> compare m1 0
| otherwi s e −> s c a l eF l o a t ( e1 − e ) m1 ‘ compare ‘ s c a l eF l o a t ( e2 − e ) m2

145 i n s t ance ExpExtendable a => Num (ExpExtended a ) where
negate a = withExpExtended a $ \m e −> unsafeExpExtended ( negate m) e
a + b = withExpExtended a $ \m1 e1 −> withExpExtended b $ \m2 e2 −>

case max e1 e2 o f
e | m1 == 0 −> b

150 | m2 == 0 −> a
| otherwi s e −> expExtended ( s c a l eF l o a t ( e1 − e ) m1 + s ca l eF l o a t ( e2 − e )⤦

Ç m2) e
a ∗ b = withExpExtended a $ \m1 e1 −> withExpExtended b $ \m2 e2 −>

expExtended (m1 ∗ m2) ( e1 + e2 )
abs a = withExpExtended a $ \m e −> unsafeExpExtended ( abs m) e

155 signum a = withExpExtended a $ \m −> expExtended ( signum m) 0
f romInteger = s e l f

where
c = getCache1 s e l f
e = cD i g i t s c

160 s e l f n = case f romInteger n o f
m | i s I n f i n i t e m −> s c a l eF l o a t e ( f romInteger ( cDownShift c n e ) )

| otherwi s e −> expExtended m 0

in s t ance ExpExtendable a => Frac t i ona l ( ExpExtended a ) where
165 r e c i p a = withExpExtended a $ \m e −> expExtended ( r e c i p m) ( negate e )

fromRational q =
l e t x = fromInteger ( numerator q ) / f romInteger ( denominator q )
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p = toRat iona l x
d = q − p

170 y = fromInteger ( numerator d) / f romInteger ( denominator d)
in x + y

in s t ance ExpExtendable a => Real ( ExpExtended a ) where
toRat iona l = s e l f

175 where
c = getCacheIn1 s e l f
s e l f a = withExpExtended a $ \m e −>

l e t q = toRat iona l m in case compare e 0 o f
GT −> q ∗ f romInteger ( cRadixPower c e )

180 EQ −> q
LT −> q / f romInteger ( cRadixPower c ( negate e ) )

i n s t ance ExpExtendable a => RealFrac (ExpExtended a ) where
properFract ion = s e l f

185 where
c = getCache1 ( snd . s e l f )
s e l f a = withExpExtended a $ \m e −> case ( ) o f

| e > cD i g i t s c −>
case properFract ion ( s c a l eF l o a t ( cD i g i t s c + 1) m) o f

190 (n , ) −> ( f romInteger ( cUpShift c n ( e − cD i g i t s c − 1) ) , 0)
| e < 0 −> (0 , a )
| otherw i s e −> case properFract ion ( s c a l eF l o a t e m) o f

(n , m’ ) −> (n , expExtended m’ 0)

195 reduce : : RealFrac a => a −> a −> a
reduce p x = case properFract ion (x / p) o f

(n , y ) −> l e t n : : Int ; n = n in y ∗ p

in s t ance ExpExtendable a => Float ing (ExpExtended a ) where
200 pi = expExtended p i 0

exp = s e l f
where

c = getCache1 s e l f
205 s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e == 0 −> expExtended ( exp m) 0
| cExpMin c <= e && e <= cExpMax c −>

expExtended ( exp ( s c a l eF l o a t e m) ) 0
| e >= cExpSup c −> expExtended ( i f m > 0 then m / 0 e l s e 0) 0

210 | e < cExpInf c −> 1
| otherwi s e −> expExtended ( exp m) 0 ˆ ( cRadix c ˆ e )

l og = s e l f
where

215 c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −>

expExtended ( l og m + f romInteg ra l e ∗ cLogRadix c ) 0

sq r t = s e l f
220 where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −>

expExtended ( sq r t ( i f even e then m e l s e cRadix ’ c ∗ m) ) ( e ‘ div ‘ 2)

7



exp-extended src/Numeric/ExpExtended.hs

225 s i n = s e l f
where

c = getCache1 s e l f
s e l f x = l e t y = reduce (2 ∗ pi ) x in withExpExtended y $ \m e −>

i f e < cRangeMin c
230 then y

e l s e expExtended ( s i n ( s c a l eF l o a t e m) ) 0

cos = s e l f
where

235 c = getCache1 s e l f
s e l f x = withExpExtended ( reduce (2 ∗ pi ) x ) $ \m e −>

i f e < cRangeMin c
then 1
e l s e expExtended ( cos ( s c a l eF l o a t e m) ) 0

240

tan = s e l f
where

c = getCache1 s e l f
s e l f x = l e t y = reduce p i x in withExpExtended y $ \m e −>

245 i f e < cRangeMin c
then y
e l s e expExtended ( tan ( s c a l eF l o a t e m) ) 0

a s in = s e l f
250 where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −>

i f e < cRangeMin c
then x

255 e l s e expExtended ( a s in ( s c a l eF l o a t e m) ) 0

acos x = withExpExtended x $ \m e −> expExtended ( acos ( s c a l eF l o a t e m) ) 0

atan = s e l f
260 where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e == 0 −> expExtended ( atan m) 0
| e <= cRangeMin c −> x

265 | m < 0 −> negate ( atan ( negate x ) )
| e >= cRangeMax c −> pi /2 − atan ( r e c i p x )
| otherw i s e −> expExtended ( atan ( s c a l eF l o a t e m) ) 0

s inh = s e l f
270 where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e <= cRangeMin c −> x
| cExpMin c <= e && e <= cExpMax c −>

275 expExtended ( s inh ( s c a l eF l o a t e m) ) 0
| e >= cExpSup c −> expExtended ( signum m / 0) 0
| otherw i s e −> ( exp x − exp (−x ) ) / 2

cosh = s e l f
280 where

c = getCache1 s e l f

8
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s e l f x = withExpExtended x $ \m e −> case ( ) o f
| e == 0 −> expExtended ( cosh m) 0
| cExpMin c <= e && e <= cExpMax c −>

285 expExtended ( cosh ( s c a l eF l o a t e m) ) 0
| e >= cExpSup c −> expExtended (1/0) 0
| otherwi s e −> ( exp x + exp (−x ) ) / 2

tanh = s e l f
290 where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e == 0 −> expExtended ( tanh m) 0
| e <= cRangeMin c −> x

295 | e < cRangeMax c −> expExtended ( tanh ( s c a l eF l o a t e m) ) 0
| otherwi s e −> signum x

as inh = s e l f
where

300 c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e == 0 −> expExtended ( as inh m) 0
| e <= cRangeMin c −> x
| e < cRangeMax c −> expExtended ( as inh ( s c a l eF l o a t e m) ) 0

305 | m < 0 −> negate ( as inh ( negate x ) )
| otherw i s e −> l og x + log 2

−− x + sq r t ( xˆ2 + 1) == 2 ∗ x f o r huge x and smal l p r e c i s i o n

acosh = s e l f
310 where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e == 0 −> expExtended ( acosh m) 0
| e < cRangeMax c −> expExtended ( acosh ( s c a l eF l o a t e m) ) 0

315 | m < 0 −> acosh ( negate x )
| otherwi s e −> l og x + log 2

−− x + sq r t ( xˆ2 − 1) == 2 ∗ x f o r huge x and smal l p r e c i s i o n

atanh = s e l f
320 where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e == 0 −> expExtended ( atanh m) 0
| e <= cRangeMin c −> x

325 | otherw i s e −> expExtended ( atanh ( s c a l eF l o a t e m) ) 0

log1p = s e l f
where

c = getCache1 s e l f
330 s e l f x = withExpExtended x $ \m e −> case ( ) o f

| e <= cRangeMin c −> x
| e >= cRangeMax c −> l og (1 + x)
| otherw i s e −> expExtended ( log1p ( s c a l eF l o a t e m) ) 0

335 expm1 = s e l f
where

c = getCache1 s e l f
s e l f x = withExpExtended x $ \m e −> case ( ) o f

9
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| e <= cRangeMin c −> x
340 | e >= cExpMax c −> exp x − 1

| otherw i s e −> expExtended (expm1 ( s c a l eF l o a t e m) ) 0

log1pexp = log1p . exp

345 log1mexp x
| x <= negate ( l og 2) = log1p ( negate ( exp x ) )
| otherwi s e = log ( negate ( expm1 x ) )

i n s t ance ExpExtendable a => RealFloat (ExpExtended a ) where
350 f l oa tRad ix = s e l f

where
c = getCacheIn1 s e l f
s e l f = cRadix c

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

c = getCacheIn1 s e l f
s e l f = cD i g i t s c

360 f loatRange = (minExponent , maxExponent )

decodeFloat x = withExpExtended x $ \m e −> case decodeFloat m o f
(n , e ’ ) −> (n , e + e ’ )

encodeFloat n e = expExtended ( encodeFloat n 0) e
365

s i g n i f i c a n d x = withExpExtended x $ \m −> expExtended m 0
exponent x = withExpExtended x $ \ e −> e

s c a l eF l o a t = s e l f
370 where

minExponentI = to In t e g e r minExponent
maxExponentI = to In t e g e r maxExponent
s e l f 0 x = x
s e l f n x = withExpExtended x $ \m e −> case ( ) o f

375 | m == 0 | | i s I n f i n i t e m | | isNaN m −> x
| e == 0 && minExponent <= n && n <= maxExponent −>

unsafeExpExtended m n
| minExponent <= n && n <= maxExponent &&

minExponent <= ne && ne <= maxExponent −>
380 unsafeExpExtended m ne

| minExponentI <= neI && neI <= maxExponentI −>
unsafeExpExtended m ( f romInteger neI )

| neI < minExponentI −> unsafeExpExtended ( signum m ∗ 0) 0
| maxExponentI < neI −> unsafeExpExtended ( signum m / 0) 0

385 where
ne = n + e
neI = to In t e g e r n + to In t e g e r e

isNaN x = withExpExtended x $ \m −> isNaN m
390 i s I n f i n i t e x = withExpExtended x $ \m −> i s I n f i n i t e m

isDenormal ized = False
i sNegat iveZero x = withExpExtended x $ \m −> i sNegat iveZero m
isIEEE = False −− what does t h i s r e a l l y mean?

395 atan2 y x = withExpExtended y $ \my ey −> withExpExtended x $ \mx ex −>

10
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case negate (max ey ex ) o f
e | ex == 0 && ey == 0 −> expExtended ( atan2 my mx) 0

| ex == 0 −> expExtended ( atan2 ( s c a l eF l o a t ey my) mx) 0
| ey == 0 −> expExtended ( atan2 my ( s c a l eF l o a t ex mx) ) 0

400 | otherwi s e −> expExtended ( atan2 ( s c a l eF l o a t e my) ( s c a l eF l o a t e mx) ) 0

in s t ance ExpExtendable a => Enum (ExpExtended a ) where
−− based on ’ compensated ’ ( c ) Edward Kmett 2013 ( l i c e n s e : BSD3)
−− <http :// hackage . h a s k e l l . org /package/compensated −0 .6 . 1/ docs / s r c /Numeric−⤦

Ç Compensated . html#l i n e −436>
405 succ a = a + 1

pred a = a − 1
toEnum = fromInteg ra l
fromEnum = round
enumFrom x = x : enumFrom (x + 1)

410 enumFromThen x y = x : enumFromThen y (y − x + y)
enumFromTo x y

| x <= y = x : enumFromTo (x + 1) y
| otherwi s e = [ ]

enumFromThenTo a b c
415 | a <= b = up a

| otherwi s e = down a
where
de l t a = b − a
up x | x <= c = x : up (x + de l t a )

420 | otherw i s e = [ ]
down x | c <= x = x : down (x + de l t a )

| otherwi s e = [ ]

−− TODO: i n s t an c e s f o r s to rab l e , deepseq , unboxed vectors , . . .

6 src/Numeric/ExpExtended/Internal.hs

−− | I n t e r na l s t u f f .
module Numeric . ExpExtended . I n t e r na l

( Cache ( . . )
, cacheDefau l t

5 , minExponent
, maxExponent
) where

import Data . B i t s ( b i t , sh i f tL , sh i f tR )
10

−− | Cache o f u s e f u l magic va lue s .
data Cache a = Cache

{ cRadix : : ! I n t eg e r
−− ˆ base ’ f loatRadix ’

15 , cD i g i t s : : ! Int
−− ˆ base ’ f l o a tD i g i t s ’
, cRangeMin : : ! Int
−− ˆ base ’ f s t ’ . ’ f loatRange ’
, cRangeMax : : ! Int

20 −− ˆ base ’ snd ’ . ’ f loatRange ’
, cSupExponent : : ! Int
−− ˆ magic f o r over f l ow checks
−−

−− > ( f i n i t e : : a ) && supExponent <= e ==> maxExponent < exponent f i n i t e + e

11
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25 , cInfExponent : : ! Int
−− ˆ magic f o r underf low checks
−−

−− > ( f i n i t e : : a ) && e <= infExponent ==> exponent f i n i t e + e < minExponent
, cUpShift : : I n t eg e r −> Int −> I n t eg e r

30 −− ˆ radix −aware ’ sh i f tL ’
, cDownShift : : I n t eg e r −> Int −> I n t eg e r
−− ˆ radix −aware ’ sh i f tR ’
, cRadixPower : : Int −> I n t eg e r
−− ˆ radix −aware ’ b i t ’

35 , cExpMin : : ! Int
−− ˆ sma l l e r than t h i s exponent and base ’ exp ’ i s 1
, cExpMax : : ! Int
−− ˆ l a r g e r than t h i s exponent and base ’ exp ’ ove r f l ows to i n f or 0
, cExpInf : : ! Int

40 −− ˆ sma l l e r than t h i s exponent and extended ’ exp ’ i s 1
, cExpSup : : ! Int
−− ˆ l a r g e r than t h i s exponent and extended ’ exp ’ ove r f l ows to i n f or 0
, cLogRadix : : ! a
−− ˆ base ’ log ’ . ’ f romInteger ’ . ’ f l oatRadix ’

45 , cRadix ’ : : ! a
−− ˆ base ’ f romInteger ’ . ’ f l oatRadix ’
}

−− | Calcu la te the magic va lue s at a type .
50 cacheDefau l t : : RealFloat a => Cache a

cacheDefau l t = s e l f
where

x = unProxy s e l f
s e l f = Cache

55 { cRadix = f loa tRad ix x
, cD i g i t s = f l o a tD i g i t s x
, cRangeMin = f s t ( f loatRange x )
, cRangeMax = snd ( f loatRange x )
, cSupExponent = supExponentDefault x

60 , cInfExponent = infExponentDefault x
, cUpShift = case f l oa tRad ix x o f

2 −> s h i f t L
d −> \n e −> n ∗ (d ˆ e )

, cDownShift = case f l oa tRad ix x o f
65 2 −> sh i f tR

d −> \n e −> n ‘ div ‘ (d ˆ e )
, cRadixPower = case f l oa tRad ix x o f

2 −> b i t
d −> \e −> d ˆ e

70 , cExpMin = expMinDefault x
, cExpMax = expMaxDefault x
, cExpInf = expIn fDe fau l t x
, cExpSup = expSupDefault x
, cLogRadix = log ( f r omInteg ra l ( f l oa tRad ix x ) )

75 , cRadix ’ = f romInteg ra l ( f l oa tRad ix x )
}

unProxy : : proxy a −> a
unProxy = undef ined

80

margin : : Int
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−− f o r handl ing smal l changes in exponents in add i t i on to l a r g e changes
−− TODO prove t h i s works proper ly
margin = 2

85

−− | Maximum exponent .
−−

−− As big as p o s s i b l e without r e qu i r i n g more expens ive over f l ow checks .
maxExponent : : Int

90 maxExponent = div maxBound 2 − margin

−− | Minimum exponent .
−−

−− As smal l as p o s s i b l e without r e qu i r i n g more expens ive over f l ow checks .
95 minExponent : : Int

minExponent = div minBound 2 + margin

{−
b ˆ maxExponent = exp (bˆe )

100 maxExponent ∗ l og b = b ˆ e
maxExponent ∗ l og b = exp ( e ∗ l og b) )
l og (maxExponent ∗ l og b) / log b = e
−}
expSupDefault : : RealFloat a => a −> Int

105 expSupDefault m = f l o o r $ logBase b ( f r omInteg ra l maxExponent ∗ l og b)
where

b : : Double
b = f romInteg ra l ( f l oa tRad ix m)

110 expIn fDe fau l t : : RealFloat a => a −> Int
expIn fDe fau l t m = negate ( f l o a tD i g i t s m)

expMaxDefault : : RealFloat a => a −> Int
expMaxDefault m = f l o o r $ logBase b ( l og ( s c a l eF l o a t ( snd ( f loatRange m) ) ( r e c i p⤦

Ç b) ) )
115 where b = f romInteg ra l ( f l oa tRad ix m) ‘ asTypeOf ‘ m

expMinDefault : : RealFloat a => a −> Int
expMinDefault m = negate ( f l o a tD i g i t s m)

120

−− Exponents l a r g e r than t h i s w i l l always over f l ow .
−− Smal ler exponents might s t i l l over f low , depending on the base exponent .
supExponentDefault : : RealFloat a => a −> Int
supExponentDefault x

125 = maxExponent
− f s t ( f loatRange x )
+ f l o a tD i g i t s x

−− Exponents sma l l e r than t h i s w i l l always underf low .
130 −− Larger exponents might s t i l l underf low , depending on the base exponent .

in fExponentDefault : : RealFloat a => a −> Int
in fExponentDefault x

= minExponent
− snd ( f loatRange x )

135 − f l o a tD i g i t s x
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