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1 arm/Numeric/LongDouble.hs

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− |
−− Module : Numeric . LongDouble
−− Copyright : (C) 2018 Claude Heiland −Allen

5 −− License : BSD3
−− Maintainer : Claude Heiland −Allen <claude@mathr . co . uk>
−− S t a b i l i t y : exper imenta l
−− Po r t ab i l i t y : non−por tab l e
−−

10 −− This module re −export s the d e f au l t platform − s p e c f i c ABI f o r C’ s long double .
module Numeric . LongDouble ( module Numeric . LongDouble .ARM 64 ) where

import Numeric . LongDouble .ARM 64
( LongDouble ( )

15 , t runcate ’ , round ’ , c e i l i n g ’ , f l o o r ’
, fromDouble , toDouble , fromInt , t o In t
)

2 ChangeLog.md

# Revis ion h i s t o r y f o r long −double

## 0.1 −− 2018−03−09

5 ∗ F i r s t r e l e a s e .

2



long-double c/longdouble.c

3 c/longdouble.c

#inc lude <math . h>
#inc lude <HsFFI . h>

HsDouble l d g e t d ( const long double ∗a ) { re turn ∗a ; }
5 HsInt l d g e t i ( const long double ∗a ) { re turn ∗a ; }

void l d s e t d ( long double ∗ r , HsDouble b) { ∗ r = b ; }
void l d s e t i ( long double ∗ r , HsInt b) { ∗ r = b ; }

void ld add ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r = ∗⤦
Ç a + ∗b ; }

10 void ld sub ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r = ∗⤦
Ç a − ∗b ; }

void ld mul ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r = ∗⤦
Ç a ∗ ∗b ; }

void l d d i v ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r = ∗⤦
Ç a / ∗b ; }

void ld pow ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r = ⤦
Ç powl (∗a , ∗b) ; }

void ld atan2 ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r =⤦
Ç atan2 l (∗a , ∗b) ; }

15 void ld min ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r = ⤦
Ç fmin l (∗a , ∗b) ; }

void ld max ( long double ∗ r , const long double ∗a , const long double ∗b) { ∗ r = ⤦
Ç fmaxl (∗a , ∗b) ; }

i n t l d l t ( const long double ∗a , const long double ∗b) { re turn ∗a < ∗b ; }
i n t l d l e ( const long double ∗a , const long double ∗b) { re turn ∗a <= ∗b ; }

20 i n t l d eq ( const long double ∗a , const long double ∗b) { re turn ∗a == ∗b ; }
i n t ld ne ( const long double ∗a , const long double ∗b) { re turn ∗a != ∗b ; }
i n t l d g e ( const long double ∗a , const long double ∗b) { re turn ∗a >= ∗b ; }
i n t l d g t ( const long double ∗a , const long double ∗b) { re turn ∗a > ∗b ; }

25 void ld abs ( long double ∗ r , const long double ∗a ) { ∗ r = f a b s l (∗ a ) ; }
void ld sgn ( long double ∗ r , const long double ∗a ) { ∗ r = (∗ a > 0) − (0 > ∗a ) ; }
void ld neg ( long double ∗ r , const long double ∗a ) { ∗ r = − ∗a ; }
void l d r e c i p ( long double ∗ r , const long double ∗a ) { ∗ r = 1 .0L / ∗a ; }
void l d s q r t ( long double ∗ r , const long double ∗a ) { ∗ r = s q r t l (∗ a ) ; }

30 void ld exp ( long double ∗ r , const long double ∗a ) { ∗ r = expl (∗ a ) ; }
void l d l o g ( long double ∗ r , const long double ∗a ) { ∗ r = l o g l (∗ a ) ; }
void l d s i n ( long double ∗ r , const long double ∗a ) { ∗ r = s i n l (∗ a ) ; }
void l d c o s ( long double ∗ r , const long double ∗a ) { ∗ r = c o s l (∗ a ) ; }
void ld tan ( long double ∗ r , const long double ∗a ) { ∗ r = tan l (∗ a ) ; }

35 void l d s i n h ( long double ∗ r , const long double ∗a ) { ∗ r = s i n h l (∗ a ) ; }
void ld co sh ( long double ∗ r , const long double ∗a ) { ∗ r = co sh l (∗ a ) ; }
void ld tanh ( long double ∗ r , const long double ∗a ) { ∗ r = tanhl (∗ a ) ; }
void l d a s i n ( long double ∗ r , const long double ∗a ) { ∗ r = a s i n l (∗ a ) ; }
void l d a c o s ( long double ∗ r , const long double ∗a ) { ∗ r = aco s l (∗ a ) ; }

40 void ld a tan ( long double ∗ r , const long double ∗a ) { ∗ r = atan l (∗ a ) ; }
void l d a s i nh ( long double ∗ r , const long double ∗a ) { ∗ r = a s i nh l (∗ a ) ; }
void ld aco sh ( long double ∗ r , const long double ∗a ) { ∗ r = acosh l (∗ a ) ; }
void ld atanh ( long double ∗ r , const long double ∗a ) { ∗ r = atanhl (∗ a ) ; }
void l d f l o o r ( long double ∗ r , const long double ∗a ) { ∗ r = f l o o r l (∗ a ) ; }

45 void l d c e i l ( long double ∗ r , const long double ∗a ) { ∗ r = c e i l l (∗ a ) ; }
void ld round ( long double ∗ r , const long double ∗a ) { ∗ r = roundl (∗ a ) ; }
void l d t runc ( long double ∗ r , const long double ∗a ) { ∗ r = t runc l (∗ a ) ; }
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long-double .gitignore

i n t l d i s n an ( const long double ∗a ) { re turn f p c l a s s i f y (∗ a ) == FP NAN; }
50 i n t l d i s i n f ( const long double ∗a ) { re turn f p c l a s s i f y (∗ a ) == FP INFINITE ; }

i n t ld i sdenorm ( const long double ∗a ) { re turn f p c l a s s i f y (∗ a ) == FP SUBNORMAL; }
i n t l d i s n e g z e r o ( const long double ∗a ) { re turn f p c l a s s i f y (∗ a ) == FP ZERO && ⤦

Ç s i g nb i t (∗ a ) ; }

void ld ld exp ( long double ∗ r , const long double ∗a , i n t b) { ∗ r = ldexp l (∗a , b) ;⤦
Ç }

55 void l d f r e xp ( long double ∗ r , const long double ∗a , i n t ∗b) { ∗ r = f r e x p l (∗a , b)⤦
Ç ; }

void l d p i ( long double ∗ r ) { ∗ r = 3.141592653589793238462643383279502884L ; }

4 .gitignore

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

5 hs/Numeric/LongDouble/ARM 64.hs

{−# LANGUAGE Fore i gnFunct i on In te r f a ce #−}
{−# LANGUAGE General izedNewtypeDeriving #−}
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− |
5 −− Module : Numeric . LongDouble .ARM 64

−− Copyright : (C) 2018 Claude Heiland −Allen
−− License : BSD3
−− Maintainer : Claude Heiland −Allen <claude@mathr . co . uk>
−− S t a b i l i t y : exper imenta l

10 −− Po r t ab i l i t y : non−por tab l e ( assumes s i z e o f ( long double ) == 8)
−−

−− This module conta in s a LongDouble type that i s the same as Double , as on ARM.
−−

−− Most code should import Numeric . LongDouble instead , un l e s s a s p e c i f i c ABI
15 −− i s needed . This module i s f o r s i z e o f ( long double ) == 8 , with the type being

−− a s imple a l i a s f o r double .
module Numeric . LongDouble .ARM 64

(
−− ∗ long double data type

20 LongDouble ( . . )
−− ∗ RealFrac a l t e r n a t i v e s
, truncate ’
, round ’
, c e i l i n g ’

25 , f l o o r ’
−− ∗ Convers ions
, fromDouble
, toDouble
, fromInt

30 , t o In t
) where

import Data . Coerce ( coe r c e )
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long-double hs/Numeric/LongDouble/X87 128.hs

import Fore ign ( Ptr , with , a l l o c a )
35 import Fore ign .C. Types (CDouble ( . . ) )

import Fore ign . S to rab l e ( S to rab l e ( . . ) )
import Numeric ( showFloat , readFloat , readSigned )
import System . IO . Unsafe ( unsafePerformIO )

40 −− | The long double type on ARM: 64 b i t s o f double in 64 b i t s o f space .
newtype LongDouble = LD Double

d e r i v i ng ( Storab le , Eq , Ord , Num, Real , Fract iona l , RealFrac , Float ing , ⤦
Ç RealFloat )

i n s t ance Read LongDouble where
45 readsPrec p = coe r ce . ( readsPrec p : : ReadS Double )

i n s t ance Show LongDouble where
showsPrec p (LD x) = showsPrec p x

50 f romInt : : Int −> LongDouble
fromInt = f romInteg ra l

t o In t : : LongDouble −> Int
to In t = truncate

55

fromDouble : : Double −> LongDouble
fromDouble = coe r ce

toDouble : : LongDouble −> Double
60 toDouble = coe r ce

−− | Alternate v e r s i on s o f RealFrac methods that
−− keep the value as a long double .
truncate ’ , round ’ , c e i l i n g ’ , f l o o r ’ : : LongDouble −> LongDouble

65 truncate ’ = f1 d trunc
round ’ = f1 d round
c e i l i n g ’ = f1 d c e i l
f l o o r ’ = f1 d f l o o r

70 f 1 : : (CDouble −> IO CDouble ) −> LongDouble −> LongDouble
f 1 f a = unsafePerformIO $ do

r <− f ( coe r c e a )
re turn ( coe r c e r )

75 f o r e i g n import c c a l l unsa fe ”math . h f l o o r ” d f l o o r : : CDouble −> IO CDouble
f o r e i g n import c c a l l unsa fe ”math . h c e i l ” d c e i l : : CDouble −> IO CDouble
f o r e i g n import c c a l l unsa fe ”math . h round” d round : : CDouble −> IO CDouble
f o r e i g n import c c a l l unsa fe ”math . h trunc ” d trunc : : CDouble −> IO CDouble

6 hs/Numeric/LongDouble/X87 128.hs

{−# LANGUAGE CPP #−}
{−# LANGUAGE Fore i gnFunct i on In te r f a ce #−}
{−# LANGUAGE MagicHash #−}
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 −− |
−− Module : Numeric . LongDouble . X87 128
−− Copyright : (C) 2018 Claude Heiland −Allen
−− License : BSD3
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long-double hs/Numeric/LongDouble/X87 128.hs

−− Maintainer : Claude Heiland −Allen <claude@mathr . co . uk>
10 −− S t a b i l i t y : exper imenta l

−− Po r t ab i l i t y : non−por tab l e ( assumes x87 with s i z e o f ( long double ) == 16)
−−

−− This module conta in s a LongDouble type that can be used i f you need that
−− ext ra p r e c i s i o n or range from the x87 FPU extended p r e c i s i o n type .

15 −− I t has 15 b i t s igned exponent ( compared to 11 b i t s igned exponent f o r Double )
−− and 64 b i t mantissa ( compared to 53 b i t mantissa f o r Double ) .
−−

−− Performance i s l i k e l y to be poor , as the i n s t an c e s are implemented us ing
−− FFI with Ptr LongDouble , copying to and from memory around each opera t i on .

20 −− I f you need to bind to f unc t i on s tak ing / r e tu rn ing long double you need to
−− wr i t e wrapper f unc t i on s expect ing po i n t e r s to long double instead , as GHC
−− does not expose a CLDouble FFI type .
−− See <https : // ghc . h a s k e l l . org / t ra c /ghc/ t i c k e t /3353>.
−−

25 −− Most code should import Numeric . LongDouble instead , un l e s s a s p e c i f i c ABI
−− i s needed . This module i s f o r x87 with s i z e o f ( long double ) == 16 .
module Numeric . LongDouble . X87 128

(
−− ∗ long double data type

30 LongDouble ( . . )
−− ∗ RealFrac a l t e r n a t i v e s
, truncate ’
, round ’
, c e i l i n g ’

35 , f l o o r ’
−− ∗ Convers ions
, fromDouble
, toDouble
, fromInt

40 , t o In t
) where

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

45 import Data .Word (Word64)
import Fore ign ( Ptr , castPtr , with , a l l o c a )
import Fore ign .C. Types (CIntMax ( . . ) , CInt ( . . ) , CDouble ( . . ) )
import Fore ign . S to rab l e ( S to rab l e ( . . ) )
import Numeric ( showFloat , readFloat , readSigned )

50 import System . IO . Unsafe ( unsafePerformIO )
import GHC. Exts ( Int ( . . ) )
import GHC. In t eg e r . Logarithms ( integerLog2#)

−− | The long double type on x86 64 : 80 b i t s o f x87 FPU data in 128 b i t s o f space .
55 data LongDouble = LD !Word64 !Word64

in s t ance Sto rab l e LongDouble where
s i z eO f = 2 ∗ s i z eO f (0 : : Word64)
al ignment = al ignment (0 : : Word64)

60 peek p = do
l e t q : : Ptr Word64

q = castPtr p
a <− peekElemOff q 0
b <− peekElemOff q 1

65 re turn $ LD a b
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long-double hs/Numeric/LongDouble/X87 96.hs

poke p (LD a b) = do
l e t q : : Ptr Word64

q = castPtr p
pokeElemOff q 0 a

70 pokeElemOff q 1 b

#inc lude ”X87 . hs”

7 hs/Numeric/LongDouble/X87 96.hs

{−# LANGUAGE CPP #−}
{−# LANGUAGE Fore i gnFunct i on In te r f a ce #−}
{−# LANGUAGE MagicHash #−}
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 −− |
−− Module : Numeric . LongDouble . X87 128
−− Copyright : (C) 2018 Claude Heiland −Allen
−− License : BSD3
−− Maintainer : Claude Heiland −Allen <claude@mathr . co . uk>

10 −− S t a b i l i t y : exper imenta l
−− Po r t ab i l i t y : non−por tab l e ( assumes x87 with s i z e o f ( long double ) == 12)
−−

−− This module conta in s a LongDouble type that can be used i f you need that
−− ext ra p r e c i s i o n or range from the x87 FPU extended p r e c i s i o n type .

15 −− I t has 15 b i t s igned exponent ( compared to 11 b i t s igned exponent f o r Double )
−− and 64 b i t mantissa ( compared to 53 b i t mantissa f o r Double ) .
−−

−− Performance i s l i k e l y to be poor , as the i n s t an c e s are implemented us ing
−− FFI with Ptr LongDouble , copying to and from memory around each opera t i on .

20 −− I f you need to bind to f unc t i on s tak ing / r e tu rn ing long double you need to
−− wr i t e wrapper f unc t i on s expect ing po i n t e r s to long double instead , as GHC
−− does not expose a CLDouble FFI type .
−− See <https : // ghc . h a s k e l l . org / t ra c /ghc/ t i c k e t /3353>.
−−

25 −− Most code should import Numeric . LongDouble instead , un l e s s a s p e c i f i c ABI
−− i s needed . This module i s f o r x87 with s i z e o f ( long double ) == 12 .
module Numeric . LongDouble . X87 96

(
−− ∗ long double data type

30 LongDouble ( . . )
−− ∗ RealFrac a l t e r n a t i v e s
, truncate ’
, round ’
, c e i l i n g ’

35 , f l o o r ’
−− ∗ Convers ions
, fromDouble
, toDouble
, fromInt

40 , t o In t
) where

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

45 import Data .Word (Word64 , Word32)
import Fore ign ( Ptr , castPtr , with , a l l o c a )
import Fore ign .C. Types (CIntMax ( . . ) , CInt ( . . ) , CDouble ( . . ) )
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long-double hs/Numeric/LongDouble/X87.hs

import Fore ign . S to rab l e ( S to rab l e ( . . ) )
import Numeric ( showFloat , readFloat , readSigned )

50 import System . IO . Unsafe ( unsafePerformIO )
import GHC. Exts ( Int ( . . ) )
import GHC. In t eg e r . Logarithms ( integerLog2#)

−− | The long double type on i386 : 80 b i t s o f x87 FPU data in 96 b i t s o f space .
55 data LongDouble = LD !Word64 !Word32

in s t ance Sto rab l e LongDouble where
s i z eO f = s i z eO f (0 : : Word64) + s i z eOf (0 : : Word32)
al ignment = al ignment (0 : : Word32)

60 peek p = do
l e t q : : Ptr Word64

q = castPtr p
r : : Ptr Word32
r = castPtr p

65 a <− peekElemOff q 0
b <− peekElemOff r 2
re turn $ LD a b

poke p (LD a b) = do
l e t q : : Ptr Word64

70 q = castPtr p
r : : Ptr Word32
r = castPtr p

pokeElemOff q 0 a
pokeElemOff r 2 b

75

#inc lude ”X87 . hs”

8 hs/Numeric/LongDouble/X87.hs

i n s t ance Eq LongDouble where
(==) = cmp ld eq
(/=) = cmp ld ne

5 i n s t ance Ord LongDouble where
(<=) = cmp l d l e
(< ) = cmp l d l t
(>=) = cmp ld g e
(> ) = cmp l d g t

10 min = f2 ld min
max = f2 ld max

in s t ance Num LongDouble where
f romInteger z = encodeFloat z 0

15 negate = f1 ld neg
(+) = f2 ld add
(−) = f2 ld sub
(∗ ) = f2 ld mul
abs = f1 ld ab s

20 signum = f1 ld sgn

in s t ance Real LongDouble where
toRat iona l l = case decodeFloat l o f

(m, e )
25 | e >= 0 −> m ‘ sh i f tL ‘ e % 1

8



long-double hs/Numeric/LongDouble/X87.hs

| otherw i s e −> m % bi t ( negate e )

i n s t ance Frac t i ona l LongDouble where
fromRational q = −− FIXME accuracy ?

30 l e t a = fromInteger ( numerator q ) / f romInteger ( denominator q )
r = q − toRat iona l a
b = fromInteger ( numerator r ) / f romInteger ( denominator r )

in a + b
(/) = f2 l d d i v

35 r e c i p = f1 l d r e c i p

in s t ance RealFrac LongDouble where
properFract ion l

| l >= 0 = l e t n ’ = f l o o r ’ l
40 f = l − n ’

in ( f romInteger . to In tege r ’ $ n ’ , f )

| l < 0 = l e t n ’ = c e i l i n g ’ l
f = l − n ’

45 in ( f romInteger . to In tege r ’ $ n ’ , f )
| otherwi s e = (0 , l ) −− NaN

truncate = fromInteger . to Intege r ’ . t runcate ’
round = fromInteger . to Intege r ’ . round ’
c e i l i n g = fromInteger . to Intege r ’ . c e i l i n g ’

50 f l o o r = fromInteger . to Intege r ’ . f l o o r ’

to Intege r ’ : : LongDouble −> I n t eg e r
to Intege r ’ l = case decodeFloat l o f

(m, e )
55 | e >= 0 −> m ‘ sh i f tL ‘ e

| otherwi s e −> m ‘ shi f tR ‘ negate e

−− | Alternate v e r s i on s o f RealFrac methods that
−− keep the value as a long double .

60 truncate ’ , round ’ , c e i l i n g ’ , f l o o r ’ : : LongDouble −> LongDouble
truncate ’ = f1 l d t runc
round ’ = f1 ld round
c e i l i n g ’ = f1 l d c e i l
f l o o r ’ = f1 l d f l o o r

65

i n s t ance F loat ing LongDouble where
p i = unsafePerformIO $ do

a l l o c a $ \ lp −> do
l d p i lp

70 peek lp
exp = f1 ld exp
log = f1 l d l o g
sq r t = f1 l d s q r t
(∗∗ ) = f2 ld pow

75 −− logBase
s i n = f1 l d s i n
cos = f1 l d c o s
tan = f1 ld tan
s inh = f1 l d s i n h

80 cosh = f1 ld co sh
tanh = f1 ld tanh
as in = f1 l d a s i n

9



long-double hs/Numeric/LongDouble/X87.hs

acos = f1 l d a c o s
atan = f1 ld a tan

85 as inh = f1 l d a s i nh
acosh = f1 ld aco sh
atanh = f1 ld atanh

in s t ance RealFloat LongDouble where
90 f l oa tRad ix = 2

f l o a tD i g i t s = 64
f loatRange = ( −16381 ,16384) −− FIXME ve r i f y ?

decodeFloat l@ (LD a b)
95 | isNaN l = (0 , 0)

| i s I n f i n i t e l = (0 , 0)
| l == 0 = (0 , 0)
| i sDenormal ized l = case decodeFloat ( s c a l eF l o a t 128 l ) o f

(m, e ) −> (m, e − 128)
100 | otherwi s e =

( ( i f s then negate e l s e id ) ( f r omInteg ra l a )
, f r omInteg ra l e0 − 16383 − 63
)

where
105 s = b ‘ t e s tB i t ‘ 15

e0 = b .&. ( b i t 15 − 1)

encodeFloat m e
| m == 0 = LD 0 0

110 | m < 0 = negate ( encodeFloat ( negate m) e )
| b >= b i t 15 − 1 = LD ( b i t 63) ( b i t 15 − 1) −− over f l ow to i n f i n i t y
| b <= 0 = sca l eF l o a t (b − 128) ( encodeFloat m ( e − b + 128) ) −− denormal
| otherwi s e = LD a ( f r omInteg ra l b) −− normal
where

115 l = I# ( integerLog2# m)
t = l − 63
a | t >= 0 = fromInteger (m ‘ sh i f tR ‘ t )

| otherwi s e = fromInteger (m ‘ sh i f tL ‘ negate t )
b = e + t + 16383 + 63

120

exponent l@ (LD b)
| isNaN l = 0
| i s I n f i n i t e l = 0
| l == 0 = 0

125 | i sDenormal ized l = snd ( decodeFloat l ) + 64
| otherwi s e = f romInteg ra l e0 − 16383 − 63 + 64
where

e0 = b .&. ( b i t 15 − 1)

130 s i g n i f i c a n d l = unsafePerformIO $ do
with l $ \ lp −> a l l o c a $ \ep −> do

l d f r e xp lp lp ep
peek lp

135 s c a l eF l o a t e l = unsafePerformIO $ do
with l $ \ lp −> do

ld ld exp lp lp ( f r omInteg ra l e )
peek lp

10
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140 isNaN = t s t l d i s n an
i s I n f i n i t e = t s t l d i s i n f
i sDenormal ized = t s t ld i sdenorm
i sNegat iveZero = t s t l d i s n e g z e r o
isIEEE = True

145

atan2 = f2 ld atan2

in s t ance Read LongDouble where
readsPrec = readSigned readFloat

150

i n s t ance Show LongDouble where
showsPrec p x = showParen (p >= 7 && take 1 s == ”−”) ( s ++) −− FIXME: ⤦

Ç precedence i s s u e s ?
where s = showFloat x ””

155 f romInt : : Int −> LongDouble
fromInt i = unsafePerformIO $ do

a l l o c a $ \ lp −> do
l d s e t i lp ( f r omInteg ra l i )
peek lp

160

t o In t : : LongDouble −> Int
to In t l = unsafePerformIO $ with l l d g e t i

fromDouble : : Double −> LongDouble
165 fromDouble i = unsafePerformIO $ do

a l l o c a $ \ lp −> do
l d s e t d lp i
peek lp

170 toDouble : : LongDouble −> Double
toDouble l = unsafePerformIO $ with l l d g e t d

f2 : : F2 −> LongDouble −> LongDouble −> LongDouble
f 2 f a b = unsafePerformIO $ do

175 with a $ \ap −> with b $ \bp −> a l l o c a $ \ rp −> do
f rp ap bp
peek rp

type F2 = Ptr LongDouble −> Ptr LongDouble −> Ptr LongDouble −> IO ( )
180

f o r e i g n import c c a l l unsa fe ” ld add ” ld add : : F2
f o r e i g n import c c a l l unsa fe ” ld sub ” ld sub : : F2
f o r e i g n import c c a l l unsa fe ” ld mul ” ld mul : : F2
f o r e i g n import c c a l l unsa fe ” l d d i v ” l d d i v : : F2

185 f o r e i g n import c c a l l unsa fe ” ld pow” ld pow : : F2
f o r e i g n import c c a l l unsa fe ” ld min ” ld min : : F2
f o r e i g n import c c a l l unsa fe ” ld max” ld max : : F2
f o r e i g n import c c a l l unsa fe ” ld atan2 ” ld atan2 : : F2

190 f 1 : : F1 −> LongDouble −> LongDouble
f 1 f a = unsafePerformIO $ do

with a $ \ap −> a l l o c a $ \ rp −> do
f rp ap
peek rp

195

11
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type F1 = Ptr LongDouble −> Ptr LongDouble −> IO ( )

f o r e i g n import c c a l l unsa fe ” ld ab s ” ld ab s : : F1
f o r e i g n import c c a l l unsa fe ” ld sgn ” ld sgn : : F1

200 f o r e i g n import c c a l l unsa fe ” ld neg ” ld neg : : F1
f o r e i g n import c c a l l unsa fe ” l d s q r t ” l d s q r t : : F1
f o r e i g n import c c a l l unsa fe ” l d r e c i p ” l d r e c i p : : F1
f o r e i g n import c c a l l unsa fe ” ld exp ” ld exp : : F1
f o r e i g n import c c a l l unsa fe ” l d l o g ” l d l o g : : F1

205 f o r e i g n import c c a l l unsa fe ” l d s i n ” l d s i n : : F1
f o r e i g n import c c a l l unsa fe ” l d c o s ” l d c o s : : F1
f o r e i g n import c c a l l unsa fe ” ld tan ” ld tan : : F1
f o r e i g n import c c a l l unsa fe ” l d s i n h ” l d s i n h : : F1
f o r e i g n import c c a l l unsa fe ” l d co sh ” ld co sh : : F1

210 f o r e i g n import c c a l l unsa fe ” ld tanh ” ld tanh : : F1
f o r e i g n import c c a l l unsa fe ” l d a s i n ” l d a s i n : : F1
f o r e i g n import c c a l l unsa fe ” l d a c o s ” l d a c o s : : F1
f o r e i g n import c c a l l unsa fe ” ld a tan ” ld a tan : : F1
f o r e i g n import c c a l l unsa fe ” l d a s i nh ” l d a s i nh : : F1

215 f o r e i g n import c c a l l unsa fe ” ld aco sh ” ld aco sh : : F1
f o r e i g n import c c a l l unsa fe ” ld atanh ” ld atanh : : F1
f o r e i g n import c c a l l unsa fe ” l d f l o o r ” l d f l o o r : : F1
f o r e i g n import c c a l l unsa fe ” l d c e i l ” l d c e i l : : F1
f o r e i g n import c c a l l unsa fe ” ld round ” ld round : : F1

220 f o r e i g n import c c a l l unsa fe ” l d t runc ” l d t runc : : F1

type CMP = Ptr LongDouble −> Ptr LongDouble −> IO CInt

cmp : : CMP −> LongDouble −> LongDouble −> Bool
225 cmp f a b = unsafePerformIO $ do

with a $ \ap −> with b $ \bp −> do
r <− f ap bp
return ( r /= 0)

230 f o r e i g n import c c a l l unsa fe ” l d eq ” ld eq : : CMP
f o r e i g n import c c a l l unsa fe ” ld ne ” ld ne : : CMP
f o r e i g n import c c a l l unsa fe ” l d l t ” l d l t : : CMP
f o r e i g n import c c a l l unsa fe ” l d l e ” l d l e : : CMP
f o r e i g n import c c a l l unsa fe ” l d g t ” l d g t : : CMP

235 f o r e i g n import c c a l l unsa fe ” l d g e ” l d g e : : CMP

type TST = Ptr LongDouble −> IO CInt

t s t : : TST −> LongDouble −> Bool
240 t s t f a = unsafePerformIO $ do

with a $ \ap −> do
r <− f ap
re turn ( r /= 0)

245 f o r e i g n import c c a l l unsa fe ” l d i s n an ” l d i s n an : : TST
f o r e i g n import c c a l l unsa fe ” l d i s i n f ” l d i s i n f : : TST
f o r e i g n import c c a l l unsa fe ” ld i sdenorm ” ld i sdenorm : : TST
f o r e i g n import c c a l l unsa fe ” l d i s n e g z e r o ” l d i s n e g z e r o : : TST

250 f o r e i g n import c c a l l unsa fe ” l d g e t d ” l d g e t d : : Ptr LongDouble −> IO Double
f o r e i g n import c c a l l unsa fe ” l d g e t i ” l d g e t i : : Ptr LongDouble −> IO Int

12
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f o r e i g n import c c a l l unsa fe ” l d s e t d ” l d s e t d : : Ptr LongDouble −> Double −> ⤦

Ç IO ( )
f o r e i g n import c c a l l unsa fe ” l d s e t i ” l d s e t i : : Ptr LongDouble −> Int −> IO ⤦

Ç ( )
255

f o r e i g n import c c a l l unsa fe ” ld ld exp ” ld ld exp : : Ptr LongDouble −> Ptr ⤦
Ç LongDouble −> CInt −> IO ( )

f o r e i g n import c c a l l unsa fe ” l d f r e xp ” l d f r e xp : : Ptr LongDouble −> Ptr ⤦
Ç LongDouble −> Ptr CInt −> IO ( )

f o r e i g n import c c a l l unsa fe ” l d p i ” l d p i : : Ptr LongDouble −> IO ( )

9 i386/Numeric/LongDouble.hs

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− |
−− Module : Numeric . LongDouble
−− Copyright : (C) 2018 Claude Heiland −Allen

5 −− License : BSD3
−− Maintainer : Claude Heiland −Allen <claude@mathr . co . uk>
−− S t a b i l i t y : exper imenta l
−− Po r t ab i l i t y : non−por tab l e
−−

10 −− This module re −export s the d e f au l t platform − s p e c f i c ABI f o r C’ s long double .
module Numeric . LongDouble ( module Numeric . LongDouble . X87 96 ) where

import Numeric . LongDouble . X87 96
( LongDouble ( )

15 , t runcate ’ , round ’ , c e i l i n g ’ , f l o o r ’
, fromDouble , toDouble , fromInt , t o In t
)

10 LICENSE

Copyright ( c ) 2018 , 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

13
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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.

11 long-double.cabal

name : long −double
ve r s i on : 0 . 1
synops i s : FFI b ind ings f o r C long double
d e s c r i p t i o n :

5 This package prov ides a LongDouble type , be ing 80 b i t s o f x87 data tak ing up
96 b i t s on i386 and 128 b i t s on x86 64 . On arm i t i s an a l i a s f o r 64 b i t double .
I t does not prov ide a CLDouble type usab le f o r FFI without wrapping in Ptr ,
t h i s needs to be done by the compi le r .
See <https : // ghc . h a s k e l l . org / t ra c /ghc/ t i c k e t /3353>.

10

homepage : https : // code . mathr . co . uk/ long −double
l i c e n s e : BSD3
l i c e n s e − f i l e : LICENSE
author : Claude Heiland −Allen

15 mainta iner : claude@mathr . co . uk
copyr ight : ( c ) 2018 Claude Heiland −Allen
category : Math
bui ld −type : Simple
extra −source − f i l e s :

20 ChangeLog .md
i386 /Numeric/LongDouble . hs
x86 64 /Numeric/LongDouble . hs
arm/Numeric/LongDouble . hs
hs/Numeric/LongDouble/ARM 64 . hs

25 hs/Numeric/LongDouble/X87 . hs
hs/Numeric/LongDouble/X87 96 . hs
hs/Numeric/LongDouble/X87 128 . hs

cabal −ve r s i on : >=1.10
30

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/ long −double . g i t

35 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/ long −double . g i t
tag : long −double −0.1

40 l i b r a r y
exposed−modules :

Numeric . LongDouble
bui ld −depends :

base >=4.6 && <4.14 ,
45 i n t ege r −gmp >=0.5 && <1.1

c− s ou r c e s : c/ longdouble . c

14
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hs−source −d i r s : hs
i f arch ( i386 )

hs−source −d i r s : i 386
50 other −modules : Numeric . LongDouble . X87 96

e l s e
i f arch ( x86 64 )

hs−source −d i r s : x86 64
other −modules : Numeric . LongDouble . X87 128

55 e l s e
i f arch (arm)

hs−source −d i r s : arm
other −modules : Numeric . LongDouble .ARM 64

e l s e
60 bu i l dab l e : Fa l se

de fau l t − language : Haske l l2010
other − ex t en s i on s :

CPP,
Fore ignFunct ionInte r face ,

65 General izedNewtypeDeriving ,
MagicHash

12 Setup.hs

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

13 x86 64/Numeric/LongDouble.hs

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− |
−− Module : Numeric . LongDouble
−− Copyright : (C) 2018 Claude Heiland −Allen

5 −− License : BSD3
−− Maintainer : Claude Heiland −Allen <claude@mathr . co . uk>
−− S t a b i l i t y : exper imenta l
−− Po r t ab i l i t y : non−por tab l e
−−

10 −− This module re −export s the d e f au l t platform − s p e c f i c ABI f o r C’ s long double .
module Numeric . LongDouble ( module Numeric . LongDouble . X87 128 ) where

import Numeric . LongDouble . X87 128
( LongDouble ( )

15 , t runcate ’ , round ’ , c e i l i n g ’ , f l o o r ’
, fromDouble , toDouble , fromInt , t o In t
)

15


