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1 complex-generic.cabal

name : complex−g ene r i c
v e r s i on : 0 . 1 . 1 . 1
synops i s : complex numbers with non−mandatory RealFloat
d e s c r i p t i o n :

5 The base package ’ s ’Data . Complex ’ has a ’ RealFloat ’ requirement f o r
almost a l l operat ions , which r u l e s out uses such as ’Complex Rational ’
or ’Complex Integer ’ . This package prov ide s an a l t e r na t i v e , putt ing
most ope ra t i on s in to add i t i o na l type c l a s s e s . Generating i n s t an c e s
with template h a s k e l l he lp s reduce e x c e s s i v e b o i l e r p l a t e and avo ids

10 i n s t ance over lap .

homepage : https : // code . mathr . co . uk/complex−g ene r i c
l i c e n s e : BSD3
l i c e n s e − f i l e : LICENSE

15 author : Claude Heiland −Allen
mainta iner : claude@mathr . co . uk
category : Math
bui ld −type : Simple
cabal −ve r s i on : >=1.8

20

l i b r a r y
exposed−modules :

Data . Complex . Generic ,
Data . Complex . Generic . Default ,

25 Data . Complex . Generic .TH,
Data . Complex . Generic . Class

bui ld −depends :
base < 4 . 14 ,
template −ha s k e l l < 2 .16

30

source − r e po s i t o r y head
type : g i t
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complex-generic Data/Complex/Generic/Class.hs

l o c a t i o n : https : // code . mathr . co . uk/complex−g ene r i c . 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/complex−g ene r i c . g i t
tag : v0 . 1 . 1 . 1

2 Data/Complex/Generic/Class.hs

{−# LANGUAGE MultiParamTypeClasses , Funct ionalDependencies #−}
{− |
Module : Data . Complex . Generic . Class
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 : MultiParamTypeClasses , Funct ionalDependencies

10

Cla s s e s f o r complex number ope ra t i on s .
−}
module Data . Complex . Generic . Class where

15 −− | Rectangular form .
c l a s s ComplexRect c r | c −> r where
−− | Construct ion .
mkRect : : r {− ˆ r e a l −} −> r {− ˆ imaginary −} −> c
−− | Construct ion with imagPart 0 .

20 r e a l : : r {− ˆ r e a l −} −> c
−− | Construct ion with r ea lPar t 0 .
imag : : r {− ˆ imaginary −} −> c
−− | Deconstruct ion .
r e c t : : c −> ( r , r )

25 −− | Get the r e a l part .
r e a lPa r t : : c −> r
−− | Get the imaginary part .
imagPart : : c −> r
−− | Conjugation .

30 conjugate : : c −> c
−− | Squared magnitude .
magnitudeSquared : : c −> r
−− | Complex square .
sqr : : c −> c

35 −− | Real−complex mu l t i p l i c a t i o n .
( . ∗ ) : : r −> c −> c
i n f i x l 7 .∗
−− | Complex− r e a l mu l t i p l i c a t i o n .
( ∗ . ) : : c −> r −> c

40 i n f i x l 7 ∗ .

−− | Complex− r e a l d i v i s i o n .
( / . ) : : ( F rac t i ona l r , ComplexRect c r ) => c −> r −> c
z / . a = z ∗ . r e c i p a

45 i n f i x l 6 / .

−− | A synonym f o r ’mkRect ’ .
( .+) : : ComplexRect c r => r −> r −> c

3
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( .+) = mkRect
50 i n f i x 6 .+

−− | Polar form .
c l a s s ComplexPolar c r | c −> r where
−− Construct ion .

55 mkPolar : : r −> r −> c
−− Construct ion with magnitude 1 .
c i s : : r −> c
−− Deconstruct ion .
po la r : : c −> ( r , r )

60 −− | Magnitude .
magnitude : : c −> r
−− | Phase in (−pi , p i ] .
phase : : c −> r

3 Data/Complex/Generic/Default.hs

{− |
Module : Data . Complex . Generic . De fau l t
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 : MultiParamTypeClasses

10 Defau l t implementat ions o f complex number ope ra t i on s .
−}
{− heav i l y based on :
−− Module : Data . Complex
−− Copyright : ( c ) The Un ive r s i ty o f Glasgow 2001

15 −− License : BSD− s t y l e ( s ee the f i l e l i b r a r i e s / base /LICENSE)
−− http :// hackage . h a s k e l l . org /packages / a r ch ive /base / 4 . 5 . 0 . 0 / doc/html/ s r c /Data−⤦

Ç Complex . html
−−}

module Data . Complex . Generic . Defau l t where
20

import Data . Complex . Generic . Class

r e a lDe f au l t : : (Num r , ComplexRect c r ) => r −> c
r e a lDe f au l t r = r .+ 0

25

imagDefault : : (Num r , ComplexRect c r ) => r −> c
imagDefault i = 0 .+ i

r e c tDe f au l t : : ComplexRect c r => c −> ( r , r )
30 r e c tDe f au l t c = ( r ea lPa r t c , imagPart c )

r ea lPa r tDe f au l t : : ComplexRect c r => c −> r
r ea lPa r tDe f au l t = f s t . r e c t

35 imagPartDefault : : ComplexRect c r => c −> r
imagPartDefault = snd . r e c t

con jugateDe fau l t : : (Num r , ComplexRect c r ) => c −> c
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con jugateDe fau l t c =
40 l e t (x , y ) = r e c t c

in x .+ negate y

magnitudeSquaredDefault : : (Num r , ComplexRect c r ) => c −> r
magnitudeSquaredDefault c =

45 l e t (x , y ) = r e c t c
in x ∗ x + y ∗ y

sqrDe fau l t : : (Num r , ComplexRect c r ) => c −> c
sq rDe fau l t z =

50 l e t (x , y ) = r e c t z
xy = x ∗ y

in (x + y) ∗ ( x − y ) .+ ( xy + xy )

sqrDefaultRF : : ( RealFloat r , ComplexRect c r ) => c −> c
55 sqrDefaultRF z =

l e t (x , y ) = r e c t z
in (x + y) ∗ ( x − y ) .+ s c a l eF l o a t 1 (x ∗ y ) −− FIXME assumes binary

rmulDefault : : (Num r , ComplexRect c r ) => r −> c −> c
60 rmulDefault a z =

l e t (x , y ) = r e c t z
in ( a ∗ x ) .+ ( a ∗ y )

mulrDefault : : (Num r , ComplexRect c r ) => c −> r −> c
65 mulrDefault z a =

l e t (x , y ) = r e c t z
in (x ∗ a ) .+ (y ∗ a )

mkPolarDefault : : ( F loat ing r , ComplexRect c r ) => r −> r −> c
70 mkPolarDefault r theta = r ∗ cos theta .+ r ∗ s i n theta

c i sDe f au l t : : ( F loat ing r , ComplexRect c r ) => r −> c
c i sDe f au l t theta = cos theta .+ s i n theta

75 po la rDe fau l t : : ( ComplexPolar c r ) => c −> ( r , r )
po l a rDe fau l t c = (magnitude c , phase c )

magnitudeDefault : : ( F loat ing r , ComplexRect c r ) => c −> r
magnitudeDefault = sq r t . magnitudeSquared

80

magnitudeDefaultRF : : ( RealFloat r , ComplexRect c r ) => c −> r
magnitudeDefaultRF w =

l e t (x , y ) = r e c t w
k = max ( exponent x ) ( exponent y )

85 mk = − k
sqr z = z ∗ z

in s c a l eF l o a t k ( sq r t ( sqr ( s c a l eF l o a t mk x) + sqr ( s c a l eF l o a t mk y ) ) )

phaseDefault : : (Ord r , F loat ing r , ComplexRect c r ) => c −> r
90 phaseDefault c

| x > 0 = atan (y/x )
| x == 0 && y > 0 = pi /2
| x < 0 && y > 0 = pi + atan (y/x )
| x <= 0 && y < 0 = −phaseDefault ( conjugate c )

95 | y == 0 && x < 0 = pi −− must be a f t e r the prev ious t e s t on zero y
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complex-generic Data/Complex/Generic/Default.hs

| x==0 && y==0 = y −− must be a f t e r the other double zero t e s t s
| otherwi s e = x + y −− x or y i s a NaN, re turn a NaN ( v ia +)
where

x = rea lPa r t c
100 y = imagPart c

phaseDefaultRF : : ( RealFloat r , ComplexRect c r ) => c −> r
phaseDefaultRF c = case ( r ea lPa r t c , imagPart c ) o f

(0 , 0) −> 0
105 (x , y ) −> atan2 y x

addDefault : : (Num r , ComplexRect c r ) => c −> c −> c
addDefault z w =

l e t (x , y ) = r e c t z
110 (x ’ , y ’ ) = r e c t w

in (x+x ’ ) .+ (y+y ’ )

subDefault : : (Num r , ComplexRect c r ) => c −> c −> c
subDefault z w =

115 l e t (x , y ) = r e c t z
(x ’ , y ’ ) = r e c t w

in (x−x ’ ) .+ (y−y ’ )

mulDefault : : (Num r , ComplexRect c r ) => c −> c −> c
120 mulDefault z w =

l e t (x , y ) = r e c t z
(x ’ , y ’ ) = r e c t w

in (x∗x ’−y∗y ’ ) .+ (x∗y’+y∗x ’ )

125 negateDefau l t : : (Num r , ComplexRect c r ) => c −> c
negateDefau l t z =

l e t (x , y ) = r e c t z
in negate x .+ negate y

130 absDefau l t : : (Num r , ComplexRect c r , ComplexPolar c r ) => c −> c
absDefau l t = r e a l . magnitude

signumDefault : : (Eq r , F rac t i ona l r , ComplexRect c r , ComplexPolar c r ) => c −>⤦
Ç c

signumDefault z = case r e c t z o f
135 (0 , 0) −> 0 .+ 0

(x , y ) −> x/ r .+ y/ r
where r = magnitude z

f romIntege rDe fau l t : : (Num r , ComplexRect c r ) => I n t eg e r −> c
140 f r omIntege rDe fau l t = r e a l . f romInteger

d ivDe fau l t : : ( F rac t i ona l r , ComplexRect c r ) => c −> c −> c
d ivDe fau l t z w =

l e t (x , y ) = r e c t z
145 (x ’ , y ’ ) = r e c t w

d = x ’∗ x ’ + y ’∗ y ’
in ( x∗x’+y∗y ’ ) / d .+ (y∗x ’−x∗y ’ ) / d

divDefaultRF : : ( RealFloat r , ComplexRect c r ) => c −> c −> c
150 divDefaultRF z w =

l e t (x , y ) = r e c t z
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complex-generic Data/Complex/Generic/Default.hs

(x ’ , y ’ ) = r e c t w
x ’ ’ = s c a l eF l o a t k x ’
y ’ ’ = s c a l eF l o a t k y ’

155 k = max ( exponent x ’ ) ( exponent y ’ )
d = x ’∗ x ’ ’ + y ’∗ y ’ ’

in ( x∗x ’ ’+y∗y ’ ’ ) / d .+ (y∗x ’ ’ −x∗y ’ ’ ) / d

f romRat iona lDefau l t : : ( F ra c t i ona l r , ComplexRect c r ) => Rat iona l −> c
160 f romRat iona lDefau l t = r e a l . f romRational

p iDe fau l t : : ( F loat ing r , ComplexRect c r ) => c
p iDe fau l t = r e a l p i

165 expDefault : : ( F loat ing r , ComplexRect c r ) => c −> c
expDefault z =

l e t (x , y ) = r e c t z
expx = exp x

in expx ∗ cos y .+ expx ∗ s i n y
170

l o gDe fau l t : : ( F loat ing r , ComplexRect c r , ComplexPolar c r ) => c −> c
l ogDe fau l t z = log (magnitude z ) .+ phase z

sq r tDe f au l t : : (Eq r , Ord r , F loat ing r , ComplexRect c r , ComplexPolar c r ) => c⤦
Ç −> c

175 sq r tDe f au l t z = case r e c t z o f
(0 , 0) −> 0 .+ 0
(x , y ) −>

l e t (u , v ) = i f x < 0 then (v ’ , u ’ ) e l s e (u ’ , v ’ )
v ’ = abs y / (u ’∗2 )

180 u ’ = sq r t ( ( magnitude z + abs x ) / 2)
in u .+ ( i f y < 0 then −v e l s e v )

s i nDe f au l t : : ( F loat ing r , ComplexRect c r ) => c −> c
s i nDe f au l t z =

185 l e t (x , y ) = r e c t z
in s i n x ∗ cosh y .+ cos x ∗ s inh y

cosDe fau l t : : ( F loat ing r , ComplexRect c r ) => c −> c
cosDe fau l t z =

190 l e t (x , y ) = r e c t z
in cos x ∗ cosh y .+ (− s i n x ∗ s inh y )

tanDefau l t : : ( F loat ing r , F ra c t i ona l c , ComplexRect c r ) => c −> c
tanDefau l t z =

195 l e t (x , y ) = r e c t z
s inx = s i n x
cosx = cos x
s inhy = s inh y
coshy = cosh y

200 in ( s inx ∗ coshy .+ cosx ∗ s inhy ) /( cosx ∗ coshy .+(− s inx ∗ s inhy ) )

s inhDe fau l t : : ( F loat ing r , ComplexRect c r ) => c −> c
s inhDe fau l t z =

l e t (x , y ) = r e c t z
205 in cos y ∗ s inh x .+ s i n y ∗ cosh x

coshDefau l t : : ( F loat ing r , ComplexRect c r ) => c −> c

7
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coshDefau l t z =
l e t (x , y ) = r e c t z

210 in cos y ∗ cosh x .+ s i n y ∗ s inh x

tanhDefault : : ( F loat ing r , F loat ing c , ComplexRect c r ) => c −> c
tanhDefault z =

l e t (x , y ) = r e c t z
215 s iny = s i n y

cosy = cos y
s inhx = s inh x
coshx = cosh x

in ( cosy ∗ s inhx .+ s iny ∗ coshx ) /( cosy ∗ coshx .+ s iny ∗ s inhx )
220

a s inDe fau l t : : (Num r , F loat ing c , ComplexRect c r ) => c −> c
a s inDe fau l t z =

l e t (x , y ) = r e c t z
(x ’ , y ’ ) = r e c t $ l og ((( −y ) .+x ) + sq r t (1 − z∗z ) )

225 in y ’.+( −x ’ )

acosDe fau l t : : (Num r , F loat ing c , ComplexRect c r ) => c −> c
acosDe fau l t z =

l e t (x ’ ’ , y ’ ’ ) = r e c t $ l og ( z + ((−y ’ ) .+x ’ ) )
230 (x ’ , y ’ ) = r e c t $ s q r t (1 − z∗z )

in y ’ ’ .+( −x ’ ’ )

atanDefau l t : : (Num r , F loat ing c , ComplexRect c r ) => c −> c
atanDefau l t z =

235 l e t (x , y ) = r e c t z
(x ’ , y ’ ) = r e c t $ l og (((1 −y ) .+x ) / sq r t (1+z∗z ) )

in y ’.+( −x ’ )

a s inhDe fau l t : : ( F loat ing c , ComplexRect c r ) => c −> c
240 as inhDe fau l t z = log ( z + sq r t (1+z∗z ) )

acoshDefau l t : : ( F loat ing c , ComplexRect c r ) => c −> c
acoshDefau l t z = log ( z + ( z+1) ∗ s q r t ( ( z −1) /( z+1) ) )

245 atanhDefault : : ( F loat ing c , ComplexRect c r ) => c −> c
atanhDefault z = 0 .5 ∗ l og ((1.0+ z ) / (1.0 − z ) )

4 Data/Complex/Generic.hs

{−# LANGUAGE DeriveDataTypeable , TemplateHaskel l , MultiParamTypeClasses , ⤦
Ç F l e x i b l e I n s t an c e s #−}

{− |
Module : Data . Complex . Generic
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 : DeriveDataTypeable , TemplateHaskell , MultiParamTypeClasses , ⤦

Ç F l e x i b l e I n s t an c e s
10

Complex numbers .
−}
module Data . Complex . Generic

8



complex-generic Data/Complex/Generic.hs

( module Data . Complex . Gener ic . Class
15 , Complex ( ( :+) )

, toDataComplex
, fromDataComplex
) where

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

import Fore ign .C (CFloat , CDouble )
import Data . Int

25 import Data .Word
import Data . Fixed
import Data . Ratio

import q u a l i f i e d Data . Complex as X
30

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

35 −− | Complex numbers in r e c t angu l a r form .
data Complex a = ! a :+ ! a

de r i v i ng (Eq , Show , Read , Data , Typeable )
i n f i x 6 :+

40 −− | Convert to ’Data . Complex . Complex ’ .
toDataComplex : : Complex r −> X. Complex r
toDataComplex (x :+ y) = x X. :+ y

−− | Convert from ’Data . Complex . Complex ’ .
45 fromDataComplex : : X. Complex r −> Complex r

fromDataComplex (x X. :+ y ) = x :+ y

in s t ance Functor Complex where
fmap f ( x :+ y ) = f x :+ f y

50

mk : : a −> a −> Complex a
{− needed because o f t h i s bug ( ? ) in TemplateHaskel l

I l l e g a l v a r i ab l e name : ‘ :+ ’
When s p l i c i n g a TH de c l a r a t i on

55 −}
mk = (:+)

toPa i r : : Complex a −> ( a , a )
toPa i r ( x :+ y ) = (x , y )

60

deriveComplexRF ’ ’ Complex ’ ’ Float ’mk ’ toPa i r
deriveComplexRF ’ ’ Complex ’ ’ Double ’mk ’ toPa i r
deriveComplexRF ’ ’ Complex ’ ’ CFloat ’mk ’ toPa i r
deriveComplexRF ’ ’ Complex ’ ’ CDouble ’mk ’ toPa i r

65

deriveComplexN ’ ’ Complex ’ ’ I n t eg e r ’mk ’ toPa i r
deriveComplexN ’ ’ Complex ’ ’ Int ’mk ’ toPa i r
deriveComplexN ’ ’ Complex ’ ’ Int8 ’mk ’ toPa i r
deriveComplexN ’ ’ Complex ’ ’ Int16 ’mk ’ toPa i r

70 deriveComplexN ’ ’ Complex ’ ’ Int32 ’mk ’ toPa i r

9
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deriveComplexN ’ ’ Complex ’ ’ Int64 ’mk ’ toPa i r
deriveComplexN ’ ’ Complex ’ ’Word ’mk ’ toPa i r
deriveComplexN ’ ’ Complex ’ ’Word8 ’mk ’ toPa i r
deriveComplexN ’ ’ Complex ’ ’Word16 ’mk ’ toPa i r

75 deriveComplexN ’ ’ Complex ’ ’Word32 ’mk ’ toPa i r
deriveComplexN ’ ’ Complex ’ ’Word64 ’mk ’ toPa i r
{−
deriveComplex1F ’ ’ Complex ’ ’ HasResolut ion ’ ’ Fixed ’mk ’ toPa i r
deriveComplex1F ’ ’ Complex ’ ’ I n t e g r a l ’ ’ Ratio ’mk ’ toPa i r

80 −}

i n s t ance HasResolut ion t => ComplexRect (Complex ( Fixed t ) ) ( Fixed t ) where
mkRect = (:+)
r e c t ( x :+ y ) = (x , y )

85 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

90 magnitudeSquared = magnitudeSquaredDefault
sqr = sqrDe fau l t
( . ∗ ) = rmulDefault
( ∗ . ) = mulrDefault

95 i n s t ance HasResolut ion t => Num (Complex ( Fixed t ) ) where
(+) = addDefault
(−) = subDefault
(∗ ) = mulDefault
negate = negateDefau l t

100 f romInteger = f romIntege rDe fau l t
abs = e r r o r $ ”Num. abs : not implementable f o r Complex Fixed”
signum = e r r o r $ ”Num. signum : not implementable f o r Complex Fixed”

in s t ance HasResolut ion t => Frac t i ona l (Complex ( Fixed t ) ) where
105 (/ ) = divDe fau l t

fromRational = fromRat iona lDefau l t

i n s t ance I n t e g r a l t => ComplexRect (Complex ( Ratio t ) ) ( Ratio t ) where
mkRect = (:+)

110 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
imagPart = imagPartDefault

115 conjugate = con jugateDe fau l t
magnitudeSquared = magnitudeSquaredDefault
sqr = sqrDe fau l t
( . ∗ ) = rmulDefault
( ∗ . ) = mulrDefault

120

i n s t ance I n t e g r a l t => Num (Complex ( Ratio t ) ) where
(+) = addDefault
(−) = subDefault
(∗ ) = mulDefault

125 negate = negateDefau l t
f romInteger = f romIntege rDe fau l t
abs = e r r o r $ ”Num. abs : not implementable f o r Complex Ratio ”

10
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signum = e r r o r $ ”Num. signum : not implementable f o r Complex Ratio ”

130 i n s t ance I n t e g r a l t => Frac t i ona l (Complex ( Ratio t ) ) where
(/ ) = divDe fau l t
fromRational = fromRat iona lDefau l t

5 Data/Complex/Generic/TH.hs

{−# LANGUAGE TemplateHaskell , MultiParamTypeClasses , F l e x i b l e I n s t anc e s , ⤦
Ç Undec idab le Ins tances #−}

{− |
Module : Data . Complex . Generic .TH
Copyright : ( c ) Claude Heiland −Allen 2012 ,2017

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 : TemplateHaskell , MultiParamTypeClasses , F l e x i b l e I n s t an c e s , ⤦

Ç Undec idab le Ins tances
10

Derive i n s t an c e s f o r complex numbers us ing template h a s k e l l .
−}
module Data . Complex . Generic .TH where

15 import Data . Typeable ( typeOf , typeOf1 )
import Language . Haske l l .TH

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

20

−− | Derive i n s t an c e s f o r ’ RealFloat ’ types .
deriveComplexRF : : Name {− ˆ complex type −} −> Name {− ˆ r e a l type −} −> Name ⤦

Ç {− ˆ cons t ruc to r −} −> Name {− ˆ de s t ru c t o r −} −> Q [ Dec ]
deriveComplexRF cTy ’ rTy ’ mkRectI ’ r e c t I ’ = [ d |

i n s t ance ComplexRect ( $ ( cTy) $ ( rTy ) ) $ ( rTy ) where
25 mkRect = $ (mkRectI )

r e c t = $ ( r e c t I )
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

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

35 ( ∗ . ) = mulrDefault

i n s t ance ComplexPolar ( $ ( cTy) $ ( rTy ) ) $ ( rTy ) where
mkPolar = mkPolarDefault
c i s = c i sDe f au l t

40 po la r = po la rDe fau l t
magnitude = magnitudeDefaultRF
phase = phaseDefaultRF

in s t ance Num ( $ ( cTy) $ ( rTy ) ) where
45 (+) = addDefault

(−) = subDefault

11
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(∗ ) = mulDefault
negate = negateDefau l t
f romInteger = f romIntege rDe fau l t

50 abs = absDefau l t
signum = signumDefault

i n s t ance Frac t i ona l ( $ ( cTy) $ ( rTy ) ) where
(/ ) = divDefaultRF

55 f romRational = fromRat iona lDefau l t

i n s t ance F loat ing ( $ ( cTy) $ ( rTy ) ) where
p i = p iDe fau l t
exp = expDefault

60 l og = logDe fau l t
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

65 s inh = s inhDe fau l t
cosh = coshDefau l t
tanh = tanhDefault
a s in = as inDe fau l t
acos = acosDe fau l t

70 atan = atanDefau l t
as inh = as inhDe fau l t
acosh = acoshDefau l t
atanh = atanhDefault

| ]
75 where

cTy = conT cTy ’
rTy = conT rTy ’
mkRectI = varE mkRectI ’
r e c t I = varE re c t I ’

80

−− | Derive i n s t an c e s f o r ’ Float ing ’ types .
deriveComplexF : : Name {− ˆ complex type −} −> Name {− ˆ r e a l type −} −> Name {−⤦

Ç ˆ cons t ruc to r −} −> Name {− ˆ de s t ru c t o r −} −> Q [ Dec ]
deriveComplexF cTy ’ rTy ’ mkRectI ’ r e c t I ’ = [ d |

i n s t ance ComplexRect ( $ ( cTy) $ ( rTy ) ) $ ( rTy ) where
85 mkRect = $ (mkRectI )

r e c t = $ ( r e c t I )
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

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

95 ( ∗ . ) = mulrDefault

i n s t ance ComplexPolar ( $ ( cTy) $ ( rTy ) ) $ ( rTy ) where
mkPolar = mkPolarDefault
c i s = c i sDe f au l t

100 po la r = po la rDe fau l t
magnitude = magnitudeDefault
phase = phaseDefault

12
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i n s t ance Num ( $ ( cTy) $ ( rTy ) ) where
105 (+) = addDefault

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

110 abs = absDefau l t
signum = signumDefault

i n s t ance Frac t i ona l ( $ ( cTy) $ ( rTy ) ) where
(/ ) = divDe fau l t

115 f romRational = fromRat iona lDefau l t

i n s t ance F loat ing ( $ ( cTy) $ ( rTy ) ) where
p i = p iDe fau l t
exp = expDefault

120 l og = logDe fau l t
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

125 s inh = s inhDe fau l t
cosh = coshDefau l t
tanh = tanhDefault
a s in = as inDe fau l t
acos = acosDe fau l t

130 atan = atanDefau l t
as inh = as inhDe fau l t
acosh = acoshDefau l t
atanh = atanhDefault

| ]
135 where

cTy = conT cTy ’
rTy = conT rTy ’
mkRectI = varE mkRectI ’
r e c t I = varE re c t I ’

140

−− | Derive i n s t an c e s f o r ’Num’ types .
deriveComplexN : : Name {− ˆ complex type −} −> Name {− ˆ r e a l type −} −> Name {−⤦

Ç ˆ cons t ruc to r −} −> Name {− ˆ de s t ru c t o r −} −> Q [ Dec ]
deriveComplexN cTy ’ rTy ’ mkRectI ’ r e c t I ’ = [ d |

i n s t ance ComplexRect ( $ ( cTy) $ ( rTy ) ) $ ( rTy ) where
145 mkRect = $ (mkRectI )

r e c t = $ ( r e c t I )
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

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

155 ( ∗ . ) = mulrDefault

i n s t ance Num ( $ ( cTy) $ ( rTy ) ) where
(+) = addDefault

13
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(−) = subDefault
160 (∗ ) = mulDefault

negate = negateDefau l t
f romInteger = f romIntege rDe fau l t
abs = e r r o r $ ”Num. abs : not implementable f o r ” ++ show ( typeOf ( undef ined⤦

Ç : : ( $ ( cTy) $ ( rTy ) ) ) )
signum = e r r o r $ ”Num. signum : not implementable f o r ” ++ show ( typeOf (⤦

Ç undef ined : : ( $ ( cTy) $ ( rTy ) ) ) )
165

| ]
where

cTy = conT cTy ’
rTy = conT rTy ’

170 mkRectI = varE mkRectI ’
r e c t I = varE re c t I ’

{−
−− | Derive i n s t an c e s f o r ’ Fract iona l ’ types with one c l a s s c on s t r a i n t .

175 deriveComplex1F : : Name {− ˆ complex type −} −> Name {− ˆ c on s t r a i n t c l a s s −} −>⤦
Ç Name {− ˆ r e a l type con s t ruc to r −} −> Name {− ˆ cons t ruc to r −} −> Name {−⤦
Ç ˆ de s t ru c t o r −} −> Q [ Dec ]

deriveComplex1F cTy ’ sTy ’ rTy ’ mkRectI ’ r e c t I ’ = do
t ’ <− newName ” t ”
l e t t = varT t ’
c <− c l a s sP sTy ’ [ t ]

180 i s <− [ d |
i n s t ance ComplexRect ( $ ( cTy) ( $ ( rTy ) $ ( t ) ) ) ( $ ( rTy ) $ ( t ) ) where

mkRect = $ (mkRectI )
r e c t = $ ( r e c t I )
r e a l = r e a lDe f au l t

185 imag = imagDefault
r ea lPa r t = rea lPa r tDe f au l t
imagPart = imagPartDefault
conjugate = con jugateDe fau l t
magnitudeSquared = magnitudeSquaredDefault

190 sqr = sqrDe fau l t
( . ∗ ) = rmulDefault
( ∗ . ) = mulrDefault

i n s t ance Num ( $ ( cTy) ( $ ( rTy ) $ ( t ) ) ) where
195 (+) = addDefault

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

200 abs = e r r o r $ ”Num. abs : not implementable f o r ” ++ show ( typeOf1 (⤦
Ç undef ined : : $ ( cTy) ( ( $ ( rTy ) $ ( t ) ) ) ) ) ++ ” ” ++ show ( typeOf1 (⤦
Ç undef ined : : $ ( rTy ) $ ( t ) ) )

signum = e r r o r $ ”Num. signum : not implementable f o r ” ++ show ( typeOf1 (⤦
Ç undef ined : : $ ( cTy) ( ( $ ( rTy ) $ ( t ) ) ) ) ) ++ ” ” ++ show ( typeOf1 (⤦
Ç undef ined : : $ ( rTy ) $ ( t ) ) )

i n s t ance Frac t i ona l ( $ ( cTy) ( $ ( rTy ) $ ( t ) ) ) where
(/ ) = divDe fau l t

205 f romRational = fromRat iona lDefau l t
| ]

r e turn (map (\ ( InstanceD ty decs ) −> InstanceD [ c ] ty decs ) i s )

14
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where
cTy = conT cTy ’

210 sTy = conT sTy ’
rTy = conT rTy ’
mkRectI = varE mkRectI ’
r e c t I = varE r e c t I ’

−}

6 .gitignore

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

7 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 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.

8 Setup.hs

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