Lecture 4: More Parser Combinators
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ap: Parser Combinators

type Parser a = String -> [(a,String)]
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Recap: Parser Combinators

type Parser a = String -> [(a,String)]

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth
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Recap: Parser Combinators

type Parser a = String -> [(a,String)]

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

<$> :: (a -=> b) -> Parser a —-> Parser b

<*> :: Parser (a -> b) -> Parser a -> Parser b
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Recap: Parser Combinators

type Parser a = String -> [(a,String)]

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

<$> (a -=> b) -> Parser a —-> Parser b

<x> :: Parser (a -> b) -> Parser a -> Parser b

$ (a => b) —> a —> b
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Recap: Parser Combinators

type Parser a = String -> [(a,String)]

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

<$> (a > b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b
$ (a => b) —> a —> b
parseDay :: Parser Int
parseMonth :: Parser Month
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seDay

parseDay :: Parser Int
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seDay

parseDay :: Parser Int

parseDay "15"
parseDay "2"
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seDay

parseDay :: Parser Int

parseDay "15"
parseDay "2"

parseDay "haha nope" x
parseDay " x
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seDay

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay

parseDay ::

Universiteit Utrecht

Parser Int

ll15"

II2||

"haha nope" )(
||'u x

II01I|
"00001"
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parseDay

parseDay ::

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay
parseDay

e
= b = Universiteit Utrecht
3 K\

Parser Int

ll15ll

ll2ll

"haha nope" ><
ll!ll x

"01“
"00001"

"The first of" ?
"—1“ 7

ll5000|| ?
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parseDay

parseDay ::

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay
parseDay

parseDay

e
= b = Universiteit Utrecht
3 K\

Parser Int

ll15ll

ll2ll

"haha nope" ><
ll!ll x

"01“
"00001"

"The first of" ?
"—1“ 7

ll5000|| ?
ll31|| ?
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parseDay

parseDay ::

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay
parseDay

parseDay

Parser Int
ll15ll

ll2ll

"haha nope" ><

g X

"01“
"00001"

"The first of" M

ll_lll x
ll5000||

ll31||

Sciences]

R/ [Faculty of Science
%ﬂ% Universiteit Utrecht Information and Computing
a 5



y not “31 Dec” [%4, “31 Feb” X ?

P> Better to parse then filter

[Faculty of Science
Information and Computing

Universiteit Utrecht B
Sciences]



y not “31 Dec” [%4, “31 Feb” X ?

P> Better to parse then filter

P Parser complexity =
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y not “31 Dec” (%4, “31 Feb” X ?

P> Better to parse then filter
P Parser complexity =
P Validator complexity =
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y not “31 Dec” (%4, “31 Feb” X ?

P> Better to parse then filter
P Parser complexity =
P Validator complexity =

P> Error massage quality
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Why not “31 Dec” [%4, “31 Feb” X ?

P> Better to parse then filter
P> Parser complexity
P Validator complexity <

P Error massage quality

P “29 Feb” ?
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Why not “31 Dec” [%4, “31 Feb” X ?

P> Better to parse then filter
P> Parser complexity
P Validator complexity <

P Error massage quality

P “29 Feb” ?

P W Dates are hard
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Why not “31 Dec” [%4, “31 Feb” X ?

P> Better to parse then filter
P> Parser complexity
P Validator complexity <

P Error massage quality

P “29 Feb” ?

P W Dates are hard
P codeblog jonskeet.uk,/2015/05/05/
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Why not “31 Dec” [%4, “31 Feb” X ?

P> Better to parse then filter
P> Parser complexity
P Validator complexity <

P Error massage quality

P “29 Feb” ?

P W Dates are hard

P codeblog jonskeet.uk,/2015/05/05/
P xkcd.com/1179/
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parseDay

parseDay ::

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay

parseDay
parseDay

Parser Int
ll15ll

non

"haha nope" ><

g X

"01“
"00001"

"The first of" M

T V¢

ll5000||
ll31||
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parseDay

parseDay :: Parser Int

parseDay "15"

parseDay "2"

parseDay "haha nope" x

parseDay "W " x

parseDay "O1"

parseDay "00001"

parseDay "The first of" x

parseDay "-1" x

parseDay "5000"

parseDay "31"

parseDay = parsePositivelnt
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sePositivelnt

parsePositivelInt :: Parser Int

parsePositivelnt "1"
parsePositiveInt "52"
parsePositiveInt "999999999" (4
parsePositiveInt "O1"
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parsePositivelnt

parsePositivelnt

parsePositiveInt
parsePositivelnt
parsePositiveInt
parsePositivelnt

parsePositivelnt
parsePositivelnt
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Parser Int
n 1II
Il52||
"'999999999"
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parsePositivelnt

parsePositiveInt :: Parser Int

parsePositiveInt "1"
parsePositiveInt "52"
parsePositiveInt "999999999"
parsePositiveInt "O1"

parsePositivelInt "O" x
parsePositiveInt "-3" x

parsePositivelInt "1el0" x
parsePositiveInt "OxB33F" x
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sePositiveInt implementation

parsePositivelInt :: Parser Int

parsePositivelnt = 777
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sePositiveInt implementation

parsePositivelInt :: Parser Int
parsePositivelnt = 777

type Parser a = String -> [(a,String)] -- reminder
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sePositiveInt implementation

parsePositivelInt :: String -> [(Int,String)]
parsePositivelnt = 777

type Parser a = String -> [(a,String)] -- reminder
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sePositiveInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositivelnt = 777
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sePositiveInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositivelInt input = 777
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parsePositivelnt implementation

parsePositiveInt :: String -> [(Int,String)]

parsePositiveInt input = 777
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parsePositivelnt implementation

parsePositiveInt :: String -> [(Int,String)]

parsePositiveInt input = 777
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sePositiveInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositivelInt input = 777

parsePositivelnt
("(921 April")
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parsePositivelInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositiveInt input = 777

parsePositivelnt
("021 April")

—— [(21," Alp|r|i 1")]

R/ [Faculty of Science
E 2 a S Information and Computing
& Universiteit Utrecht
12 ’

Sciences
I ]



parsePositivelInt implementation

parsePositivelInt ::

parsePositivelnt

¢

.......

0]

2

1
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1

—— [(21,"
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String -> [(Int,String)]
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parsePositivelInt implementation

parsePositivelInt :: String -> [(Int,String)]

narsePositivelnt
"lo|2(1 April")

021

v
—— [(21," Alp|r|i 1")]
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parsePositivelInt implementation

parsePositivelInt :: String -> [(Int,String)]

narsePositivelnt
"lo|2(1 April")

021

v
—— [(21," Alp|r|i 1")]
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parsePositivelInt implementation

parsePositivelInt ::

.......

parsePositivelnt

02

(II

1

A

P

r

1

@211

— [(21,"
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String -> [(Int,String)]
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parsePositivelInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositivelInt input = [(777, tail)]
where (numStr, tail) = 777 input

narsePositivelnt
"\021 Aprll")

[(21," Alplr|i 1")]
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parsePositivelInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositivelInt input = [(777, tail)]
where (numStr, tail) = span isDigit input

narsePositivelnt
"\@21 Aprll")

[(21," Alp|r|i 1")]
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Aside: how to guess

16

parsePositivelnt :: String -> [(Int,String)]

[(??7, tail)]
span isDigit input

parsePositivelInt input
where (numStr, tail)
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Aside: how to guess

17

parsePositivelnt :: String -> [(Int,String)]

parsePositiveInt input [(?77, tail)]

where (numStr, tail) = 777 input
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Aside: how to guess

18

parsePositivelnt :: String -> [(Int,String)]

[(?77, tail)]
7770 input

parsePositivelInt input
where (numStr, tail)

7779 :: String -> (String, String)
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Aside: how to guess

19

parsePositivelnt :: String -> [(Int,String)]

[(?77, tail)]
77?7, 777, input

parsePositivelInt input
where (numStr, tail)

777, :: (Char -> Bool) -> String -> (String, String)

7?77, :: (Char -> Bool)
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

[(?77, tail)]
77?7, 777, input

parsePositivelInt input
where (numStr, tail)

777, :: (Char -> Bool) -> String -> (String, String)

7?77, :: (Char -> Bool)

e ([ [etan

Hoog}\e |ar -> Bool) -> String -> (String,String| | set:stackage + |[ Search
Packages :: (Char -> Bool) -> String -> (String, String)

—isiexact ®

= basement # span :: (Char -> Bool) -> String -> (String, String)

= utf-string basement Basement.String

=ghc® ® Apply a the string to return the longs x tisfy the predi and the rem:

= ghc-lib-parser ®

spankEnd :: (Char -> Bool) -> String -> (String, String)

basement Basement.String
v the remaining

® Appiy a o the string to return the longest suffix that satisfy th
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

[(??7, tail)]
Basement.String.span 777, ing

parsePositivelInt input
where (numStr, tail)

Basement.String.span :: (Char -> Bool) -> String -> (;
7?77, :: (Char -> Bool)

e ([ [etan

Hoog}\e |ar -> Bool) -> String -> (String,String| | set:stackage v |[ Search |
Packages :: (Char -> Bool) -> String -> (String, String)

—isiexact ®

= basement # span :: (Char -> Bool) -> String -> (String, String)

= utf-string basement Basement.String

=ghc® ® Apply ring to return the longs x isfy the predi and the rem:

= ghc-lib-parser ®

spankEnd :: (Char -> Bool) -> String -> (String, String)

basement Basement.String

® Apply a 2 the string to return the longest SUFfix that satisfy th ¢ aining

<NV F. 1 f Scien
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

parsePositivelInt input
where (numStr, tail)

[(??7, tail)]
Basement.String.span 777, ing

Basement.String.span :: (Char -> Bool) -> String -> (;
7?77, :: (Char -> Bool)

e ([ [etan

HOOg}\e [span set:stackage ~ || Search |

Packages

span

—isiexact ®

=base #® span = (a -> Bool) -> [a] -> ([a], [a])

= hedgehog & base Prelude Data.List GHC.List GHC.OldList, hedgehog Hedgehog.Internal Prelude, ghc GHC.Prelude.Basic, base-compat
S ghc @ Prelude.Compat, relude Relude. List. Reexport

@ applied at tus, v where fir it is long x nbty) of X nents t isfy p an

= base-compat & inrter ne .

= relude &
Srio® span = (a -> Bool) -> NonEmpty a -> ([a], [a])
b PAba 1k MAn b bacn cameat Aabs § ik ManCom b Sammnnt rin BIA NanSmnb:
&‘W [Faculty of Science
N a o] rmati ) bing
A e Universiteit Utrecht Information and Computing

=hN= Sciences
2 "f%’“@' Sciences]



Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

parsePositivelnt input
where (numStr, tail)

[(??7, tail)]
span 777, input

span :: (a -> Bool) -> [a] -> ([al, [al)
777, :: (Char -> Bool)

e ([ [etan

HOOg}\e [span set:stackage ~ || Search |

Packages

span
—isiexact ®
=base #® span = (a -> Bool) -> [a] -> ([a], [a])
= hedgehog & base Prelude Data.List GHC.List GHC.OldList, hedgehog Hedgehog.Internal Prelude, ghc GHC.Prelude.Basic, base-compat
Sghc @ Prelude.Compat, relude Relude.List.Reexport
= base-compat & spplied to a predicate p and a ist xs. where fir it is long e thet caticty o 4
= relude &
Srio® span = (a -> Bool) -> NonEmpty a -> ([a], [a])
b PAba 1k MAn b bacn cameat Aabs § ik ManCom b Sammnnt rin BIA NanSmnb:
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

[(??7, tail)]
span 777, input

parsePositivelInt input
where (numStr, tail)

span :: (a -> Bool) -> [a] -> ([al, [al)

7?77, :: (Char -> Bool)
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

parsePositivelInt input = [(777, tail)]
where (numStr, tail) = span 777, input

span :: (a -> Bool) -> [a] -> ([al, [al)
7?77, :: (Char -> Bool)

e ([ [etan

Hoog}\e [Char -> Bool set:stackage +|[ Search |
Packages iz Char -> Bool
—isiexact ®
=base ® isControl :: Char -> Bool
= bytestring # base Data.Char GHC.Unicode
®s nt rs, which the ing -t the Latin-1 t
isSpace :: Char -> Bool
base Data.Char GHC.Unicode
® Ret T any Unic T he cont 4
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

parsePositivelnt input
where (numStr, tail)

[(??7, tail)]
span 777, input

span :: (a -> Bool) -> [a] -> ([al, [al)
777, :: (Char -> Bool)

e ([ [etan

HOOg}\e [isDigit set:stackage ~ || Search |

Packages

isDigit
—isiexact ®
= base® isDigit :: Char -> Bool
= protolude & base Data.Char GHC.Unicode, protolude Protolude, rio RIO.Char, base-prelude BasePrelude, Cabal-syntax
Sric® Distribution.Compat.Prelude, rebase Rebase.Prelude, hledger Hledger.Cli Script, unicode-data Unicode.Char.Numeric,

cabal-install-solver Distribution.Solver.Compat.Prelude

= base-prelude & e

= Cabal-syntax &

Sirebase ® isDigit :: Char -> Bool
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

parsePositivelnt input
where (numStr, tail)

[(??7, tail)]
span isDigit input

span :: (a -> Bool) -> [a] -> ([a], String)
isDigit :: (Char -> Bool)

e ([ [etan

HOOg}\e [isDigit set:stackage ~ || Search |

Packages

isDigit
—isiexact ®
= base® isDigit :: Char -> Bool
= protolude & base Data.Char GHC.Unicode, protolude Protolude, rio RIO.Char, base-prelude BasePrelude, Cabal-syntax
Sric® Distribution.Compat.Prelude, rebase Rebase.Prelude, hledger Hledger.Cli Script, unicode-data Unicode.Char.Numeric,

cabal-install-solver Distribution.Solver.Compat.Prelude

= base-prelude & e

= Cabal-syntax &

Sirebase ® isDigit :: Char -> Bool
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Aside: how to guess

parsePositivelnt :: String -> [(Int,String)]

parsePositivelInt input
where (numStr, tail)

[(??7, tail)]
span isDigit input

span :: (a -> Bool) -> [a] -> ([al, String)
isDigit :: (Char -> Bool)

&‘W% [Faculty of Science

A N = Universiteit Utrecht Information and Computing

%‘A§ Sciences]
22 )



parsePositivelInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositivelInt input = [(777, tail)]
where (numStr, tail) = span isDigit input

narsePositivelnt
"\@21 Aprll")

[(21," Alp|r|i 1")]
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parsePositivelInt implementation

parsePositivelInt :: String -> [(Int,String)]

parsePositivelInt input = [(777, tail)]
where (numStr, tail) = span isDigit input

narsePositivelnt

"o|2]1 Aprll")
0121 i

= [(21," Alp|r|i 1")]
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parsePositivelnt implementation

parsePositiveInt :: String -> [(Int,String)]

parsePositivelInt input = [(777, tail)]
where (numStr, tail) = span isDigit input

numStr :: String
7ee 88 Ihmg
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parsePositivelnt implementation

parsePositiveInt :: String -> [(Int,String)]

parsePositivelInt input = [(777, tail)]
where (numStr, tail) = span isDigit input

numStr :: String

?7?7 :: Int

read :: String —-> Int -- butlt-in
NV [Faculty of Science
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parsePositivelnt implementation

parsePositiveInt :: String -> [(Int,String)]

parsePositiveInt input = [(read numStr, tail)]
where (numStr, tail) = span isDigit input

numStr :: String
?7?7 :: Int
read :: String -> Int -- built-in
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parsePositivelnt implementation

parsePositiveInt :: String -> [(Int,String)]

[(read numStr, tail)]
span isDigit input

parsePositiveInt input
where (numStr, tail)

numStr :: String
?7?7 :: Int
read :: (Read a) => String -> a —- built-in
[Faculty of Science
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e: why not just read everything?

data Date = Date {day :: Int, month :: Month}
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e: why not just read everything?

data Date = Date {day :: Int, month :: Month}

deriving (Read)
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e: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)

s
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e: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)

read "Date {day = 31, month = October}" :: Date
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e: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)
read "Date {day = 31, month = October}" :: Date

== Date {day = 31, month = October}
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Aside: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)

read "Date {day = 31, month = Octoberl}" :: Date
== Date {day = 31, month = October}

read "Date {month = October, day = 31}" :: Date
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Aside: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)

read "Date {day = 31, month = Octoberl}" :: Date
== Date {day = 31, month = October}

read "Date {month = October, day = 31}" :: Date

*%* Exception: Prelude.read: no parse

[Faculty of Science
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Aside: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)

read "Date {day = 31, month = Octoberl}" :: Date
== Date {day = 31, month = October}

read "Date {month = October, day = 31}" :: Date
*%* Exception: Prelude.read: no parse

read "Date 31 October" :: Date
*%* Exception: Prelude.read: no parse
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Aside: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)

read "Date {day = 31, month = Octoberl}" :: Date
== Date {day = 31, month = October}

read "Date {month = October, day = 31}" :: Date
*%* Exception: Prelude.read: no parse

read "Date 31 October" :: Date
*%* Exception: Prelude.read: no parse

read "31 Oct" :: Date
*** Exception: Prelude.read: no parse
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Aside: why not just read everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)

read "Date {day = 31, month = Octoberl}" :: Date
== Date {day = 31, month = October}

read "Date {month = October, day = 31}" :: Date
*%* Exception: Prelude.read: no parse

read "Date 31 October" :: Date
*%* Exception: Prelude.read: no parse

read "31 Oct" :: Date
*** Exception: Prelude.read: no parse

readMaybe :: (Read a) => String -> Maybe a -- built—4

&V%_ [Faculty of Science
= N} é Universiteit Utrecht Information and CO{!]Pllﬁlllg
Sciences]

s N



Aside: why not just readMaybe everything?

data Date = Date {day :: Int, month :: Month}
deriving (Read)
read "Date {day=31, month=0ctober}" :: Date

== Just (Date {day = 31, month = October})

readMaybe "Date {month=0ctober, day=31}" :: Date
== Nothing

readMaybe "Date 31 October" :: Date
== Nothing

readMaybe "31 Oct" :: Date
== Nothing

readMaybe :: (Read a) => String -> Maybe a —- butlt-4

&‘V 3 [Faculty of Science
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e: why not just readMaybe everything?

# Try it out!
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e: why not just readMaybe everything?

# Try it out!

37 Beware its limits
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e: why not just readMaybe everything?

# Try it out!
37 Beware its limits

Exercise
P Implement readIntMaybe

Universiteit Utrecht

: String -> Maybe Int
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Aside: why not just readMaybe everything?

& Try it out!
3" Beware its limits

Exercise
P Implement readIntMaybe :: String -> Maybe Int
P no read or readMaybe

&‘W& [Faculty of Science
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Aside: why not just readMaybe everything?

& Try it out!
3" Beware its limits

Exercise
P Implement readIntMaybe :: String -> Maybe Int
P no read or readMaybe
P Hints:
P First write readCharMaybe :: Char -> Maybe Int
P> Char can be pattern-matched

&‘W% [Faculty of Science
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parsePositivelnt testing

31

parsePositiveInt :: Parser Int
parsePositiveInt input = [(read numStr, tail)]
where (numStr, tail) = span isDigit input
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parsePositivelnt testing

parsePositiveInt :: Parser Int
parsePositiveInt input = [(read numStr, tail)]
where (numStr, tail)

span isDigit input

parsePositiveInt "404" == [(404,"")] _J
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parsePositivelnt testing

parsePositiveInt :: Parser Int
parsePositiveInt input = [(read numStr, tail)]
where (numStr, tail) = span isDigit input

parsePositiveInt "404" == [(404,"")] _J
parsePositivelInt "1 April" == [(1," April")] ;ﬂ
§ W’% a o] Inforlu‘dti([‘fxaf}llllltgy(iins}iii?::
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parsePositivelnt testing

parsePositiveInt :: Parser Int
parsePositiveInt input = [(read numStr, tail)]
where (numStr, tail) = span isDigit input

parsePositiveInt "404" == [(404,"")] (4
parsePositiveInt "1 April" == [(1," April")] (4
parsePositiveInt "007" == [(7,"")] ;j
‘W '[Faculty f)f SCielilCe
§U% Universiteit Utrecht Information and (’(gil.i]::::ﬁ
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parsePositivelnt testing

parsePositiveInt :: Parser Int
parsePositiveInt input = [(read numStr, tail)]
where (numStr, tail) = span isDigit input

parsePositiveInt "404" == [(404,"")] (4
parsePositivelInt "1 April" == [(1," April")] ;j
parsePositiveInt "007" == [(7,"")] [4
parsePositiveInt "0" == [(0,"")] X
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parsePositivelnt testing

parseNat :: Parser Int

parseNat input =

[(read numStr, tail)]

where (numStr, tail) = span isDigit input

parsePositiveInt
parsePositiveInt
parsePositivelnt

parsePositiveInt

N
§U% Universiteit Utrecht
N

\

32

"404" == [(404,"")] (4

"1 April" == [(1," April")] (4
"007" == [(7,"")] (%

"0" == [(0,"] X
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parsePositivelnt testing

parseNat :: Parser Int
parseNat input = [(read numStr, tail)]
where (numStr, tail) = span isDigit input

parsePositivelInt "404" == [(404,"")]
parsePositiveInt "1 April" == [(1," April")]
parsePositiveInt "007" == [(7,"")]
parsePositiveInt "0" == [(0,"")] X

@v% Informat iL[)I:a Zl:;lrg yC(:)t; ns}():lile;,?:z

7 N} % Universiteit Utrecht
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fix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)]
where (numStr, tail) = span isDigit input
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

[Faculty of Science
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Hotfix: exclude 0

33

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard = 777

[Faculty of Science
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Hotfix: exclude 0

34

= Universiteit Utrecht
N

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser = 777
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Hotfix: exclude 0

35

= Universiteit Utrecht
N

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = 777
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Hotfix: exclude 0

36

= Universiteit Utrecht
N

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ 777 | 7?77 ]
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Hotfix: exclude 0

37

U% Universiteit Utrecht

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ 777
| 777 <- parser input ]
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ 777
| (result, tail) <- parser input ]

[Faculty of Science
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result, tail)
| (result, tail) <- parser input ]

i\ & [Faculty of Science
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result, tail)
| (result, tail) <- parser input ]

(guard (> 0) parseNat) "O0" == [(0,"")]

ha
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (777, tail)
| (result, tail) <- parser input ]

3o
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result2, tail)
| (result, tail) <- parser input
, result2 <- if cond result then [result] else []]

\ & [Faculty of Science
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result, tail)

| (result, tail) <- parser input

, cond result]

i\ & [Faculty of Science
AN = . . . rmati 3 3 ing
S U= Universiteit Utrecht Information and C (){!l})lltl[lg
V,@ “\ Sciences]

42



Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result, tail)

| (result, tail) <- parser input

, cond result]

[x | x <- [1..10], odd x] == [1,3,5,7,9]

i\ & [Faculty of Science
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result, tail)

| (result, tail) <- parser input

, cond result]

i\ & [Faculty of Science
AN = . . . rmati 3 3 ing
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Hotfix: exclude 0

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result, tail)

| (result, tail) <- parser input

, cond result]

(guard (> 0) parseNat) "0" == [] (4

i\ & [Faculty of Science
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Hotfix: exclude 0

42

3 L.
§ iteit Utrecht

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input

parsePositiveInt :: Parser Int
parsePositiveInt = guard (> 0) parseNat

guard :: (a -> Bool) -> Parser a -> Parser a
guard cond parser input = [ (result, tail)

| (result, tail) <- parser input

, cond result]

(guard (> 0) parseNat) "0" == [] (4
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sePositivelInt testing

parsePositiveInt "404" == [(404,"")]
parsePositiveInt "1 April" == [(1," April")]
parsePositiveInt "007" == [(7,"")]
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parsePositivelnt testing

43

parsePositivelnt
parsePositivelnt
parsePositivelnt

parsePositiveInt

N
= b = Universiteit Utrecht

N

"404" == [(404,"")]

" April" == [(1," April")]
"oQ7" == [(7’nu)]
HOW == []
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parsePositivelnt testing

parsePositivelnt
parsePositivelnt
parsePositivelnt

parsePositiveInt

parsePositiveInt

<
= b = Universiteit Utrecht
43 %m&

"404" == [(404,"")]

" April" == [(1," April")]
"007" == [(7,"")]
HOW == []

"this is not a number"
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parsePositivelnt testing

parsePositivelnt
parsePositivelnt
parsePositivelnt

parsePositiveInt
parsePositiveInt

**x* Exception:

ha

gﬂ% Universiteit Utrecht

43 %A®

"404" == [(404,"")]

" April" == [(1," April")]
"007" == [(7,"")]
HOW == []

"this is not a number"

Prelude.read: no parse
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parsePositiveInt "this is not a number"
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parsePositiveInt "this is not a number"

== guard (> 0) parseNat "this is not a number"
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parsePositiveInt '"this is not a number"

guard (> 0) parseNat "this is not a number"

[ (result, tail) | (result, tail) <-
parseNat "this is not a number"
, (> 0) result]
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parsePositiveInt '"this is not a number"

guard (> 0) parseNat "this is not a number"

[ (result, tail) | (result, tail) <-
parseNat "this is not a number"
, (> 0) result]

[ (result, tail) | (result, tail) <-
parseNat "this is not a number"
, result > 0]

<NV F. 1 f Scien
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parsePositiveInt '"this is not a number"

guard (> 0) parseNat "this is not a number"

[ (result, tail) | (result, tail) <-
parseNat "this is not a number"
, (> 0) result]

[ (result, tail) | (result, tail) <-
parseNat "this is not a number"
, result > 0]

[ (result, tail) | (result, tail) <-
(let (numStr, tail) = span isDigit "this is n
in [(read numStr, tail)l)
, result > 0]

Vb F: 1 f Sci
Egv% Inf()rnmti([n?((;lllngyc(:)ms]iﬁ?::
E N § Universiteit Utrecht Sciences]
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== [ (result, tail) | (result, tail) <-
(let (numStr, tail) = span isDigit "this is ng
in [(read numStr, tail)])
, result > 0]
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== [ (result, tail) | (result, tail) <-
(let (numStr, tail) = span isDigit "this is ng
in [(read numStr, tail)l)
, result > 0]

== [ (result, tail) | (result, tail) <-
(let (numStr, tail) = ("","this is not a numbs
in [(read numStr, tail)l)
, result > 0]
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== [ (result, tail) | (result, tail) <-
(let (numStr, tail) = span isDigit "this is ng
in [(read numStr, tail)l)
, result > 0]

== [ (result, tail) | (result, tail) <-
(let (numStr, tail) = ("","this is not a numbs
in [(read numStr, tail)l)
, result > 0]

== [ (result, tail) | (result, tail) <-
(let numStr = ""
tail = "this is not a number"
in [(read numStr, tail)l)
, result > 0]
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== [ (result, tail) | (result, tail) <-
(let numStr = ""
tail = "this is not a number"
in [(read numStr, tail)])
, result > 0]
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== [ (result, tail) | (result, tail) <-
(let numStr = ""
tail = "this is not a number"
in [(read numStr, tail)l)
, result > 0]

== [ (result, tail) | (result, tail) <-
(let tail = "this is not a number"
in [(read "", tail)l)
, result > 0]
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== [ (result, tail) | (result, tail) <-
(let numStr = ""
tail = "this is not a number"
in [(read numStr, tail)l)
, result > 0]

== [ (result, tail) | (result, tail) <-
(let tail = "this is not a number"
in [(read "", tail)l)
, result > 0]

%% Exception: Prelude.read: no parse
[Faculty of Science
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Sciences]

N
§U% Universiteit Utrecht
N

\

46



ng the crash

parseNat :: Parser Int
parseNat input = [(read numStr, tail)l
where (numStr, tail) = span isDigit input
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Fixing the crash

48

parseNat :: Parser Int
parseNat input = if numStr=="" then [] else
[(read numStr, tail)]
where (numStr, tail) = span isDigit input

@v% Informat i([fnaf)llllltgy(;:)t;ns}illet?jz
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Fixing the crash

49

parseNat :: Parser Int

parseNat input =

where (numStr,

N
§U% Universiteit Utrecht
N

\

[(read numStr, tail) | numStr /= ""]
tail) = span isDigit input
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parsePositivelnt testing

50

parsePositivelnt
parsePositivelnt
parsePositivelnt
parsePositiveInt

N
= b = Universiteit Utrecht

N

"404" == [(404,"")]

||1 April" = [(1’“ Aprll“)]
"oQ7" == [(7’nu)]
no" == []
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parsePositivelnt testing

parsePositivelnt
parsePositivelnt
parsePositivelnt
parsePositiveInt

parsePositivelnt

%ﬂ 5 Universiteit Utrecht
50 AN

"404" == [(404,"")]

"1l April" == [CL,n April“)] i'
"OO7" == [(7’nu)]

no" == []

"this is not a number" == []
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parsePositivelnt testing

parsePositivelnt
parsePositivelnt
parsePositivelnt
parsePositiveInt

parsePositivelnt

parsePositiveInt

N
= b = Universiteit Utrecht
50 AN

"404" == [(404,"")]

"1 April" == [(1," April")]
"oQ7" == [(7’nu)]

no" == []

"this is not a number" == []
n_1Q" == []
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parsePositivelnt testing

parsePositiveInt "404" == [(404,"")]
parsePositivelInt "1 April" == [(1," April")]
parsePositiveInt "007" == [(7,"")]
parsePositiveInt "0" == []
parsePositiveInt "this is not a number" == []
parsePositiveInt "-10" == []
parsePositiveInt "" == []
Vb [Faculty of Science
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parsePositivelnt testing

parsePositiveInt "404" == [(404,"")]
parsePositivelInt "1 April" == [(1," April")]
parsePositiveInt "007" == [(7,"")]
parsePositiveInt "0" == []
parsePositiveInt "this is not a number" == []
parsePositiveInt "-10" == []
parsePositiveInt "" == []
parsePositiveInt "1e10" == [("1","e10")] X
parsePositiveInt "OxB33F" == [("0","xB33F")] X

§v . Informati[)]i‘xa:ll;l(‘ljycoot;nssiet?::
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parsePositivelnt testing

parsePositiveInt "404" == [(404,"")]
parsePositivelInt "1 April" == [(1," April")]
parsePositiveInt "007" == [(7,"")]
parsePositiveInt "0" == []
parsePositiveInt "this is not a number" == []
parsePositiveInt "-10" == []
parsePositiveInt "" == []
parsePositiveInt "1e10" == [("1","e10")] ?
parsePositiveInt "OxB33F" == [("0","xB33F")] ?

§v . Informati[)]i‘xa:ll;l(‘ljycoot;nssiet?::
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parsePositivelnt testing

parsePositiveInt "404" == [(404,"")]

parsePositivelInt "1 April" == [(1," April")]

parsePositiveInt "007" == [(7,"")]

parsePositiveInt "0" == []

parsePositiveInt "this is not a number" == []

parsePositiveInt "-10" == []

parsePositiveInt "" == []

parsePositivelnt "1e10" == [("1","e10")] (@)

parsePositiveInt "OxB33F" == [("0","xB33F")] ()
NV Faculty of Science
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parsePositivelnt testing

parsePositiveInt "404" == [(404,"")]
parsePositivelInt "1 April" == [(1," April")]
parsePositiveInt "007" == [(7,"")]
parsePositiveInt "0" == []

parsePositiveInt "this is not a number" == []
parsePositiveInt "-10" == []

parsePositiveInt "" == []

parsePositivelnt "1e10" == [("1","e10")] (@)
parsePositiveInt "OxB33F" == [("0","xB33F")] ()
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gress on parseDate

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth
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Progress on parseDate

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

<$> i (a -> b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b

parseDay :: Parser Int
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Progress on parseDate

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

<$> i (a -> b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b

parseDay :: Parser Int

parseMonth :: Parser Month
&‘V / [Faculty of Science
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seMonth

parseMonth :: Parser Month

[Faculty of Science
Information and Computing

Universiteit Utrecht B
Sciences]



seMonth

parseMonth :: Parser Month

parseMonth "july"
parseMonth "august"
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seMonth

parseMonth :: Parser Month

parseMonth "july"
parseMonth "august"

parseMonth "nonsense" x
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seMonth

parseMonth :: Parser Month

parseMonth "july"
parseMonth "august"

parseMonth "nonsense" x

parseMonth "jul"
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seMonth

parseMonth

parseMonth
parseMonth

parseMonth
parseMonth

parseMonth

Universiteit Utrecht

:: Parser Month

n ulyll
"august"

"nonsense" x
||julll
llj"
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seMonth

parseMonth

parseMonth
parseMonth

parseMonth
parseMonth
parseMonth

parseMonth

Universiteit Utrecht

:: Parser Month

n j uly n
"august"

"nonsense" x
"jul" (%4

i

m 5%
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parseMonth

parseMonth :: Parser Month

parseMonth "july" == [(July,"")]

parseMonth "august" == [(August,"")]

parseMonth "nonsense'" == []

parseMonth "jul" == [(July,"")]

parseMonth "j" == [(January,""), (June,""), (July,""):
parseMonth "" == []



seMonth

parseMonth :: Parser Month

parseMonth "july" == [(July,"")]
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lementing parseMonth

parseMonth :: Parser Month

parseMonth "july" = [(July WG )]
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Implementing parseMonth

parseMonth :: Parser Month
parseMonth "july" = [(July,"")]

parseMonth "july 2023"
*** Exception: <interactive>:3:41-71: Non-exhaustive j
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lementing parseMonth

parseMonth :: Parser Month

parseMonth ('j':'u':'l':'y':tail) = [(July,tail)]
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lementing parseMonth

parseMonth :: Parser Month
parseMonth ('j':'u':'l':'y':tail) = [(July,tail)]
parseMonth "july 2023" == [(July," 2023")]
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lementing parseMonth

parseMonth :: Parser Month

parseMonth ('j':'u':'1l':'y':tail) = [(July,tail)]
parseMonth "july 2023" == [(July," 2023")]
But ugly!

&
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lementing parseMonth

parseMonth :: Parser Month

parseMonth = const July <$> parseString "july"
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Implementing parseMonth

parseMonth :: Parser Month
parseMonth = const July <$> parseString "july"

parseString :: String -> Parser String
parseString = 777
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lementing parseString

parseString :: String -> Parser String
parseString str = 777
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lementing parseString

parseString :: String -> Parser String
parseString str input = 777
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lementing parseString

parseString :: String -> Parser String
parseString str input = 777

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]
base Data.List GHC.OldList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

@ The stripPrefix function drops the given prefix from a list. It returns Nothing if the list did not start with the prefix given, or Just the list
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lementing parseString

parseString :: String -> Parser String

parseString str input = case stripPrefix str input of
7?77 => 777

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]
base Data.List GHC.OIdList, rio RIQ.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

& The stripPrefix function drops the given prefix from a list. It returns Nothing if the list did not start with the prefix given, or Just the list
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Implementing parseString

parseString :: String -> Parser String

parseString str input = case stripPrefix str input of
Nothing -> 777
Just tail -> 777

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]

base Data.List GHC.OldList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

@ The st ps the given prefix from a list. It returns Nothing If the list d ot start with the prefix given, or Just the list
R [Faculty of Science
E 2 a S Information and Computing
& Universiteit Utrecht .
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Implementing parseString

parseString :: String -> Parser String

parseString str input = case stripPrefix str input of
Nothing -> []
Just tail -> 777

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]

base Data.List GHC.OldList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

@ The stripp s the given prefix from a list. It returns Nothing if the list @ ot start with the prefix given, or Just the list

&‘V / [Faculty of Science
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Implementing parseString

parseString :: String -> Parser String
parseString str input = case stripPrefix str input of

Nothing -> []
Just tail -> [(str, tail)]

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]
base Data.List GHC.OIdList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

@ The stripPrefix function drops the given prefix fror st. It returns Nething if the list 10t start with the prefix given, or Just the lis
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Testing parseString

parseString :: String -> Parser String

parseString str input = case stripPrefix str input of
Nothing -> []
Just tail -> [(str, tail)]

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]
base Data.List GHC.OIdList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

@ The stripPrefix function drops the given prefix fror st. It returns Nething if the list 10t start with the prefix given, or Just the lis

parseString "ja" "january" == [("ja", "nuary")]

NV Faculty of Science
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Testing parseString

parseString :: String -> Parser String

parseString str input = case stripPrefix str input of
Nothing -> []
Just tail -> [(str, tail)]

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]

base Data.List GHC.OIdList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

@ The stripPrefix function drops the given prefix from a list. It returns Nething if the list 10t start with the prefix given, or Just the list

parseString "ja" "january" == [("ja", "nuary")]
parseString “ja" "java" — [(“ja", "Va")]
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Testing parseString

parseString :: String -> Parser String

parseString str input = case stripPrefix str input of
Nothing -> []
Just tail -> [(str, tail)]

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]

base Data.List GHC.OIdList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

&]T;L st -:‘u:,uu‘f -lzl..-:.u.:.'::,iln,-w_!‘k prefix from a list. It returns Nothing if the list 10t start with the prefix given, or Just the list
parseString "ja" "january" == [("ja", "nuary")]
parseString “ja" "java" — [(“ja", "Va")]
parseString "ja" "nee" == []

R [Faculty of Science
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Testing parseString

parseString :: String -> Parser String

parseString str input = case stripPrefix str input of
Nothing -> []
Just tail -> [(str, tail)]

stripPrefix :: Eq a => [a] -> [a] -> Maybe [a]

base Data.List GHC.OIdList, rio RIO.List, base-prelude BasePrelude, rebase Rebase.Prelude, hledger Hledger.Cli.Script,
LambdaHack Game.LambdaHack.Core.Prelude

&JT-{'_L. st .-:‘u:,.f::r inction drops the given prefix from a list. It returns Nething if the list did not start with the prefix given, or Just the list
parseString "ja" "january" == [("ja", "nuary")]
parseString "ja" "java" == [("ja", "va")]
parseString "ja" "nee" == []

R [Faculty of Science
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ting parseMonth

parseMonth :: Parser Month

parseMonth = const July <$> parseString "july"
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ting parseMonth

parseMonth :: Parser Month
parseMonth = const July <$> parseString "july"

parseMonth "july" == [(July,"")]
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Testing parseMonth

parseMonth :: Parser Month

parseMonth = const July <$> parseString "july"
parseMonth "july" == [(July,"")]
parseMonth "jul" == [] X
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ting parseMonth

parseMonth :: Parser Month

parseMonth = const July <$> parseString "july"
parseMonth "july" == [(July,"")]
parseMonth "jul" == [] X

&
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ting parseMonth

parseMonth :: Parser Month
parseMonth = const July <$> parsePrefix0f "july"

parsePrefix0f :: String -> Parser String
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igning parsePrefix0f

parseMonth :: Parser Month
parseMonth = const July <$> parsePrefix0f "july"

parsePrefix0f :: String -> Parser String
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Designing parsePrefix0f

parseMonth :: Parser Month
parseMonth = const July <$> parsePrefix0f "july"
parsePrefix0f :: String -> Parser String

parsePrefix0f "july" "july"

&‘V / [Faculty of Science
= N} é Universiteit Utrecht Information and CO{!]Pllﬁlllg
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parsePrefix0f "july"
parsePrefix0f :: String -> Parser String
parsePrefix0f "july" "july"

parsePrefix0f "july" "jul"

§V 8 [Faculty of Science
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parsePrefix0f "july"
parsePrefix0f :: String -> Parser String
parsePrefix0f "july" "july"

parsePrefix0f "july" "jul"

parsePrefix0f "july" "ju"

§V 8 [Faculty of Science
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%T& Universiteit Utrecht Sciences]
69



Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parsePrefix0f "july"
parsePrefix0f :: String -> Parser String
parsePrefix0f "july" "july"

parsePrefix0f "july" "jul"

parsePrefix0f "july" "ju"

parsePrefix0f "july" "j"

&‘V / [Faculty of Science

2 b = Universiteit Utrecht Information and Computing

K\ Sciences]
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parsePrefix0f "july"
parsePrefix0f :: String -> Parser String
parsePrefix0f "july" "july"

parsePrefix0f "july" "jul"

parsePrefix0f "july" "ju"

parsePrefix0f "july" "j"

parsePrefix0f "july" "" 2

§V 8 [Faculty of Science

Information and Computing

%T& Universiteit Utrecht Sciences]
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parseNEPrefix0f "july"
parseNEPrefix0f, parsePrefix0f :: String -> Parser St
parseNEPrefix0f "july" "july"

parseNEPrefix0f "july" "jul"

parseNEPrefix0f "july" "ju"

parseNEPrefix0f "july" "j"

parseNEPrefix0f "july" "" X

&‘V [Faculty of Science

] % Universiteit Utrecht Information and Computing
Z‘A‘ Sciences]
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parseNEPrefix0f "july"
parseNEPrefix0f, parsePrefix0f :: String -> Parser St
parseNEPrefix0f "july" "july" (%4

parseNEPrefix0f "july" "jul" _J

parseNEPrefix0f "july" "ju" _J

parseNEPrefix0f "july" "j" 4

parseNEPrefix0f "july" "" ><

parseNEPrefix0f str = guard (/= "") (parsePrefix0f st:
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parseNEPrefix0f "july"
parseNEPrefix0f, parsePrefix0f :: String -> Parser St
parsePrefix0f "july" "july" (%4

parsePrefix0f "july" "jul" ;J

parsePrefix0f "july" "ju" _J

parsePrefix0f "july" "j" v

parsePrefix0f "july" "" ;J

parseNEPrefix0f str = guard (/= "") (parsePrefix0f st:
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parseNEPrefix0f "july"

parseNEPrefix0f, parsePrefix0f :: String -> Parser St
parsePrefix0f "july" "july" == [("july","")]
parsePrefix0f "july" "jul" == [("jul","")]
parsePrefix0f "july" "ju" == [("ju","")]
parsePrefix0f "july" "j" == [("j","")]

parsePrefix0f "july" "" == [("","")]

parseNEPrefix0f str = guard (/= "") (parsePrefix0f st:
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Designing parsePrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parseNEPrefix0f "july"
parseNEPrefix0f, parsePrefix0f :: String -> Parser St
parsePrefix0f "july" "july" =?= [("july",""),("jul",":
parsePrefix0f "july" "jul" =?= [("jul",""),("ju","1")
parsePrefix0f "july" "ju" =?= [("ju",""),("j","u"), ("
parsePrefix0f "july" "j" =7= [("j",""),("","j")]
parsePrefix0f "july" "" =7= [("","")]

parseNEPrefix0f str = guard (/= "") (parsePrefix0f st:

NV [Faculty of Science
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Designing parselLongestPrefix0f

parseMonth :: Parser Month

parseMonth = const July <$> parseLongestNEPrefix0f "j

parselongestNEPrefix0f, parselLongestPrefix0f :: String
parseLongestPrefix0f "july" "july" == [("july","")]
parseLongestPrefix0f "july" "jul" == [("jul","")]
parseLongestPrefix0f "july" "ju" == [("ju","")]
parseLongestPrefix0f "july" "j" == [("j","")]
parseLongestPrefix0f "july" "" == [("","")]

parseLongestNEPrefix0f str = guard (/= "") (parseLong

[Faculty of Science
Information and Computing

& = Universiteit Utrecht L
“\ Sciences]

&
i

74



lementing parselLongestPrefix0f

parselongestPrefix0f :: String -> Parser String
parselongestPrefix0f = 777
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lementing parselLongestPrefix0f

parselongestPrefix0f :: String -> Parser String
parselongestPrefix0f str = 777
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lementing parselLongestPrefix0f

parselongestPrefix0f :: String -> Parser String
parselongestPrefix0f str input = 777
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parselongestPrefix0f (i:is) (j:js) = 777
parseLongestPrefix0f [l dinput = 777
parseLongestPrefix0f str [l =777
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parselongestPrefix0f (i:is) (j:js) = 777
parseLongestPrefix0f [] dinput = [("",input)]
parseLongestPrefix0f str [l =777

7 [Faculty of Science
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parselongestPrefix0f (i:is) (j:js) = 777
parseLongestPrefix0f [] dinput = [("",input)]
parseLongestPrefix0f str 0= [¢,mml

7 [Faculty of Science
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String

parselongestPrefix0f (i:is) (j:js) = 777

parseLongestPrefix0f _ input = [("",input)]
NV [Faculty of Science
g‘g”% Universiteit Utrecht Information and C(g:i}::ltg;j
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js) =
if 1 == j
then 777
else 777
parseLongestPrefix0f _ input = [("",input)]
NI Information and Computing

AN o op o
ESN é Universiteit Utrecht
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parselLongestPrefix0f (i:is) (j:js)
| i ==j = 777
| otherwise = 777
parseLongestPrefix0f _ input = [("",input)]
&‘W&a [Faculty of Science
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)

| i == j = 777

| otherwise = [("",j:js)]
parseLongestPrefix0f _ input = [("",input)]

o m



Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i==3 =777
parselongestPrefix0f _ input = [("",input)]
&‘W% Informat i([FnagilrgyC(:inS;iii?:g
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Implementing parselLongestPrefix0f

86

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i ==3 = (i:) <$> parselLongestPrefix0f is js
parselongestPrefix0f _ input = [("",input)]
7 [Faculty of Science
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Implementing parselLongestPrefix0f

87

parselLongestPrefix0f :: String -> Parser String
parselLongestPrefix0f (i:is) (j:js)

| i ==3 = ((i:) <$> parselongestPrefix0f is) js
parselongestPrefix0f _ input = [("",input)]
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i ==3 = ((i:) <$> parselongestPrefix0f is) js

parselongestPrefix0f _ input = [("",input)]
parseLongestPrefix0f "bannana" "ba" == [("ba","")] (4
7 [Faculty of Science

Information and Computing
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i ==3 = ((i:) <$> parselongestPrefix0f is) js

parselongestPrefix0f _ input = [("",input)]
parseLongestPrefix0f "bannana" "ba" == [("ba","")] (4
parseLongestPrefix0f "bannana" "b" == [("b","")] (4

7 [Faculty of Science

Information and Computing
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Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i ==3 = ((i:) <$> parselongestPrefix0f is) js

parselongestPrefix0f _ input = [("",input)]
parseLongestPrefix0f "bannana" "ba" == [("ba","")] (4
parseLongestPrefix0f "bannana" "b" == [("b","")] (4
parseLongestPrefix0f "bannana" "" == [("","")] [4

7 [Faculty of Science

Information and Computing
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N
5% & é Universiteit Utrecht
N

\

87



Implementing parselLongestPrefix0f

parselLongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i ==3 = ((i:) <$> parselongestPrefix0f is) js

parselongestPrefix0f _ input = [("",input)]
parseLongestPrefix0f "bannana" "ba" == [("ba","")] (4
parseLongestPrefix0f "bannana" "b" == [("b","")] (4
parselLongestPrefix0f "bannana" "" == [("","")] ['4

parselongestPrefix0f "bannana" "bannanas"

== [("bannana","s")] ;ﬂ
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Implementing parselLongestPrefix0f

parselongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i ==3 = ((i:) <$> parselongestPrefix0f is) js

parseLongestPrefix0f _ input = [("",input)]
parseLongestPrefix0f "bannana'" "ba" == [("ba","")]
parselongestPrefix0f "bannana" "b" == [("b","")]
parselongestPrefix0f "bannana" "" == [("","")]

parselongestPrefix0f "bannana" '"bannanas"

== [("bannana","s")]

parselongestPrefix0f "bannana" "banana"

== [("ban","ana")]
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Implementing parselLongestPrefix0f

parselongestPrefix0f :: String -> Parser String
parseLongestPrefix0f (i:is) (j:js)
| i ==3 = ((i:) <$> parselongestPrefix0f is) js

parseLongestPrefix0f _ input = [("",input)]
parseLongestPrefix0f "bannana'" "ba" == [("ba","")]
parselongestPrefix0f "bannana" "b" == [("b","")]
parselongestPrefix0f "bannana" "" == [("","")]

parselongestPrefix0f "bannana" '"bannanas"

== [("bannana","s")]

parselongestPrefix0f "bannana" "banana"

== [("ban","ana")]

&‘W [Faculty of Science
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ting parseMonth

parseMonth :: Parser Month

parseMonth
= const July <$> parseLongestNEPrefix0f "july"
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ting parseMonth

parseMonth :: Parser Month

parseMonth
= const July <$> parseLongestNEPrefix0f "july"

parseMonth "july" == [(July,"")]
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Testing parseMonth

parseMonth :: Parser Month
parseMonth
= const July <$> parselLongestNEPrefix0f "july"
parseMonth "july" == [(July,"")]
parseMonth "july 2023" == [(July," 2023")]
@y [Faculty of Science

] % Universiteit Utrecht Information and Computing
Z‘A‘ Sciences]
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Testing parseMonth

88

parseMonth ::

parseMonth
= const

parseMonth
parseMonth

parseMonth

gﬂ% Universiteit Utrecht

N

Parser Month

July <$> parseLongestNEPrefixOf "july"

"july" == [(July,"")]

"july 2023" == [(July," 2023")]

Iljulll

== [(July,“")]
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Testing parseMonth

parseMonth ::

parseMonth
= const

parseMonth
parseMonth
parseMonth

parseMonth

A

S & é Universiteit Utrecht

o N

Parser Month

July <$> parseLongestNEPrefixOf "july"
"july" == [(July,"")]

"july 2023" == [(July," 2023")]
9wal® o ([T, T

"j" == [(July,"")]
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Testing parseMonth

parseMonth :: Parser Month
parseMonth
= const July <$> parselLongestNEPrefix0f "july"
parseMonth "july" == [(July,"")]
parseMonth "july 2023" == [(July," 2023")]
parseMonth "jul" == [(July,"")]
parseMonth "j" == [(July,"")]
parseMonth "" == []
& Information and Gomputing

%T& Universiteit Utrecht Sciences]
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Testing parseMonth

parseMonth :: Parser Month
parseMonth
= const July <$> parselLongestNEPrefix0f "july"
parseMonth "july" == [(July,"")]
parseMonth "july 2023" == [(July," 2023")]
parseMonth "jul" == [(July,"")]
parseMonth "j" == [(July,"")]
parseMonth "" == []
parseMonth "august" == [] X
AW Information and Gomputing

%T& Universiteit Utrecht Sciences]
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Testing parseMonth

parseMonth :: Parser Month
parseMonth
= const August <$> parselLongestNEPrefix0f "august'
parseMonth "july" == [(Ju]_y"'")] x
parseMonth "july 2023" == [(July," 2023")] X
parseMonth "jul" == [(July,"")] X
parseMonth "j" == [(July,"")] x
parseMonth "" == []
parseMonth "august" == []
@V [Faculty of Science

] é Universiteit Utrecht Information and Computing
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Testing parseMonth

parseMonth :: Parser Month

parseMonth
= const August <$> parseLongestNEPrefix0f "august'

parseMonth "july" == [(July’"")] )(
parseMonth "july 2023" == [(July," 2023")] ><
parseMonth "jul" == [(July,"™)] X
parseMonth "j" == [(July,""™)] X
parseMonth "" == []
parseMonth "august" == []
5
@V [Faculty of Science

] é Universiteit Utrecht Information and Computing
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ting parseMonth

parseMonth :: Parser Month

parseMonth
= const August <$> parseLongestNEPrefix0f "august"
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Testing parseMonth

parseMonth :: Parser Month

parseMonth
= const August <$> parseLongestNEPrefix0f "august'

<|> const July <$> parselLongestNEPrefixOf "july"

&‘W& [Faculty of Science
N = a o e \ ine
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Testing parseMonth

parseMonth :: Parser Month

parseMonth
= const August <$> parseLongestNEPrefix0f "august'

<|> const July <$> parselLongestNEPrefixOf "july"

<|> const June <$> parselLongestNEPrefix0f "june"
<|> const May <$> parseLongestNEPrefix0f "may"

[Faculty of Science
Information and Computing
Sciences]

N
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igning <|>

<|> :: Parser Month -> Parser Month -> Parser Month
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igning <|>

<|> :: Parser a -> Parser a -> Parser a

[Faculty of Science
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igning <[>
<|> :: Parser a -> Parser a -> Parser a

(parseString"bat"<|>parseString"bird") "bat" [

[Faculty of Science
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Universiteit Utrecht B
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igning <[>

<|> :: Parser a -> Parser a -> Parser a
(parseString"bat"<|>parseString"bird") "bat"
(parseString"bat"<|>parseString"bird") "bird"

[Faculty of Science
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Designing <|>
<|> :: Parser a -> Parser a -> Parser a
(parseString"bat'"<|>parseString"bird") "bat"
(parseString"bat"<|>parseString"bird") "bird"

(parseString'"bat"<|>parseString'"batman") "batman'

§V 8 [Faculty of Science

Information and Computing

%T& Universiteit Utrecht Sciences]
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Designing <[>
<|> :: Parser a -> Parser a -> Parser a
(parseString"bat"<|>parseString"bird") "bat" (4
(parseString"bat"<|>parseString"bird") "bird"
(parseString"bat"<|>parseString"batman") "batman" [4

(parseString"bat"<|>parseString"batman") "bug" M

&‘V / [Faculty of Science
= N} é Universiteit Utrecht Information and CO{!]Pllﬁlllg
Sciences]

P ™



Designing <|>
<|> :: Parser a -> Parser a -> Parser a

(parseString"bat'"<|>parseString"bird") "bat"
[(“bat”,"“)]

(parseString"bat"<|>parseString"bird") "bird"
(parseString"bat"<|>parseString"batman") "batman" (%4

(parseString"bat"<|>parseString"batman") "bug" M

&‘V [Faculty of Science
%ﬂ é Universiteit Utrecht Information and Computing

AA® Sciences]
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Designing <|>
<|> :: Parser a -> Parser a -> Parser a

(parseString"bat'"<|>parseString"bird") "bat"
== [("bat”,"“)]

(parseString"bat"<|>parseString"bird") "bird"
— [(ubirdu s " n)]

(parseString"bat"<|>parseString"batman") "batman" (¥4

(parseString"bat"<|>parseString"batman") "bug" X

&‘W [Faculty of Science
A

. Universiteit Utrecht Information and Computing

= [N Sciences
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Designing <|>

<|> :: Parser a -> Parser a -> Parser a

(parseString"bat'"<|>parseString"bird") "bat"
== [("bat”,"“)]

(parseString"bat"<|>parseString"bird") "bird"
— [(ubirdu s " n)]

(parseString'"bat"<|>parseString'"batman") "batman"
= [("bat” s ||mann) s (“batman“ s " u)]

(parseString"bat"<|>parseString"batman") "bug" M

&‘W [Faculty of Science
S & Universiteit Utrecht Information and Computing

= [N Sciences
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Designing <|>

<|> :: Parser a -> Parser a -> Parser a

(parseString'"bat'"<|>parseString"bird") "bat"
—— [(”bat“,"")]

(parseString"bat"<|>parseString"bird") "bird"
[(“bird“,“")]

(parseString'"bat"<|>parseString'"batman") "batman"
[("bat”,”man"),(“batman“,"")]

(parseString'"bat"<|>parseString"batman") "bug"

== [0

&‘W& [Faculty of Science

N % Universiteit Utrecht Information and Computing
’
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lementing <[>

<|> :: Parser a -> Parser a -> Parser a

|>) = 777
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lementing <[>

<|> :: Parser a -> Parser a -> Parser a

(p1 <|> p2) = 777
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lementing <[>

<|> :: Parser a -> Parser a -> Parser a

(p1 <|> p2) input = 777
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lementing <[>

<|> :: Parser a -> Parser a -> Parser a

(p1 <|> p2) input = pl input ++ p2 input

[Faculty of Science
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Implementing <|>

<|> :: Parser a -> Parser a —-> Parser a
(p1 <|> p2) input = pl input ++ p2 input

Exercise
P Is (++) the only way to combine p1 input with p2 input?
P What could go wrong?

[Faculty of Science
Information and Computing

& = Universiteit Utrecht L
“\ Sciences]
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Implementing <|>

<|> :: Parser a -> Parser a —-> Parser a
(p1 <|> p2) input = pl input ++ p2 input

(parseString"bat"<|>parseString"bird") "bat"

== [("bat","")]

(parseString'"bat'"<|>parseString"bird") "bird"
== [("bird“ s " u)]

(parseString"bat"<|>parseString'"batman") "batman"
—— [(“bat” s umanu) s (“batman" s " u)]

(parseString"bat"<|>parseString"batman") "bug

=04

&V%_ [Faculty of Science
= N} é Universiteit Utrecht Information and Computing
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Implementing <|>

<|> :: Parser a -> Parser a -> Parser a
(p1 <|> p2) input = pl input ++ p2 input
(parseString"bat"<|>parseString"bird") "bat"

== [("bat","")]

(parseString'"bat'"<|>parseString"bird") "bird"
== [("bird“ s " u)]

(parseString"bat"<|>parseString'"batman") "batman"
—— [(“bat” s umanu) s (“batman" s " u)]

(parseString"bat"<|>parseString"batman") "bug

=04

&‘V / [Faculty of Science
A b= ive t Utrecht Information and Computing
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lementing parseMonth

parseMonth :: Parser Month

[Faculty of Science
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Implementing parseMonth

parseMonth :: Parser Month

parseMonth
= const January <$> parseLongestNEPrefix0f "janu:
<|> const February <$> parselongestNEPrefix0f "febr:

<|> const March <$> parseLongestNEPrefix0f "marcl
<|> const April <$> parseLongestNEPrefix0f "apri!
<|> const May <$> parseLongestNEPrefix0f "may"
<|> const June <$> parseLongestNEPrefix0f "june'
<|> const July <$> parseLongestNEPrefix0f "july'
<|> const August <$> parseLongestNEPrefix0f "augus

<|> const September <$> parseLongestNEPrefix0f "septe
<|> const October <$> parselLongestNEPrefix0f "octol
<|> const November <$> parseLongestNEPrefix0f "nover
<|> const December <$> parseLongestNEPrefix0f "decer
[Faculty of Science

Information and Computing
Sciences]

N
§U% Universiteit Utrecht
N
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ting parseMonth

parseMonth :: Parser Month
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ting parseMonth

parseMonth :: Parser Month

parseMonth "december" == [(December,"")]
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ting parseMonth

parseMonth :: Parser Month
parseMonth "december" == [(December,"")]

parseMonth "dec" == [(December,"")]

[Faculty of Science
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Universiteit Utrecht B
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ting parseMonth

parseMonth :: Parser Month
parseMonth "december" == [(December,"")]
parseMonth "dec" == [(December,"")]

parseMonth "december 2023" == [(December," 2023")]

[Faculty of Science
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Testing parseMonth

parseMonth :: Parser Month

parseMonth "december" == [(December,"")]
parseMonth "dec" == [(December,"")]

parseMonth "december 2023" == [(December," 2023")]
parseMonth "dec 2023" == [(December," 2023")]

R/ [Faculty of Science
S UZ Universiteit Utrecht Information and Colr)Plltitlg
> Sciences]
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Testing parseMonth

parseMonth :: Parser Month

parseMonth "december" == [(December,"")]
parseMonth "dec" == [(December,"")]

parseMonth "december 2023" == [(December," 2023")]
parseMonth "dec 2023" == [(December," 2023")]
parseMonth "d 2023" == [(December," 2023")]

R/ [Faculty of Science
S UZ Universiteit Utrecht Information and Colr)Plltitlg
> Sciences]
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Testing parseMonth

parseMonth :: Parser Month

parseMonth "december" == [(December,"")]
parseMonth "dec" == [(December,"")]

parseMonth "december 2023" == [(December," 2023")]
parseMonth "dec 2023" == [(December," 2023")]
parseMonth "d 2023" == [(December," 2023")]
parseMonth "" == []

R/ [Faculty of Science
%ﬂ% Universiteit Utrecht Information and Colr)Plltltlg
> Sciences]
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Testing parseMonth

parseMonth :: Parser Month

parseMonth "december" == [(December,"")]
parseMonth "dec" == [(December,"")]

parseMonth "december 2023" == [(December," 2023")]
parseMonth "dec 2023" == [(December," 2023")]
parseMonth "d 2023" == [(December," 2023")]
parseMonth "" == []

parseMonth '"mar" == [(March,"")]

R/ [Faculty of Science
%ﬂ% Universiteit Utrecht Information and Colr)Plltltlg
> Sciences]
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Testing parseMonth

parseMonth :: Parser Month

parseMonth "december" == [(December,"")]

parseMonth "dec" == [(December,"")]

parseMonth "december 2023" == [(December," 2023")]

parseMonth "dec 2023" == [(December," 2023")]

parseMonth "d 2023" == [(December," 2023")]

parseMonth "" == []

parseMonth '"mar" == [(March,"")]

parseMonth "j" == [(January,""), (June,""), (July,"")] |

%‘% S IR, S s
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Testing parseMonth

parseMonth :: Parser Month

parseMonth "december" == [(December,"")]

parseMonth "dec" == [(December,"")]

parseMonth "december 2023" == [(December," 2023")]

parseMonth "dec 2023" == [(December," 2023")]

parseMonth "d 2023" == [(December," 2023")]

parseMonth "" == []

parseMonth '"mar" == [(March,"")]

parseMonth "j" == [(January,""), (June,""), (July,"")] |

&

%‘% S IR, S s

I Sciences]



Testing parseMonth

parseMonth ::

parseMonth
parseMonth
parseMonth
parseMonth
parseMonth
parseMonth
parseMonth
parseMonth

parseMonth

== [(Januar
% % Universiteit Utrecht Information and Colt)Plltirlg
Sciences]

&
N

105

Parser Month

"december" == [(December,"")]

"dec" == [(December,"")]

"december 2023" == [(December," 2023")]
"dec 2023" == [(December," 2023")]

"d 2023" == [(December," 2023")]

"o== ]

"mar" == [(March,"")]

"j" == [(January,""), (June,""), (July,"")] i
"june"

¥ "une ") ’ (June ’ ' ”) ’ (July ’ "ne" )[l;lam%of Science



Testing parseMonth

parseMonth ::

parseMonth
parseMonth
parseMonth
parseMonth
parseMonth
parseMonth
parseMonth
parseMonth

parseMonth

== [(Januar
%‘L’% B Information and Computing
W

X!
g

105

Parser Month

"december" == [(December,"")]

"dec" == [(December,"")]

"december 2023" == [(December," 2023")]
"dec 2023" == [(December," 2023")]

"d 2023" == [(December," 2023")]

"o== ]

"mar" == [(March,"")]

"j" == [(January,""), (June,""), (July,"")] i
"june"

y 2 “une ") 2 (June o ! ”) 2 (July ’ “Ile ! )[l;lam%of Science

Sciences]



Xx. one month

longest :: Parser a —-> Parser a
(longest parseMonth) "june" == [(June,"")]
[Faculty of Science
Universiteit Utrecht Information and Computing

Sciences]



Max. one month

106

longest :: Parser a —-> Parser a

(longest parseMonth) "june" == [(June,"")]

(longest parseMonth) "ju" == [(June,""),(July,"")]
N Faculty of Scien
§L’% Universiteit Utrecht IIlform‘dtiL[‘u?lelnlyC(:gn;ue;,i:%
%A& clences



Max. one month

longest :: Parser a —-> Parser a

(longest parseMonth) "june" == [(June,"")]
(longest parseMonth) "ju" == [(June,""), (July,"")]
(longest parseMonth) "april '99" == [(April," '99")]
S‘L”% Universiteit Utrecht II]fO!‘lu‘(Lti([‘}:naf)lltl(;;y(;:)fl‘ns;):lii?:z
106 ‘f%’“@' Sciences]



lementing longest

longest :: Parser a -> Parser a

longest = 777
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lementing longest

longest :: Parser a -> Parser a

longest parser = 777
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lementing longest

longest :: Parser a -> Parser a

longest parser input = 777
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lementing longest

longest :: Parser a -> Parser a
longest parser input = 777

where outputs = parser input

[Faculty of Science
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lementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input

-- e.g. [(January, "une"), (June,""), (July, "ne")]

[Faculty of Science
Information and Computing

Universiteit Utrecht B
Sciences]



Implementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]

sorted = sortOn (length . snd) output

&‘W@ [Faculty of Science
%" Z  Universiteit Utrecht Information and Computing

k AA& Sciences]
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Implementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]
sorted = sortOn (length . snd) output

--e.g. [(June,""), (July, "ne"), (January, "une")]

grouped = groupBy ((==) “on~ length . snd) ouf
NV [Faculty of Science
&‘v Information and Computing

S & é Universiteit Utrecht
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Implementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]
sorted = sortOn (length . snd) output
--e.g. [(June,""), (July, "ne"), (January, "une")]
grouped = groupBy ((==) “on~ length . snd) ouf

-- e.g. [[(June,"")], [(July, "ne")], [(January, "une").

R [Faculty of Science

S UZ Universiteit Utrecht Information and Computing

m Sciences]
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Implementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]
sorted = sortOn (length . snd) output
--e.g. [(June,""), (July, "ne"), (January, "une")]
grouped = groupBy ((==) “on~ length . snd) ouf
-—e.g. [[(June,"")], [(July, "ne")], [(January, "une").

oneGroup = take 1 grouped

&‘V / [Faculty of Science

2 b = Universiteit Utrecht Information and Computing

K\ Sciences]
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Implementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]
sorted = sortOn (length . snd) output
--e.g. [(June,""), (July, "ne"), (January, "une")]
grouped = groupBy ((==) “on~ length . snd) ouf
-—e.g. [[(June,"")], [(July, "ne")], [(January, "une").
oneGroup = take 1 grouped

-—e.g. [[(June,"")]]

R [Faculty of Science

S UZ Universiteit Utrecht Information and Computing

m Sciences]
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Implementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]
sorted = sortOn (length . snd) output
--e.g. [(June,""), (July, "ne"), (January, "une")]
grouped = groupBy ((==) “on~ length . snd) ouf
-—e.g. [[(June,"")], [(July, "ne")], [(January, "une").
oneGroup = take 1 grouped
--e.g. [[(June,"")]]

@w concatented = concat flrstGrqu [Faculty of Science

Information and Computing

5 Universiteit Utrecht
%‘» Sciences]
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Implementing longest

longest :: Parser a -> Parser a
longest parser input = 777
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]
sorted = sortOn (length . snd) output
--e.g. [(June,""), (July, "ne"), (January, "une")]
grouped = groupBy ((==) “on~ length . snd) ouf
-—e.g. [[(June,"")], [(July, "ne")], [(January, "une").
oneGroup = take 1 grouped

-—e.g. [[(June,"")]]

R concatented = concat firstGrqu [Faculty of Science

£ UZ Universiteit Utrecht Information and Computing

&N Sciences]
109 -—— e.qg. [(June,"")]



Implementing longest

longest :: Parser a -> Parser a
longest parser input = concatented
where outputs = parser input
-- e.g. [(January, "une"), (June,""), (July, "ne")]
sorted = sortOn (length . snd) output
-—e.g. [(June,""), (July, "ne"), (January, "une")]
grouped = groupBy ((==) “on~ length . snd) ouf
-—e.g. [[(June,"")], [(July, "ne")], [(January, "une").
oneGroup = take 1 grouped
--e.g. [[(June,"")]]

concatented = concat flrstGrqu [Faculty of Science

Information and Computing
Sciences]

&\‘V
% 5 Universiteit Utrecht
110 AA‘ o e.g. [(JUTLB, ////)]



Tidying up longest

longest :: Parser a -> Parser a
longest parser input = concatented

where outputs = parser input
sorted = sortOn (length . snd) output
grouped = groupBy ((==) “on~ length . snd) ouf
oneGroup = take 1 grouped

concatented = concat flrstGrqu [Faculty of Science

Universiteit Utrecht Information and Computing
Sciences]

A
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Tidying up longest

longest :: Parser a -> Parser a

longest parser input
= concatenated
where outputs = parser input
sorted = sortOn (length . snd) outputs
grouped = groupBy ((==) “on” length . snd) so:
firstGroup = take 1 grouped
concatented = concat firstGroup

[Faculty of Science
Information and Computing
Sciences]
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Tidying up longest

longest :: Parser a -> Parser a

longest parser input
= concat
$ firstGrouped
where outputs = parser input
sorted = sortOn (length . snd) outputs
grouped = groupBy ((==) “on” length . snd) soi
firstGroup = take 1 grouped

[Faculty of Science
Information and Computing
Sciences]
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Tidying up longest

longest :: Parser a -> Parser a

longest parser input
= concat
take 1
$ grouped
where outputs = parser input
sorted = sortOn (length . snd) outputs
grouped = groupBy ((==) “on” length . snd) so:

[Faculty of Science
Information and Computing

& = Universiteit Utrecht L
“\ Sciences]
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Tidying up longest

longest :: Parser a -> Parser a

longest parser input
= concat
take 1
groupBy ((==) “on”~ length . snd)
$ sorted
where outputs = parser input

sorted = sortOn (length . snd) outputs

N
§U% Universiteit Utrecht
N

\
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Tidying up longest

longest :: Parser a -> Parser a

longest parser input

= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)

$ outputs

where outputs = parser input

& & [Faculty of Science
N = a o] rmati > bing
E% é ot et Information and C (gn})utln;],

ciences
NS
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Tidying up longest

longest :: Parser a -> Parser a

longest parser input
= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)
parser
$ input

[Faculty of Science
Information and Computing
Sciences]
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Tidying up longest
longest :: Parser a -> Parser a

longest parser

= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)
parser
§ ZIV% Universiteit Utrecht I"fO““""’i([f“a(‘;lllll(gyc(:g’:vsi}z{‘?;i%
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Tidying up longest
longest :: Parser a -> Parser a

longest parser

= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)
parser
I\ 7 Performance alert! ('J 1

P longest is slow
P> Exercise: speed it up algorithmically

Vb F: 1 f Sci
Egv% Inf()rnmti([n?((;lllngyc(:)ms]iﬁ?::
E N § Universiteit Utrecht Sciences]
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Tidying up longest
longest :: Parser a -> Parser a

longest parser

= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)
parser
I\ 7 Performance alert! ('J 1

P longest is slow

P> Exercise: speed it up algorithmically
P Hint 1: you can change the Parser type

& [Faculty of Science
§U é Universiteit Utrecht Information and C(){n})uting
V,@ “\ Sciences]
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Tidying up longest
longest :: Parser a -> Parser a

longest parser

= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)
parser
I\ 7 Performance alert! ('J 1

P longest is slow

P> Exercise: speed it up algorithmically
P Hint 1: you can change the Parser type
P Hint 2: length is the biggest culprit

\ & [Faculty of Science
&U é Universiteit Utrecht Information and C(){n})uting
V,@ “\ Sciences]
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Tidying up longest
longest :: Parser a -> Parser a

longest parser

= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)
parser
I\ 7 Performance alert! ('J 1

P longest is slow

P> Exercise: speed it up algorithmically
P Hint 1: you can change the Parser type
P Hint 2: length is the biggest culprit
P Hint 3: why lists?

\ & [Faculty of Science
&U é Universiteit Utrecht Information and C(){n})uting
V,@ “\ Sciences]
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Testing longest

longest :: Parser a -> Parser a

longest parser

= concat
take 1
groupBy ((==) “on”~ length . snd)
sortOn (length . snd)
parser

longest (parseString "bat" | parseString "batman")

== [("batman“," u)] J

&‘W% [Faculty of Science
% N % Universiteit Utrecht Information and (;(g!:i}::lt::‘ﬁ;
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Fixing parseMonth

120

parseMonth ::

parseMonth

= const January
<|> const February

<|> const March
<|> const April
<|> const May
<|> const June
<|> const July

<|> const August
<|> const September
<|> const October
<|> const November
<|> const December

@w@parseMonth

‘

m;\x

'june"
“Tfﬁgﬁﬁﬁ%y,“une"),(June,““),(July,“ne")]

<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>

Parser Month

parselLongestNEPrefix0f
parselongestNEPrefix0f
parselongestNEPrefix0f
parselongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parseLongestNEPrefix0f
parselLongestNEPrefix0f
parselLongestNEPrefix0f
parselLongestNEPrefix0f

"' janu:
"febrt
"marcl
"apri:

may
"june'
"july
"augus
"'septe
"octol
"nover
"decer

[Faculty of Science

Information uy ()111])ut1n§.,

Sciences]



Fixing parseMonth

121

A

=
E—

A
N

parseMonth ::

parseMonth = longest

$ const January
<|> const February
<|> const March
<|> const April
<|> const May

<|> const June

<|> const July

<|> const August
<|> const September
<|> const October
<|> const November
<|> const December

parseMonth "june" ==

=

Universiteit Utrecht

<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>
<$>

[(June,""] (4

Parser Month

parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parseLongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f

" janus
"febr
"marcl
"apri:
Ilmayll
"june'
IIJuly
"augus
"'septe
"octol

"nover
"decer
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parseMonth ::

$ January
February

<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>

March
April
May
June
July

K/

August
September
October
November
December

= Universiteit Utrecht
N

Tidying up parseMonth

Parser Month
parseMonth = longest

<$
<$
<$
<$
<$
<$
<$
<$
<$
<$
<$
<$

parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parseLongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f

"january"
"february"
"march"
"april"
"may"
"june"
"july"
"august"
"september"
"october"
"november"
"december"
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Tidying up parseMonth

parseMonth :: Parser Month

parseMonth = longest
$ January <$ parseLongestNEPrefix0f "january"
<|> February <$ parseLongestNEPrefix0f "february"
<|> March <$ parselongestNEPrefix0f "march"
<|> April <$ parselLongestNEPrefix0f "april"
<|> May <$ parselongestNEPrefix0f "may"
<|> June <$ parselLongestNEPrefix0f "june"
<|> July <$ parselongestNEPrefix0f "july"
<|> August <$ parselLongestNEPrefix0f "august"
<|> September <$ parseLongestNEPrefix0f "september"
<|> October <$ parseLongestNEPrefix0f "october"
<|> November <$ parselongestNEPrefix0f "november"
<|> December <$ parselLongestNEPrefix0f "december"

<$ a -> Parser b -> Parser a

[Faculty of Science
Information and Computing
Sciences]
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parseMonth ::

$ January
February

<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>
<|>

March
April
May
June
July

K/

August
September
October
November
December

%
= Universif {recht
W

Tidying up parseMonth

Parser Month
parseMonth = longest

<$
<$
<$
<$
<$
<$
<$
<$
<$
<$
<$
<$

parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parseLongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f
parselongestNEPrefix0f
parselLongestNEPrefix0f
parselongestNEPrefix0f

"january"
"february"
"march"
"april"
"may"
"june"
"july"
"august"
"september"
"october"
"november"
"december"
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gress on parseDate

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

[Faculty of Science
Information and Computing

Universiteit Utrecht B
Sciences]



Progress on parseDate

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

<$> i (a -> b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b

parseDay :: Parser Int

parseMonth :: Parser Month

R [Faculty of Science
S UZ Universiteit Utrecht Information and Computing
m Sciences]
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ting parseDate

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

parseDate6 "31 oct'

[Faculty of Science
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ting parseDate

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

parseDate6 "31 oct'
== []x
-
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Testing parseDate

125

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth

parseDate6 "31 oct'

-0 X

parseDate6 "3loct"
== [(Date {day = 31’ month = Uctober},"")]

&‘W& [Faculty of Science
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Testing parseDate
parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth
parseDate6 "31 oct'

-0 X

parseDate6 "3loct"
== [(Date {day = 31’ month = Uctober},"")]

22
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dling Whitespace

parseDate7 :: Parser Date
parseDate7 =
Date <$> parseDay <* parseSpaces <*> parseMonth

[Faculty of Science
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Handling Whitespace

parseDate7 :: Parser Date
parseDate7 =
Date <$> parseDay <* parseSpaces <*> parseMonth

parseSpaces :: Parser String
<* :: Parser a —-> Parser b —-> Parser a
[Faculty of Science
&‘W% Information and Computing
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Handling Whitespace

parseDate7 :: Parser Date
parseDate7 =
Date <$> parseDay <* parseSpaces <*> parseMonth

parseSpaces :: Parser String
<* :: Parser a -> Parser b -> Parser a

parseDate6 "31 oct"
== [(Date 31 October,"")]

&‘W [Faculty of Science
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Handling Whitespace

parseDate7 :: Parser Date
parseDate7 =
Date <$> parseDay <* parseSpaces <*> parseMonth

parseSpaces :: Parser String
<* :: Parser a -> Parser b -> Parser a

parseDate6 "31 oct"
== [(Date 31 October,"")]

parseDate6 "4 ju"
= [ (Date 4 June,"")
, (Date 4 July,"")]

&‘V [Faculty of Science
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Handling Whitespace

parseDate7 :: Parser Date
parseDate7 =
Date <$> parseDay <* parseSpaces <*> parseMonth

parseSpaces :: Parser String
<* :: Parser a -> Parser b -> Parser a

parseDate6 "31 oct"
== [(Date 31 October,"")]

parseDate6 "4 ju"
== [ (Date 4 June,"")
, (Date 4 July,"")]

NV Faculty of Science
iy, [
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Handling Whitespace

parseDate7 :: Parser Date
parseDate7 =
Date <$> parseDay <* parseSpaces <*> parseMonth

Exercises
P parseSpaces :: Parser String
P <x :: Parser a -> Parser b -> Parser a
NV [Faculty of Science
g‘w Information and Computing

5 Universiteit Utrecht
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dling Whitespace another way

type Parser a = String -> [(a,String)]
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dling Whitespace another way

type Parser a = [Char] -> [(a,[Char])]
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dling Whitespace another way

type Parser' tok a = [tok] -> [(a, [tok])]
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dling Whitespace another way

type Parser' tok a = [tok] -> [(a, [tok])]

type Parser a = Parser' Char a
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Handling Whitespace another way

type Parser' tok a = [tok] -> [(a, [tok])]

type Parser a = Parser' Char a

<*> :: Parser' tok (a -> b)
-> Parser' tok a
-> Parser' tok b
<$> (a -> b)
-> Parser' tok a
-> Parser' tok b
R tatormston st Copnponing

5 Universiteit Utrecht

= [N Sciences
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Iding high-level parsers

type Parser' tok a = [tok] -> [(a, [tok])]

type Parser a = Parser' Char a

[Faculty of Science
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Building high-level parsers

type Parser' tok a = [tok] -> [(a, [tok])]
type Parser a = Parser' Char a

parseDate8 :: Parser' String Month
parseDate8 = Date <$> tok parseDay <*> tok parseMonth

<NV F. 1 f Scien
&‘W% [Faculty of Science
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Building high-level parsers

type Parser' tok a = [tok] -> [(a, [tok])]
type Parser a = Parser' Char a

parseDate8 :: Parser' String Month
parseDate8 = Date <$> tok parseDay <*> tok parseMonth

parseDay :: Parser Int —-- wunchanged
parseMonth :: Parser Month -- wunchanged

&‘V [Faculty of Science
U é Universiteit Utrecht Information and Computing

AA® Sciences]
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Building high-level parsers
type Parser' tok a = [tok] -> [(a, [tok])]

type Parser a = Parser' Char a

parseDate8 :: Parser' String Month
parseDate8 = Date <$> tok parseDay <*> tok parseMonth

parseDay :: Parser Int —-- wunchanged
parseMonth :: Parser Month -- wunchanged
tok :: Parser a -> Parser' String a

&‘V [Faculty of Science

U % Universiteit Utrecht Information and Computing

AA® Sciences]
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Building high-level parsers
type Parser' tok a = [tok] -> [(a, [tok])]

type Parser a = Parser' Char a

parseDate8 :: Parser' String Month
parseDate8 = Date <$> tok parseDay <*> tok parseMonth

parseDay :: Parser Int -- wunchanged
parseMonth :: Parser Month -- wunchanged
Exercise:

-— Parse a single token
tok :: Parser' subToken a
-> Parser' [subToken] a

&‘V [Faculty of Science
U é Universiteit Utrecht Information and Computing

AA® Sciences]
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ning high-level parsers

parseDate8 ["31","oct"]
== [(Date {day = 31’ month = October},"")]
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ning high-level parsers

parseDate8 (words "31 oct")
== [(Date {day = 31’ month = October},"")]
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ning high-level parsers

parseDate8 (words "31 oct")
== [(Date {day = 31’ month = October},"")]

words :: String -> [String] -- built-in
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Running high-level parsers

parseDate8 (words "31 oct")

words :: String -> [String] -- built-in

lines :: String -> [String]l -- built-in

split :: Char -> String -> [String]l -- built-in
NV Faculty of Science
§v Informati[)n alnr‘;yCoI!;pl]tirlg
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Running high-level parsers

parseDate8 (words "31 oct")

words :: String -> [String] -- built-in

lines :: String -> [String]l -- built-in

split :: Char -> String -> [String]l -- built-in

removeCommentsAndWhitespace :: String -> [String]
Vb [Faculty of Science
o y

8 = Universiteit Utrecht Information and Computing
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Why bother?

/" high-level parsers
parseDate8 =
Date <$> tok parseDay <*> tok parseMonth
VS.
parseDate7 =
Date <$> parseDay <* parseSpaces <*> parseMonth

[Faculty of Science
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7 low-level parsers

parseNat input = [(read numStr, tail) | numStr /= ""]
where (numStr, tail) = span isDigit input

VS.

parseNat input = [ (x,"") |
[Just x] <- readMaybe input, x >= 0]

[Faculty of Science
Information and Computing
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mary

parseDay :: Parser Int
parseMonth :: Parser Month
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mary

parseDay :: Parser Int

parseMonth :: Parser Month

< g3 a -> Parser b -> Parser a
<k Parser a -> Parser b -> Parser a
<[> g3 Parser a -> Parser a —-> Parser a
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mary

parseDay :: Parser Int

parseMonth :: Parser Month

<$ :: a -> Parser b -> Parser a
<k o Parser a -> Parser b -> Parser a
<[> 33 Parser a -> Parser a -> Parser a
parseDate7 :: Parser Date

[Faculty of Science
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Summary

parseDay :: Parser Int

parseMonth :: Parser Month

<$ a -> Parser b -> Parser a
<k Parser a -> Parser b -> Parser a
K[> s Parser a -> Parser a -> Parser a
parseDate7 :: Parser Date

parseDate7 "31 oct"
== [(Date 31 October,"")]

&‘V / [Faculty of Science
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Summary

parseDay :: Parser Int

parseMonth :: Parser Month

<$ a -> Parser b -> Parser a
<k Parser a -> Parser b -> Parser a
K[> s Parser a -> Parser a -> Parser a
parseDate7 :: Parser Date

parseDate7 "31 oct"
== [(Date 31 October,"")]

parseDate7 "4 ju"
== [ (Date 4 June,"")
, (Date 4 July,"")]
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Summary

parseDay :: Parser Int

parseMonth :: Parser Month

<$ a -> Parser b -> Parser a
<k Parser a -> Parser b -> Parser a
K[> s Parser a -> Parser a -> Parser a
parseDate7 :: Parser Date

parseDate7 "31 oct"

== [(Date 31 October,"")]

parseDate7 "4 ju"
== [ (Date 4 June,"")
, (Date 4 July,"")]

type Parser' tok a = [tok] -> [(a, [tok])]

gﬂ% Universiteit Utrecht

137 %ﬂ®

[Faculty of Science
Information and Computing
Sciences]



138

More Exercises

P> Support capital case anywhere:
Apr, (4 apri, 4 APRIL, ['4 ApRiL
P> Support capital case for first letter only:

Apr, 4 apri, X APRIL, X ApRiL
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