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data Parser a = Parser (String -> Maybe (a, String))
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data Parser a = Parser (String -> Maybe (a, String))

parse: :Parser a -> String -> Maybe (a, String)
parse (Parser p) cs = p cs

- parse [FN—HI[CEZoN=XFINaE5Z TN\—RAERZTRIEMTT .
- P RE—XFEFZEHRAFAAN—FIERDISZHEYET .

parseOne: : Parser Char
parseOne = Parser p where {
p [] = Nothing ;
p (c:cs) = Just (c, cs) }

- RITLTHAHIEDLTEET.

> parse ParseOne "123"
Just ('1l',"23")




Functor Parser

- EFFIZT ARIZ Functor DAV AZV R IZTEHHENHYET.

- Functor f (& fmap AVYRFHFLHET.
- fmap::(a -=> b) -> f a -> £ b

import Control.Applicative

instance Functor Parser where {
fmap £ p = Parser (\c¢s -> do {(v, csl) <- parse p cs ;
return (£ v, csl) })

}

- Parser MIFGH, fmap [F/N\—ALT-#ERICEAMEERT 5/\—
vEDEXP

- parseChar: : Parser Char
- fmap isDigit parseChar: :Parser Bool

> parse (fmap isDigit ParseOne) "123"
Just (True,'"23")




Applicative Parser

- RIZ Applicative DAV AFVAIZLFET.
- Applicative £ [T BICIFT2DDITAAVYIYNEEERLEFT.

- pure::a -> f a
c (<*>)::f (a ->b) ->f a->fb

instance Applicative Parser where {
pure v = Parser (\cs -> return (v, cs));
p <*> q = Parser (\cs -> do {(f, csl) <- parse p cs ;
(v, cs2) <- parse q csl ;
return (£ v, cs2) })

}

- IN— D pure [EA[EL/N—ALFEA.

o <> [I2DDN—HZFIEFIEAL, RPTIDN—HDFEEIZ2DBED/NN—HDHEES
BALET.

- 148 Applicative M pure & <*> [LRDBFANZEFE-SLGLTIEIWTEEA.
- pure id <*> v = v
cpure (.) <*> u <*> v <*> w = u <*> (v <*> w)
- pure £ <*> pure x = pure (f x)
cu <*> pure y = pure ($ y) <*> u



Monad Parser

- CNTEEMNTETLI=DTEIZ Monad DA ARAVAIZLET.
- Monad m 29 BIZF2DDITAAYYREEEZLET.

- return::a -> m a
e (>>=)::ma -> (a ->mb) ->mb

instance Monad Parser where {
p >>= £ = Parser (\cs -> do { (v, csl) <- parse p cs ;
parse (f v) csl });
return x = Parser (\cs -> return (x, cs))

}

- return [¥ Applicative M pure EEILCTT.

cp >>= £ldp MOFE/NN—RATEEZIC, TOFRBRIC £ Z2EALTRX
0)/\ Zé‘—h(‘fiﬁ' EEEL T/N\— Zﬁ—ét%' ELNVET.

- p MEBLT-EE (Nothing) [E £ [EZFEIENFHA.

- Monad ) do RZ&{FSE, TAYSLMNFHEAPILHYET.
“p >>= (\x -> q)
do { x <- p; g}



Alternative Parser

- &5[Z Alternative DAV ARV RIZTBAIET, IN—HEZOIHYFET.

- Alternative f [ZTBIZIF2DDIVSAAYYFEEELET.
- empty::f a
c (L|>)::fa->f a->f a

instance Alternative Parser where {

empty = Parser (\cs -> Nothing) ;

p <|> g = Parser (\cs -> parse p cs <|> parse q cs)
}

- empty [FfA[HLAELVN—HTY.

. F <|> qlE p BOFN—RATELZICE p DFERTRL, 2FWLIDGEMoTf=LE
X gZziELET.
- Maybe % Alternative TD TEZEDHF THE-LTLVET.

- WO DN—HYZHERTEATEDLDZIRIT DICFEIENTEFRT.
- F1-, some & many MERINTLVET.

- some::f a -> £ [a]

- many::f a -> £ [a]

- some [F1 DL ED#EYRL, many (X0EL EDEYRLEZRLET .
- Alternative [ empty & <|> THHEIZHO>TWET.
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parseOne: : Parser Char
parseOne = Parser p where {
p [] = Nothing ;
p (c:cs) = Just (c, cs) }

- parse parseOne "123"

= Just ('1', "23")
- parse parseOne ""

= Nothing

. -_?f’L’Eﬁ’J'C ZTDOXFLHLEHRZFmI=-9 MEARNEZ/N—HZTE
EC=FET.

parseSat:: (Char -> Bool) -> Parser Char
parseSat £ = do { x <- parseOne ;
if £ x then return x else empty }

- parse (parseSat isDigit) "123abc"
= Just ('l', "23abc")

- parse (parseSat isDigit) "abc"
= Nothing
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parseChar: :Char -> Parser Char
parseChar x = parseSat (== x)

- parse (parseChar 'a') "abce"
= Just ('a', "bc")

- parse (parseChar 'a') "123"
= Nothing

- parseChar #EHfSE T, RPN HLOIXFIE—HTOINZHRARS.

parseString: :String -> Parser String

parseString [] = return []

parseString (x:xs) = do { parseChar x ;
parseString xs ;
return (x:xs) }

- parse (parseString "abc") "abcab"
= Just ("abc", "ab")

- parse (parseString "abc") "ababc"
= Nothing
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- EREREARIET/N—Y

parseSpace: : Parser ()
parseSpace = do { many (parseSat isSpace) ;
return () }

- parse parseSpace " 123"
= Just ((), "123")

- parse parseSpace "123"
= Just ((), "123")

- BEHEIN—RT B/IN—YH

parseNumber: : Parser Integer

parseNumber = do { parseSpace ;
cs <- some (parseSat isDigit) ;
return (read cs) }

- parse parseNumber " 123 + 567"
= Just (123, " + 567")
- REEDZEBZTHARIET.
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parseSymbol: :String -> Parser String

parseSymbol xs = do { parseSpace ;
parseString xs }

- parse (parseSymbol "*") " * 123"
$ Just ("*", " 123")

- parse (parseSymbol "*") " + 123"
= Nothing

- parseNumber & parseSymbol HHAEHHESH_ET, LWALYVA
IEIN—ADNA[BEIZTED.

do { x <- parseNumber ;
parseSymbol "*%“ ;
y <- parseNumber ;
return (x * y) }

parseSymbol "*" <|> parseSymbol "+"
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REXAKRFELTIZ, FOFFIE T H8IZT 5.

- parseExpr, parseTerm, parseFactor::Parser Integer

- TRF1DEXIE

- factor ::= number | " (" expr ")"

DT, THFIFETUDHEICFHTHIZFEVUHT.

parseFactor: :Parser Integer
parseFactor = parseNumber
<|>
do { parseSymbol " (" ;
X <- parseExpr ;
parseSymbol ")" ;
return x }
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- TE DX

- term ::= number (("*" | "/") number)*

BT, TAFIZHUHL, EDHE * D/ Zil~5.

parseTerm: : Parser Integer
parseTerm = parseNumber >>= nextFactor where ({
nextFactor x = do { parseSymbol "*" ;
y <- parseNumber ;
nextFactor (x * y) 1}
<|>
do { parseSymbol "/ ;
y <- parseNumber ;
nextFactor (x "div vy) }
<|>
return x
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- TR DT

- expr ::= term (("+" | "-") term)*

DT, MEI1ZHUHL, EDHE + H - ZHANSD.

parseExpr: :Parser Integer
parseExpr = parseTerm >>= nextTerm where {
nextTerm x = do { parseSymbol "+" ;
y <- parseTerm ;
nextTerm (x + y) 1}
<|>
do { parseSymbol "-" ;
y <- parseTerm ;
nextTerm (x - y) }
<|>
return x
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main: : IO ()
main = getContents >>=
putStr . unlines . map process . lines where {
process cs = showResult $ parse parseExpr cs ;
showResult (Just (x,[])) = "result = " ++ show x ;
showResult _ = "error: syntax"

}




.
IN—HDOEIKR()

calcmp.hs
-- monad parser - -- parser for calculator -
import Control.Applicative
import Data.Char parseOne: :Parser Char
parseOne = Parser p where {
data Parser a = Parser (String -> Maybe (a, String)) p [] = Nothing ;
P (c:cs) = Just (c, cs)
parse: :Parser a -> String -> Maybe (a, String) }
parse (Parser p) cs = p cs
parseSat:: (Char -> Bool) -> Parser Char
instance Functor Parser where { parseSat £ = do { x <- parseOne ;
fmap £ p = if £ x then return x else empty }
Parser (\¢s -> do { (v, csl) <- parse p cs ;
return (£ v, csl) }) parseChar: :Char -> Parser Char
} parseChar x = parseSat (== x)
instance Applicative Parser where { parseString::String -> Parser String
pure v = Parser (\cs -> return (v, cs)) ; parseString [] = return []
p <*>qgq = parseString (x:xs) = do { parseChar x ;
Parser (\cs -> do { (f, csl) <- parse p cs ; parseString xs ;
(v, cs2) <- parse q csl ; return (x:xs) }
return (£ v, cs2) })
} parseSpace: :Parser ()
parseSpace = do { many (parseSat isSpace) ;
instance Monad Parser where ({ return () }
p >= f =
Parser (\¢s -> do { (v, csl) <- parse p cs ; parseNumber: : Parser Integer
parse (f v) csl }) ; parseNumber = do { parseSpace ;
return x = Parser (\cs -> return (x, cs)) cs <- some (parseSat isDigit) ;
} return (read cs) }
instance Alternative Parser where ({ parseSymbol: :String -> Parser String
empty = Parser (\cs -> Nothing) ; parseSymbol xs = do { parseSpace ;
P <|> g = Parser (\cs -> parse p cs <|> parse g cs) parseString xs }
}
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-- parser for calculator (cont.) - parseExpr: :Parser Integer
parseExpr = parseTerm >>= nextTerm where {
parseFactor: :Parser Integer nextTerm x = do { parseSymbol "+"
parseFactor = parseNumber y <- parseTerm ;
<|> nextTerm (x + y) }
do { parseSymbol “(“ ; <|>
x <- parseExpr ; do { parseSymbol "-" ;
parseSymbol “)” ; y <- parseTerm ;
return x } nextTerm (x - y) }
<|>
parseTerm: : Parser Integer return x
parseTerm = parseFactor >>= nextFactor where { }
nextFactor x = do { parseSymbol "*"
y <- parseFactor ; -- main --
nextFactor (x * y) }
<|> main::I0 ()
do { parseSymbol "/" ; main = getContents >>= putStr
y <- parseFactor ; unlines
nextFactor (x "div’ y) } map (showResult . parse parseExpr)
<|> lines where {
return x showResult (Just (x,[])) = "result = " ++ show x ;
} showResult _ = "error: syntax"
}
% /i_ 15“ i;tack runghc calcmp

result = 3

1 +2* 3 -4/ 5
result = 7

12

error: syntax
1+x-5

error: syntax
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factor ::= number | "(" expr ")" | "-" factor | "+" factor
calcmp.hs

parseFactor: :Parser Integer
parseFactor = parseNumber
<|>
do { parseSymbol “ (% ;
X <- parseExpr ;
parseSymbol “)” ;
return x }
<|>
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- BEEELERCLIICERER T ERLAGIL.
- EREBH(a+bDEE, RBBFIVERMELICBHDERBNDLETY.

data Complex = Complex Integer Integer

o Com%l_g_xEShowBiUNm@?Z0)’(‘/Z’5“JZI:Uﬁi&"l’\. EFRBOMBEE(IRD K524
<Ly .

(a+bi)+(c+di)=(a+c)+(b+ad)i
(a+bi)—(c+di)=(a—c)+(b—-4A)i
(a+bi)x(c+di)=(ac—bd)+ (ad + bc) i

N . .\ _ ac+bd | bc—ad .
(@a+bi)+(c+di) =S —+573

Num®@abs&signumlEdRD K ITEHIZEZLGSL.

complex.hs

data Complex = Complex Integer Integer
instance Show Complex where ({

}

instance Num Complex where {
(Complex a b) + (Complex c d) ...
(Complex a b) * (Complex c d) e
negate (Complex a b) = Complex (-a) (-b) ;
signum (Complex a b) = Complex (signum a) O;
abs (Complex a b) | a < 0 = negate (Complex a b)

| otherwise = Complex a b ;

fromInteger a = Complex a 0

}

main = print $§ Complex 1 2 + Complex 3 4
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factor ::= complex | "(" expr ")" | "+" factor | "-" factor

complex ::= "i" | number "i" | number

- BEEREHOIVEFINunTIEERLTULVGELDT, HOBBELTERT DIV ELHYET.
- complexdiv (Complex a b) (Complex a b) = ..

- parseComplex: :Parser Complex Emabf?ﬁi'ﬁﬁl%/\—xfgéijl LARELY.

- parseExpr IiE DL Parser Integer N6 Parser Complex [CEFELAEELN.

E1741

% stack runghc calcmpi.hs
i*xi

result = -1

1+i

result = 1+11i

5/ (1+21)

result = 1-2i
(2+31i) * (2-31)

result = 13
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