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And now, let the wild rumpus start!
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Parser Combinators

Lets write lots of high-level operators to combine parsers!

Here’s a cleaned up pairP

pairP :: Parser a -> Parser b -> Parser (a, b)
pairP aP bP = do

a <- aP

b <- bP

return (a, b)
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A Failure Parser
Surprisingly useful, always fails
e ie.returns [] no successful parses

failP :: Parser a
fatlp = P (\_ -> [])
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QUIZ

Consider the parser

satP :: (Char -> Bool) -> Parser Char
satP p = do

c <- oneChar

if p c then return c else failP

What is the value of
quizl = runParser (satP (\c -> c == 'h')) "hellow"
quiz2 = runParser (satP (\c -> c == 'h')) "yellow"
quizil quiz2
A [] []
B [(Ihl’ lle'L'Lowll)] [(lyl, lle'L'Lowll)]
C [(Ihl’ lle'l.'l'owu)] []
D [1 [Cy', "ellow")]
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Parsing Alphabets and Numerics

We can now use satP to write
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-- parse ONLY the Char c
char :: Parser Char
char ¢ = satP (\¢' -> c == ¢')

-- parse ANY ALPHABET
alphaCharP :: Parser Char
alphaCharP = satP isAlpha

-- parse ANY NUMERIC DIGIT
digitChar :: Parser Char
digitChar = satP isDigit
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QUIZ

We can parse a single Int digit

digitInt :: Parser Int
digitInt = do

c <- digitChar -- parse the Char c
return (read [c]) -- convert Char to Int
What is the result of
quizl = runParser digitInt "92"
quiz2 = runParser digitInt "cat"
quizi quiz2
A [] []
B [('9" IIZII)] [(lcl’ llatl|)]
C [(9, "2")] []
D [1 [C'c', "at")]
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EXERCISE

Write a function

strP :: String -> Parser String
strP s = -- parses EXACTLY the String s and nothing else

when you are done, we should get the following behavior

>>> dogeP = strP "doge"

>>> runParser dogeP "dogerel"
[(Udogell, ||re'Lll)]

>>> runParser dogeP "doggoneit"

[]
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QUIZ: A Choice Combinator

Lets write a combinator orElse p1 p2 such that
e returns the results of p1
or, else if those are empty

o returns the results of p2

:: Parser a -> Parser a -> Parser a
chooseP p1 p2 = -- produce non-empty results of “p1’
-- or-else results of ‘p2°

e.g. chooseP lets us build a parser that produces an alphabet OR a numeric character
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alphaNumChar :: Parser Char
alphaNumChar = alphaChar ‘orElse’ digitChar

Which should produce

>>> runParser alphaNumChar "cat"

[, "at™)]

>>> runParser alphaNumChar "2cat"
[(IZI, "Cat")]

>>> runParser alphaNumChar "230"
[(Izl, II30H)]
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--a
orElse p1 p2 = do xs <- pil

ys <- p2
return (x1 ++ x2)
-- b
orElse p1 p2 = do xs <- pil
case xs of
[] ->p2

-> return Xxs

--C
orElse p1 p2 = P (\cs -> runParser pl cs ++ runParser p2 cs)

--d

orElse p1 p2 = P (\cs -> case runParser pl cs of
[] -> runParser p2 cs
ris -> ris)
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An “Operator” for orElse

It will be convenient to have a short “operator” for orElse

pl <|> p2 = orElse pl p2

A Simple Expression Parser
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Now, lets write a tiny calculator! da/la’

-- 1. First, parse the operator
intOp :: Parser (Int -> Int -> Int)

intOp = plus <|> minus <|> times <|> divide
where
plus =do { _ <- char '+'; return (+) }
minus =do { _ <- char '-'; return (-) }
times =do { _ <- char '*'; return (*) }
divide = do { _ <- char '/'; return div }

-- 2. Now parse the expression!
calc :: Parser Int
calc = do x <- digitInt

op <- intOp

y <- digitlInt

return (x “op’ vy)

When calc isrun, it will both parse and calculate
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>>> runParser calc "8/2"

[(4,"")]

>>> runParser calc "8+2cat"
[(10,"cat")]

>>> runParser calc "8/2cat"
[(4,"cat")]

>>> runParser calc "8-2cat"
[(6,"cat")]

>>> runParser calc "8*2cat"
[(16,"cat")]

QUIZ

What will quiz evaluate to?
quiz = runParser calc "99bottles"

A. Type error

B. []
C. [(9, "9bottles")]
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D. [(99, "bottles")]

E. Run-time exception

Next: Recursive Parsing

Its cool to parse individual Char ...

... but way more interesting to parse recursive structures!

"((2 +10) * (7 - 4)) * (5+2)"
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EXERCISE: A “Recursive” String Parser

The parser string s parses exactly the string s - fails otherwise

>>> runParser (string "mic") "mickeyMouse"

[("mic","keyMouse")]

>>> runParser (string "mic") "donald duck"

[]

Here’s an implementation

string :: String -> Parser String

string = return ""
string (c:cs) = do { _ <- char c; _ <- string cs; return (c:cs) }

https://ucsd-cse230.github.io/sp20/lectures/12-parsers.html 41/61



5/27/2020 cse230

Which library function will eliminate the recursion from string ?

QUIZ: Parsing Many Times

Often we want to repeat parsing some object

-- | “manyP p' repeatedly runs ‘p’ to return a list of [a]

manyP :: Parser a -> Parser [a]
manyP p = m0 <|> ml
where
m0 = return []
ml = do { x <- p; xs <- manyP p; return (x:xs) }
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Recall digitChar :: Parser Char returned asingle numeric Char

What will quiz evaluate to?
quiz = runParser (manyP digitChar) "123horse"

A. [("" , "1234horse")] B. [("1" , "234horse")] C. [("1", "23horse"), ("12", "3horse"), ("123",
"horse")] D. [("123", "horse")] E. []

J’Oti(“'/‘e/" \¢ — (]
2 b 3= \s =L, 5)J

Lets fix manyP!

Run p firstand only return [] ifitfails...
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-- | ‘manyP p° repeatedly runs ‘p° to return a list of [a]
manyP :: Parser a -> Parser [a]

manyP p = m1 <|> mO
where
m0 = return []
ml = do { x <- p; xs <- manyP p; return (x:xs) }

now, we can write an Int parser as

int :: Parser Int
int = do { xs <- manyP digitChar; return (read xs) }

which will produce

>>> runParser oneChar "123horse"
[("123", "horse")]

>>> runParser int "123horse"
[(123, "horse")]

Parsing Arithmetic Expressions

Now we can build a proper calculator!

IO
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calcO :: Parser Int

calco = bj <|>@ bi”ex‘e

—

int :: Parser Int /
int = do g -

xs <- many digitChar ‘ - .‘n"’ ,‘”hp

return (read xs)

0
© 4 infdp
nt .
binExp :: Parser Int . 'ﬂ\’
binExp = do /( 7
X <- int

T’-
0 10-5-@

return (x ‘o' vy)
Works pretty well!

>>> runParser calcO "11+22+33"

[(66,"")]

ghci> doParse calcO "11+22-33"
[ (0 s nn ) ]

QUIZ
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What does quiz evaluate to?

quiz = runParser calc@® "10-5-5"

A. [(6, "")]
B. []
C. [(10, "")]

D. [(16, "-5-5")]

E. [(5, "-5")]

Problem: Right-Associativity
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Recall

binExp :: Parser Int

binExp = do
X <- int
o <- intOp
y <- calcO

return (x "o" vy)

"10-5-5" getsparsedas 10 - (5 - 5) because
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The calcO parser implicitly forces each operator to be right associative

e doesn’t matter for +, *

e butisincorrect for -

QUIZ

Recall
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binExp :: Parser Int

binExp = do
X <- int /‘\
o <- intOp

y <- calco . o n > n}o nq

return (x ‘o’ vy)

What does quiz get evaluated to?
(n. 3 n.)f Ny

quiz = runParser calcO® "10*2+100"

A. [(1020,"")] B. [(120,"")] C. [(120,""), (1020, "")] D. [(1020,""), (120, "")] E. []
[-As50C ik =P
prec \  Gox gz

(02

- /IN (‘O'9§

[0 X2 +1D0
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The calcO parser implicitly forces all operators to be right associative

e doesn’t matter for +, *
e butisincorrect for -

« does not respect precedence!

Simple Fix: Parentheses!

Lets write a combinator that parses something within (...)

parensP :: Parser a -> Parser a

parensP p = do

_ <- char '('
X <- p

_ <- char ")
return x
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now we can try

calcl :: Parser Int
calcl = parens binExp <|> int

now the original string wont even parse

>>> runParser calcl "10-5-5"

[]

but we can add parentheses to get the right result

>>> runParser calcl "((10-5)-5)"
(6 ,"")]

>>> runParser calcl "(10-(5-5))"

[(1e ,"")]

>>> runParser calcl "((10*2)+100)"
[(120, "")]

>>> runParser calcl "(10*(2+100))"
[(1020, "")]
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Left Associativity

But how to make the parser left associative
e ie.parse “10-5-5"as (10 - 5) - 57

Lets flip the order!
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calc1 :: Parser Int
calcl = binExp <|> onelnt

binExp :: Parser Int

binExp = do
X <- calcl
o <- intOp
y <- int

return (x ‘o’ vy)
But ...

>>> runParser calcl "2+2"

Infinite loop! calcl --> binExp --> calcl --> binExp --> ...

o without consuming any input :-(
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Solution: Parsing with Multiple Levels

Any expression is a sum-of-products

10 * 20 * 30 + 40 * 50 + 60 * 70 * 80
=>

((((10 * 20) * 30) + (40 * 50)) + ((60 * 70) * 80))
=>

((((base * base) * base) + (base * base)) + ((base * base) * base))
=>

(((prod * base) + prod) + (prod * base))
=>

((prod + prod) + prod)
=>

(sum + prod)
=>

sum

expr

https://ucsd-cse230.github.io/sp20/lectures/12-parsers.html 55/61



5/27/2020 cse230

Parsing with Multiple Levels

Solets layer our language as

expr :==/sum
sum :== (((prod [+# prod) "+" prod) "+" ... "+" prod)
prod :== (((base {*) base) "*" base) "*" ... "*" base)

base :== "(" expr ")" ORELSEAnt

thatds the reetirsion looks like

expr = sum

sum = oneOrMore prod "+"
prod = oneOrMore base "*"
base = "(" expr ")" <|> int
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No infinite loop!
e expr --> prod --> base -->* expr

e butlast step -->* consumesa (

Parsing oneOrMore
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Lets implement oneOrMore vP oP asacombinator = VP parses asingle a value - oP parses an operator a -> a

-> a - oneOrMore vP oP and returns the result ((vl o v2) o v3) ov4) o ... o vn)

But how?

1. grab the first v1 using vP

2. continue by&

o ‘either trying oP then v2 ../and recursively continue with v1 o v2

o orElse (nomore o) just/return vi

oneOrMore :: Parser a -> Parser (a ->_3a -> Parser a

oneOrMore vP oP = do {v1l <- vP;
l—- {v1l <- vP;

where

continue vl = do { o <- oP; v2 <- vP{ continue (vl "o v2))}
e —

<|> return vi
0 KpY bex?
c‘:“m P/( .\QxP
\ o e

)

/D 4'2*5‘ )("k'l>2'
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Implementing Layered Parser

Now we can implement the grammar

expr = sum

sum = oneOrMore prod "+"
prod = oneOrMore base "*"
base = "(" expr ")" <|> int

simply as

expr = sum

sum = oneOrMore prod addOp

prod = oneOrMore base mulOp

base = parens expr <|> int

where addOp is + or - and mulOp is * or /
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addOp, mulOp :: Parser (Int -> Int -> Int)
addOp = constP "+" (+) <|> constP "-" (-)
mulOp = constP "*" (*) <|> constP "/" div

constP :: String -> a -> Parser a

constP s x = do { _ <- string s; return x }

Lets make sure it works!

>>> doParse sumE2 "10-1-1"

[(8,""]

>>> doParse sumE2 "10*2+1"

[(21,"")]

>>> doParse sumE2 "10+2*1"

[(12,"")]
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Parser combinators
That was a taste of Parser Combinators
» Transferred from Haskell to many other languages (http://www.haskell.org/haskellwiki/Parsec).

Many libraries including Parsec (http://www.haskell.org/haskellwiki/Parsec) used in your homework -

oneOrMore iscalled chainl

Read more about the theory - in these recent (http://www.cse.chalmers.se/~nad/publications/danielsson-parser-
combinators.html) papers (http://portal.acm.org/citation.cfm?doid=1706299.1706347)

Read more about the practice - in this recent post that I like JSON parsing from scratch
(https://abhinavsarkar.net/posts/json-parsing-from-scratch-in-haskell/)

(https://ucsd-cse230.github.io/sp20/feed.xml) (https://twitter.com/ranjitjhala)
(https://plus.google.com/u/0/104385825850161331469) (https://github.com/ranjitjhala)

Generated by Hakyll (http://jaspervdj.be/hakyll), template by Armin Ronacher (http://lucumr.pocoo.org),
suggest improvements here (https://github.com/ucsd-progsys/liquidhaskell-blog/).
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