40 0OO0O0O0odood

41 OU0odddooooooooo

ugbobooobobobooboooboobooboboobooboobooboobooobo
goboobooobboooboooboobooobooboboobooboobobooboobon

oobooooboooobooutiocobbooboooobbogoobukcbbgoooobooooDooo
obobobobobobobOoutobobobOobOobOobOobOoD

Expr — Term Exprl
Exprl — +Term Exprl| e
Term — Factor Terml
Terml — * Factor Terml| ¢
Factor — Const| ( Expr)

gogutiocboooooooooboooboogoog

data Expr Add Expr Expr | Mult Expr Expr | Const Value
data Value = Num Integer

gooooooooooooooCoooOoO00go@EUoooo)ooooooooocoooogo
goooogoooooooooogoogogo

data Token = Single Char | Symbol String | Number Integer I

gobgdoogobbogogoooboogooooobbgooond

lexer :: String -> [Token] I

000 lexer "1*(2+3)" O [Number 1, Symbol "*", Single ’(’, Number 2, Symbol "+",
Number 3, Single ’)’]10000000000CO0O@OO0OOOOOOOODOOOOO (state trans-
formenD 000000000 O0OOOOOOOOO)

O411vukio0D000O0 IexerOOOOODO

0o000oobo0o0ooobooooooooa
type MyParser d a = d -> [(a, d)]

unitP :: a -> MyParser d a
unitP a = \ str -> [(a, str)]

bindP :: MyParser d a -> (a -> MyParser d b) -> MyParser d b
m ‘bindP‘ k = \ str -> concat (map (uncurry k) (m str))

gbobodbooobuoobbooobooboogn

000000000000 HaskellDOOOOO-0O40 pa



mplusP :: MyParser d a -> MyParser d a -> MyParser d a --gooooa
ml ‘mplusP‘ m2 = \ str -> ml str ++ m2 str

choiceP :: MyParser d a -> MyParser d a -> MyParser d a -- O0OOQOGO0GO0OO00O
ml ‘choiceP‘ m2 = \ str -> case ml str of
[] -> m2 str

ds -> ds
infixr 1 ‘choiceP®
mzeroP :: MyParser d a -- 00
mzeroP = \ str -> []
check :: (a -> Bool) -> MyParser [a] a -- TokenO O QOGOOOOOGOOO
check p (h:t) = if p h then [(h, t)] else []
check p [] =[]
many :: MyParser d a -> MyParser d [al] -0 oooooao
many m = let g = (m ‘bindP‘ \ x -> q ‘bindP‘ \ xs -> unitP (x:xs))
‘choiceP‘ unitP [] in g
manyl :: MyParser d a -> MyParser d [a] -- 1000oooo

manyl m = m ‘bindP‘ \ x -> many m ‘bindP‘ \ xs -> unitP (x:xs)

gopooutiooDooonoooooooooooo
parseExpr = parseTerm ‘bindP‘ \ t ->
parseExprl ‘bindP‘ \ ts ->

unitP (foldll Add (t:ts))

parseExprl = (check (== Symbol "+") ‘bindP‘ \ _ ->
parseTerm ‘bindP‘ \ t ->
parseExpril ‘bindP‘ \ ts ->
unitP (t:ts))
‘choiceP*
unitP []
parseTerm = parseFactor ‘bindP‘ \ f ->
parseTerml ‘bindP‘ \ fs ->
unitP (foldll Mult (f:fs))
parseTerml = (check (== Symbol "*") ‘bindP‘ \ _ ->
parseFactor ‘bindP‘ \ £ ->
parseTerml ‘bindP‘ \ fs ->
unitP (f:£s))
‘choiceP*
unitP []

parseFactor = (check (\ tok -> case tok of Number _ -> True ; _ -> False)
‘bindP‘ \ (Number n) ->
unitP (Const (Num n)))

‘choiceP*

(check (== Single '(’) ‘bindP‘ \ _ ->

parseExpr ‘bindP‘ \ e ->

check (== Single ’)’) ‘bindP‘ \ _ ->

unitP e)

BNFOOOOOOOOOOOOOOOOOOOOODODOOODOOOoOOoOooOOoDbDooboooooo
goboobooobooboooboobobooboobbooboobobooboobooobbon
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42 J0O0OO0O0ODOOO0ODLDDOOO Parsec

Parse] U D000 0D0O0ODOOO0OO0ODOOOOODOODOOOOOODOODLOOOODODLOOODOO
00000 MyParserl 0000000 0OO0OOParsed OO ODOODOOOOOOOODODODO
ooooO00ooO0o0oooOoooO0ooDbboobOog Parsed DOOODOODOOO

Parsed ] O0OO0O0OO00OO0ODODOOD mportCO0OO0O00O0ODOO

import Text.ParserCombinators.Parsec

gbooboo0dParser 0000000000000 O0O0O0O0OOODOO0O0O0OO0OOO0OO0ODOO

type Parser a = GenParser Char () a

OO0O0O0OGenParser tok st alJ0 tokUDODOODOODOODOODO0O0OOO0OOODOOODOO
Ost0000000000

4.2.1 Text.ParserCombinators.Parsec.Prim

000o000obbooooboooobooogobooOoooOod return, (>>=) 0000 OrunParser,
(<]>), try, token, tokenPrim, (<?>) 00000000000 O0O0O0O Text.ParserCombinators.
Parsec.Prim0 000000000 00O O [ Text.ParserCombinators.Parsec O importd O OO
OO0 import0D OO I

00000000000 dParsed 0000 0OOO Parsec, afast combinator pafsét 0 000 0O O

goo

runParser
:: GenParser tok st a -> st -> FilePath -> [tok] -> Either ParseError a

The most general way to run a pars€runParser p state filePath input) runs
parserp on the input list of tokengnput, obtained from sourcéilePath with the initial

user statest. The filePath is only used in error messages and may be the empty string
Returns either &arseError (Left) or a value of typea (Right).

runParser 0000 0000000000000000000O0

(<|>) :: GenParser tok st a -> GenParser tok st a -> GenParser tok st a
infixr 1 <|>

This combinator implements choice. The parger<|> q) first appliesp. If it succeeds,
the value ofp is returned. If p failsvithout consuming any inpuparserq is tried. This
combinator is defined equal to thelus member of thélonadPlus class.

The parser is called predictive singés only tried when parsgrdidn’t consume any input
(i.e.. the look ahead is 1). This non-backtracking behaviour allows for botlffizrest
implementation of the parser combinators and the generation of good error messages.
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try :: GenParser tok st a -> GenParser tok st a

The parsel(try p) behaves like parser, except that it pretends that it hasn’t consumed
any input when an error occurs.

This combinator is used whenever arbitrary look ahead is needed. Since it pretends that§t
hasn’t consumed any input when p fails, kg >) combinator will try its second alterna-
tive even when the first parser failed while consuming input.

‘O0"bo0bibibo0d«»bb0000oboD«I»bO0oooboooooobOoboOooLon
gbobobooobooobobbooboooboobooboooboobtdtwygooobbboboO
gopoogoo

token :: (tok -> String) -> (tok -> SourcePos) -> (tok -> Maybe a)
-> GenParser tok st a

The parser(token showTok posFromTok testTok) accepts a tokenm with resultx
when the functiontestTok t returnsJust x. The source position of the t should be
returned byposFromTok t and the token can be shown usisigpwTok t.

tokenPrim (tok -> String) -> (SourcePos -> tok -> [tok] -> SourcePos)

-> (tok -> Maybe a) -> GenParser tok st a

The parsertoken showTok nextPos testTok) accepts a token with resultx when
the functiontestTok t returnslust x. The token can be shown usiefowTok t. The
position of the next token should be returned winemtPos is called with the current
source positiomos, the current tokent and the rest of the tokensks, (nextPos pos
t toks).

tokend tokenPrim O OO 00O MyParserd check OO0 O0O0OO0O0OOOOODOO 10000 200
0Jo0o0oddoooooooooooooad

(<?>) :: GenParser tok st a -> String -> GenParser tok st a
infix 0 <7>

The parser(p <?> msg) behaves as parser but whenever the parserfails without
consuming any input, it replaces expect error messages with the expect error messafje
msg.

This is normally used at the end of a set alternatives where we want to return an err
message in terms of a higher level construct rather than returning all possible character

) 00oooooooooooooooobooobooobogooboon

4.2.2 Text.ParserCombinators.Parsec.Combinator

Text.ParserCombinators.Parsec.Combinator 0 000 O000OO00OOOO0OOOOOOOO
O000000D000000000000000000000000000A0 Text.ParserCombinators.
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ParsecO importD 000000 import0 0000000000 OO0ODODOO0OOOOOOODOOOO
Joooooooooono
many :: GenParser tok st a -> GenParser tok st [a]

(many p) applies the parserzeroor more times. Returns a list of the returned values of
p.

manyl :: GenParser tok st a -> GenParser tok st [a]

(many p) applies the parsqr oneor more times. Returns a list of the returned values of
p.

sepBy :: GenParser tok st a -> GenParser tok st sep -> GenParser tok st [al]

(sepBy p sep) parseseroor more occurrences @f, separated bgep. Returns a list
of values returned by.

eof :: Show tok => GenParser tok st ()

This parser only succeeds at the end of the input.

4.2.3 Text.ParserCombinators.Parsec.Char

goobgooobod

type CharParser st a = GenParser Char st a

gboooboobobO0string 000000000000 DODOO0DODOO0O000O0 Text.

ParserCombinators.Parsecd import0 000000 importJ 000000 OD0OODOOOODOO
gono

char :: Char -> CharParser st Char

(char c) parses a single characterReturns the parsed character (ci.

semiColon = char ’;’

string :: String -> CharParser st String

(string s) parses a sequence of characters gives.bReturns the parsed string (i.e.

s).

divOrMod = string "div"
<|> string "mod"
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satisfy :: (Char -> Bool) -> CharParser st Char

The parser(satisfy f) succeeds for any character for which the supplied funcfion
returnsTrue. Returns the character that is actually parsed.

digit
oneOf cs

satisfy isDigit
satisfy (\ ¢ -> ¢ ‘elem‘ cs)

4.2.4 Text.ParserCombinators.Parsec.Expr

googboboboooboobooogoboooobooooboooobobooooobooo
gobobobobobobgobooooboooooooooooooooooooboobobooboo
00000000 Text.ParserCombinators.Parsec0 00 import0O 0000000

gbobgobodgbobooobaodgboogoon
Assoc

This data type specifies the associativity of operators: left, right or none.

data Assoc = AssocNone | AssoclLeft | AssocRight

Operator tok st a

This data type specifies operators that work on values of dygen operator is either bi-
nary infix or unary prefix or postfix. A binary operator has also an associated associativit

data Operator tok st a
= Infix (GenParser tok st (a -> a -> a)) Assoc
| Prefix (GenParser tok st (a -> a))
| Postfix (GenParser tok st (a -> a))

OperatorTable tok st a

An (OperatorTable tok st a) is a list of (Operator tok st a) lists. The listis
ordered in descending precedence. All operators in one list have the same precedence (Qut
may have a dferent associativity).

type OperatorTable tok st a = [[Operator tok st a]]
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buildExpressionParser :: OperatorTable tok st a -> GenParser tok st a
-> GenParser tok st a

(buildExpressionParser table term) builds an expression parser for termsrm

with operators fromtable, taking the associativity and precedence specifiedainl e

into account. Prefix and postfix operators of the same precedence can only occur on
(i.e. --2 is not allowed if- is prefix negate). Prefix and postfix operators of the same
precedence associate to the left (i.e+fis postfix increment, thar2++ equals-1, not

-3).

4.2.5 Text.ParserCombinators.Parsec.Token

YaccO BisonOD OO ODOOODOOODOO0OOOO0OODOODOOODOO LexOOOODOOOODOODOO
00000DO00O0DOO0000000O0D00DO000DOO0bOO0ObOO0ObObOO0O0OParsecl 000000
0000ooDooooooono string 000000000 O0O0O0OODOOO0OOOOOOOOO0O0
0000000000000 0b0b0b0o0O0bO000O00DO0O0OdOText.ParserCombinators.
Parsec.Token 0 000000000 0O0OOOOOOOODOOOOOODOOOOOODOOOOO
Text.ParserCombinators.Parsec 0 00 import0 0 OO0 0COO0O

000000000000000 makeTokenParser [0 00 0O O 0O O O O makeTokenParser [ [ [

LanguageDef stO 00O O0O0OOOO O TokenParser st 0000
TokenParser st

The type of the record that holds lexical parsers that work on character streams with sta
st.

data TokenParser st

= TokenParser{
identifier :: CharParser st String
, reserved :: String -> CharParser st ()
, operator :: CharParser st String
, ... -- 00
}

000000000000 HaskellDOOOOO-0O 40 p.7



LanguageDef st

The LanguageDef type is a record that contains all parameterizable features of the
Text.ParserCombinators.Parsec.Token module.

data LanguageDef st

= LanguageDef

{ commentStart :: String

, commentEnd :: String

, ... -- Q00

, reservedNames :: [String]
, reservedOpNames:: [String]
, caseSensitive :: Bool

}

makeTokenParser ::

LanguageDef st -> TokenParser st

The expression(makeTokenParser language) creates alokenParser record that
contains lexical parsers that are defined using the definitions in the language record.

The use of this function is quite stylized — one imports the appropiate language definition and selects the
lexical parsers that are needed from the resulfivigenParser.
module Main where

import Text.ParserCombinators.Parsec
import qualified Text.ParserCombinators.Parsec.Token as P
import Text.ParserCombinators.Parsec.Language (haskellDef)

-- The parser

expr =  parens expr
<|> identifier
<|> ...
-- The lexer
lexer = P.makeTokenParser haskellDef
parens = P.parens lexer
braces = P.braces lexer
identifier = P.identifier lexer
reserved = P.reserved lexer
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4.2.6 TokenParser 1[0 [

TokenParser 10000000000 000000000000MDO0OO00O0O0O0O0OOOOOMO
whiteSpace :: CharParser st ()

Parses any white space. White space consists of zero or more occurrences of a spage,
a line comment or a block (multi line) comment. Block comments may be nested.
How comments are started and ended is defined irLimguageDef that is passed to
makeTokenParser.

lexeme :: CharParser st a -> CharParser st a

(lexeme p) first applies parsep and than thevhiteSpace parser, returning the value
of p. Every lexical token (lexeme) is defined usihgxeme, this way every parse starts
at a point without white space. Parsers that lseeme are calledexemeparsers in this
document.

The only point where th@hiteSpace parser should be called explicitly is the start of the main parser in
order to skip any leading white space.

mainParser = do{ whiteSpace
; ds <- many (lexeme digit)
; eof
; return (sum ds)

}

symbol :: String -> CharParser st String

Lexeme parse(symbol s) parse(string s) and skips trailing white space.

parens :: CharParser st a -> CharParser st a

Lexeme parsefparens p) parse® enclosed in parenthesis, returning the value.oit
can be defined as:

parens p = between (symbol "(") (symbol ")") p

identifier :: CharParser st String

This lexeme parser parses a legal identifier. Returns the identifier string. This pars
will fail on identifiers that are reserved words. Legal identifier (start) characters and re
served words are defined in thanguageDef that is passed tmakeTokenParser. An

identifier is treated as a single token usitgy.

reserved :: String -> CharParser st String

The lexeme parsdireserved name) parsessymbol name), but it also checks that the
name is not a prefix of a valid identifier. Areserved word is treated as a single token
usingtry.
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0 4.2.1 Tiny C (ttp://www.watalab.cs.uec.ac.jp/tinyCdoc.txt)0 COOOOOOOOOOO
0000oooooooooooooooooo  TinyCOODOOBNFOOOOOOOOOOOOODO
O000OdTnyCOOOODOOODODOOOOO

OBNFOOOOODOOOoDOoooooooooom

Program — ExternalDeclaration | ExternalDeclaration Program
ExternalDeclaration — FunctionDef | FunctionDecl | VariableDecl
FunctionDef — FunctionDeclarator Block

FunctionDecl — FunctionDeclarator “;”

FunctionDeclarator — TypeName FuncName “(” ParamList “)”

ParamList — TypeName NameSpec ParamListTail | &
ParamListTail— “,” TypeName NameSpec ParamListTail | ¢
NameSpec — Id | Id “[" IntConstant “]”
VariableDecl — TypeName NameSpec NameListTail “;”
NameListTail — “,” NameSpec NameListTail | ¢
Block — “" StatementSeq
StatementSeq — Statement | Statement StatementSeq | &
Statement —

Variable “=" Expression “;”

| “if” “ (" ConditionExp “)” Statement ElsePart
| “while” “ (" ConditionExp “)” Statement

" ow N

| FuncName “ (" ExpressionList “) ;

ConditionExp —

| Block | “return” “;”
ElsePart — “else” Statement | &
ExpressionList — Expression ExplListTail | &
ExpListTail — “,” Expression ExplListTail | &
Expression — SignPart Term ExpTail
ExpTail — AddSub Term ExpTail | ¢
Term — Factor TermTail
TermTail — MultDiv Factor TermTail | ¢
Factor — IntConstant | Variable | “(” Expression “)”
Variable — Id SubscriptPart
SubscriptPart— “[” Expression “]” | &

Expression CompOperator Expression

CompOperator — “==" | “1=" | “>" | “>=" | “<=" | “<

AddSub B S

MultDiv — |

SignPart — 7] T e

FuncName — Id

TypeName - “int” | “void”

Id — Alpha IdTail

IntConstant — Digit ConstTail

IdTail — Alpha IdTail | Digit IdTail | &

Alpha H ‘a’! | 13 b” | 13 C” | 13 d” | 13 e” | 13 f” | Hg” | “h” | 13 i" | 13 J'H | 13 k,l | 13 1” | Hm’! |
13 n,l | 13 o” | “ p’! | “ q” | 13 r” | 13 SH | 13 t” | 13 u” | 13 VH | 13 WH | 13 XH | 13 y,l | 13 ZH |
13 A” | 13 B” | o CH | 13 D” | 13 EH | 13 F” | 13 GH | HH” | 13 I” | 13 JH | HKH | 13 L” | 13 M” |
13 NH | 13 OH | o PH | o Q” | 13 RH | 13 S” | 13 TH | 13 U” | 13 VH | 13 WH | 13 xH | 13 'Y'H | 13 ZH

Digit H A‘®H |H 1” Il(2!1 IH 3!1 |H4” IH 5” |(l6” |“71’ |H81’ |ll91’

ConstTail — Digit C il |
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