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Implementation of Nondeterministic Compiler Using Monad
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Abstract

We discuss the implementation of a compiler for an imperative programming language, using
monad in Haskell. This compiler involves a recursive-descent parser conducting nondeterministic
parsing, in which backtracking occurs to try with other rules when the application of a production
rule fails to parse an input string. Haskell has some strong facilities for parsing. Its algebraic
types represent abstract syntax trees in a smooth way, and program codes by monad parsing are
so concise that they are highly readable and code size is reduced significantly, comparing with
other languages. We also deal with the runtime environment of the assembler and code generation
whose target is the Stack-Assembly language based on a stack machine.
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3. Type Constructor

=S Aolsly] HsiMe WA A4t mel AgEE g
9 742K type constructor) S <] 5H°]E aﬁ} mles 9
& By AR WA st o] RIFE TFA ok gt
& £°], data Maybe a = Just a | Nothing & % <]5]
£ Maybee B9 a& A= ZHe HY ?L/“Z}O]D} Just

T3 B aE AFE Zted, 2% Yo MR
ole] FAA}(data constructor)@m HEr} FAA=

NothingA® Q155 28] &2 & vt

4. ZLIE H9|

Haskell9] 2 2AE overloaded 32 F-dste e
2A, BUE e oy a8 13 Ze] Fela2A 385
Utk o] FHaE F el e elE return ))= (1}l
D)E s stk

class Monad m where

return :fa-)ma
M=) ‘‘ma-(@-)mb ->mb
O 1. 2= Zeiaet 2uE{olg
Fig. 1. Monad Class and Operators
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instance Monad Maybe where
return a = Just a
x »=1f = case x of
Justa-)fa
Nothing - Nothing
2| 2. Maybe 2LIES| Mo
Fig. 2. Definition of Maybe Monad

2 MaybeE A43 ts] &8 F 7K ez
A3 Ao 2A, addME
Byzrt ot

add :: Maybe Int -) Maybe Int -) Maybe Int
add Nothing _ = Nothing

add _ Nothing = Nothing

add (Just x) (Just y) = Just (x+y)

addM :: Maybe Int -») Maybe Int =) Maybe Int
addM xy =
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newtype Parser a =

ol tig Bty Parsere theA® godrt.
P (String -) [(a,String)))
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instance Monad Parser where
return v = P (xinp =) ((v,inp)))
pw=f = P (\inp-
case parse p inp of
0 -0
((v,out)) -) parse (f v) out)

program 1= stmntSeq
stmntSeq = stmnt | stmnt ;" stmntSeq
stmnt = identifier ":=" aExp

| “skip”

|"if” bool “then” stmntSeq “else” stmntSeq
| "while” bool "do” stmntSeq

[ {" stmntSeq '}’
aExp 1= term | aExp '+ aExp
| aExp - aExp
term ::= factor | term * term | term "/ term
factor ::= Number | Identifier | '(" aExp ")’
bExp ::= bTer | bExp "&&" bExp
bTer ::= "true” | "false” | aExp ‘=" aExp

| aExp (=" aExp | aExp " aExp
| 1" bExp | "(" bExp )
a2l 4. While ¢10] 24
Fig. 4. Grammar of While Language
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Fig. 3. Definition of Parser Monad
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While dolE €9 #4128k 713l defo] MY ool

X =4,
y =1
while !(x
yi=y*
X 1= X
)

)do{
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J%l 5. While 210{e] H=R|d 3T of
Fig. 5. Example of Factorial in While Language
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program ::= stmntSeq

stmntSeq ::= stmnt { ;" stmnt}

stmnt ©i= identifier ":=" aExp
| “skip”

| “if” bool "then” stmntSeq “else” stmntSeq
| “while” bool "do” stmntSeq

[ "{" strntSeq '}’
aExp ::=term ("+" aExp | - aExp | empty)
term ::= factor (™ term | /' term | empty)
factor ::= (" aExp ")’ | number | identifier
bExp ::= bTer ("&&" bExp | empty)
bTer ::= "true” | “false” | aExp ‘=" aExp
| aExp (=" aExp | aExp ")’ aExp
| 1" bExp | “(" bExp )’
T2l 6. While 210{ 2ol Chst EBNF
Fig. 6. EBNF for While Language
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data Aexp = N Int | V String
| Add Aexp Aexp | Sub Aexp Aexp
| Mult Aexp Aexp | Div Aexp Aexp
O% 7. Aexp EfY: tk=Alof| chist chea Bl
Fig. 7. Aexp: Algebraic Type for Arithmetic Expression
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UE7Hempty?] 45, ol A&slo ‘+ 1} = B 2
3= 93 TR T aExpS 9HgCL 9 At 3
FTEEDEPE (aExp :: Parser Aexp)9 EYlez ¥y

"} o] X E BUEE o|8st] et o] IHE &
A
akExp :: Parser Aexp
alxp = do
{t (- term:
do {symbol "+”; e {- aExp: return (Add t e)}
+++
do {symbol "~"; e (- aExp; return (Sub t e)}
+++
return t
}
symbol#} (+++)& (2)elA o= ﬂ"iﬁ, symbol
L Folzl 2EHS Pk, (+++)E F (M=
) Zel e Fdse Ve ‘ih’)r. dE o A
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program :: Parser Stm
program = stmntSeq

stmntSeq :: Parser Stm
stmntSeq = dof{ stm ¢~ stmnt
; dof symbol “;”

; stms (- stmntSeq
; return (Comp stm stms)
}
+++ return stm
}
stmnt :: Parser Stm
stmnt = dof{ stmBlock +++ assignStm
+++ skipStm +++ ifStm +++ whileStm}

assignStm :: Parser Stm
assignStm = dof idfr <{- identifier
5 symbol "1 ="
;e (- aExp
; return (Ass idfr e)
}
skipStm :: Parser Stm

skipStm = do{ symbol “skip”; return Skip }

ifStm :: Parser Stm

ifStm = dof{ symbol "if”
; be (- bExp
; symbol "then”
; stmseql (- stmntSeq
; symbol “else”
; stmseq?2 (- stmntSeq
; return (If be stmseqg1 stmseqg?2)
}
whileStm :: Parser Stm
whileStm = do{ symbol “while”
; be (- bExp
; symbol “do”
; stmseq <~ stmntSeq
; return (While be stmsea)
}
stmBlock :: Parser Stm
stmBlock = dof{ symbol "{"
; stms (- stmntSeq
; symbol "}
; return stms
}

2| 8. ZLe T 3
Fig. 8. Coding Monadic Parser
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(Ass idfr )& THE0] 3t} ThE E4EE G By
o2 IQEE £ 5 Ut

B e e =
A=

=

4. parse &=
3¢ parses (2)9] Fol=o} 2t

parse :: Parser a -) String -) ((a,String)]
parse (P p) inp = p inp
parse St A9} JE AEFS QIR Wolx dAE

98 2EFo| HEA7)= 7eS 3t oE B9, parse
aExp 1+2=3" & 331A, A2 "1+2'= aExp= 34
o] (Add (N 1) (N 2)& 4A9t 7|2 =+ aExpdl] 9
e FE  glonz =32 ER] e A ol 1)
Je] A= ((Add (N 1) (N 2), “=3"] o] "t} While
Aojo] A2 AE U9 program| B2 T2 A= (AE
&) progCode® 3HJ& W= (parse program progCode)
£ 35 At
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1. Stack Machine®} Stack-Assembly

AHupde]o oJsia APEE EHase) HYsE
de] WA (3, Chapter 2)°ll 2708 28] BjAlojx] F2
Stack-Assembly 1ofo|t}, o] 4 WAl oL =
£ Agshs R, oS FIYsHA F AYE A
3 Aakelr] 93 A4k 28 (evaluation stack), 28]1L
Fob ad vRkldg ¥ gk ARshe AE ElolE(symbol
table) 24 FAE] Utk RE dske 2Elda 8w
29 Qlake v me]9] topollA] o] RN B vRE]e] Fi
(address) 715 7Hd #avt glo] 54 A7t wi§- 1+2
g E7go] itk

o] 28] o] Ee] Aol § QBB & ofn] P AFellA
TSR (4), A7IMe 2= A4 AHE T2 e
& kel aditt, 19l 9 o4l EE] HEole] dRET} ~
g Al glo]E(Symtab)e] A3 #EE& el

ol gy
5 2T S

type Prog = (Code)
data Code = Push Int | Plus | Mult | Gt

| Rvalue Name | Lvalue Name | Assgn

| Lab Int | Goto Int | GoFalse Int
type Stack = (Int)
type Symtab = ((String, Value))

T2 9. Haskell2 FEsHEl Stack-Assembly ¢104

Fig. 9. Haskell Definition of Stack Assembly Language

Tde] HelE 93l False thal 0, True WAl 12 F&3t
B, GtE Fdske A4 )= O Int -) Int -) Int)9]
ERRlS geth BE iRlE] Al 2EoA dAlehs
o, 28 Aiks & o FAJH R 2ElofA Popo] TAEITE

(2) ¥71(Branch) &<} I3k bl A4
220 et oE 53 29O Z jumpE FH3h= BH

24 Goto®} GoFalse’t AT}, B3 JumpE $l3AE
E4 1Al tigk epdl Ao Ao BR o] F &l (Lab
Int) HEolE AHEgIT) o] PSS A2 FEEofof t
2 ARJAFE o83k (Lab 1), (Lab 2) 522 @Y,
A2E 2Hd A5 E A7) 98 7h&H (counter) 7155 “JH
=gt tick TR FASIATHA).

(3) Symbol Table?] 7@

ey Adojo| A Wge ghe FH o= RigslH, o] 7id
of FEL 913 A Bl E(Symtabo & F&)o] B a3
A}, Al 7] Lvalue, Rvalue, Assgn©] H4E $lal] A}
SHY WG @R A% Yo B399 1 o)9e] A
ol n7k 2, A 98 Lvalue, 42 913l
Rvalue, 18|31 W49 gk dstAY ddlo|Eap] 913
Assgn HH7} AHEETE Rvalue® SymtabellA] Foi3
W] i3k e 9o 21 Assgne FoiFl W9 e
Symtabell M2 F53FAY ow] EAlsks A 1 = Al
oz ulo|Eg)

(4) Z= A I s2a
s2ay FATRED Y 3L Stack-AssemblyZ WY
3k 715 S 3

s2a @ Stm -) State Int String

s2a (Ass v aex) = return $ " Ivalue " ++ v
s2a (While be stm)

= do { test ¢ tick

o let str1 =" label ” ++ show test

; let str2 = bexp2ass be — test codes
; out ¢~ tick

; let str3 = ” gofalse ” ++ show out

; strd (- s2a stm  — body of while
i let strb = " goto ” ++ show test
; let str6 = " label ” ++ show out
— Label for the next of while stmnt
©return (str1++str2++str3++strd++strb++str6)
)

O3 10, 3= MY B
Fig. 10. A Function for Code Generation

a7 102 2 oA EF while w9 W 3HS
WolFm i}, 23 5ol A7)H 418 A4HE While 22
a3 ol a¥ 113 22 Stack-Assembly H#HZ M
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1 Lvalue X’ 13 Lvalue Y’
2 Push 4 14 Rvalue Y’
3 Assgn 15 Rvalue “X’
4 Lvalue Y 16 Mult

5 Push 1 17 Assgn
6 Assgn 18 Lvalue x
7 Label 0 19 Rvalue “X’
8 Rvalue X’ 20 Push 1
9 Push 1 21 Minus
10 Eq 22 Assgn
" Not 23 Goto 0
12 GoFalse 1 24 Label 1

T3] 11, 4] Z2730| F= AN of
Fig. 11. Example of Code Generation of 4! Program
Code

a9 119 1~3& x 1= 4 %, 4~6& y :=1 &%,
7~232 while ¥4 HM9g Aelch. 249] Label
Whiled] ths &4 Al A4XE F8a] 93 AH8€rt
While 2789 ¥9& A2} & &2 Labelo] A =&
dl, 371X 27} Label 09} Label 10] A1 =|S]t}. Whlle
Fe o] wEHE B Zzado] WM s %
Goto 07} 3=, 221-& WHEalA] &2 = While —r"ﬂ
A Blojur] 8l GoFalse 15 435t/ Htt, o] Mo mat
a7 109 s2a0 E&EE Ut

o

fr
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F= g RS Bejslo) s FETHE QlE el Ao
2 E{]/\Eg}._‘: =R E ]

Avdels @
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