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Specification

1.1) Regular expression

[

a A a cal vo v W ¢ & P &
uu2fa Wenasanlangflasuaznuindyanualnie word MU token w1zl
1) Reserved word ¢4l do, ifelse, def, print

v

2) Comparator m‘ﬁ === > < >= <=
3) Math operation, Assignment éﬁﬂf =+, - %/
4) Open parentheses A9 (
5) Close parentheses 79 )
fatu token Buf wonwileann token wwzdaduAe
6) Identifier A Foshuuswiede function i n, abgc, a0, fac

7) Number fa #awav 1wu 123, 0, 59

a v Y =Y Yo . 2 o A
INLUIANTIIAUTILANIAUA regular expression BaNNLTUAIL

letter =la-zA-Z]

digit =[0-9]

identifier = letter ( letter | digit )~
number = digit *

open parentheses = (()

close parentheses  =())

reserved word ifelse = ( ifelse )
reserved word do =(do)
reserved word def = (def)

reserved word print = ( print )



operation =(=]+]-|*|/)

comparator =(==|1=]|>|<|>=]|<=)

Tokens wagf19819 lexeme Tun1wnil

Tokens Lexemes
identifier n, temp, var, x1
number 1, 555, 489
open parentheses (
close parentheses )
reserved word ifelse Ifelse
reserved word do do
reserved word def def
reserved word print print
operation = +,7%/
comparator ==, 1=, > <, >=, <=

1.2) Context-free srammar

(%

wwafa WeRiasanterinunvedandisliveasudail

(%
LYY

1) Code maammwgmmqnﬂu function lagazdn function Al FauIsau1saLTeu

[

grammar lagall
S -> DEF S | lambda
Tnedi S 18 start symbol waz DEF 18U nonterminal #ideds grammar Tun1sa$ns function

2) N198373 function UUILLTNATE terminal 69l (, def, identifier naa1nlagniune
parameter ¥84 function lngagunume nonterminal ¥8 FORMAL wagdiuvasyamdslunisinny
du9 lneazunusig nonterminal ¥ SEQ wagausiy terminal ) fatuavasnsafowdu grammar

Y

J

be

—

DEF -> (def iden FORMAL SEQ)



3) @ parameter U84 function #se FORMAL Wuanansaduls 2 nsdlfe fdvselad

parameter Fan3eiNlill parameter AgnileueIg terminal () wazludiunil parameter avuny

[

A8 terminal iden AINUIEINITOLTLY grammar Bnu AR
FORMAL -> () | iden

4) druvesmdgnunusae SEQ laaa1deniag fatuisaidulule azsileueglugy
nonterminal %138 terminal laadsl DO kNUN1SES19AET do, ASM WNUNISLNUAIRILUTUTBA15YN
math operation 1149, EQ LNUANEY compare #1499, IF LNUANE ifelse, PR WnuUA&S print Wag

number LNUFILATAINE) FLFAaz nonterminal AEABILTUAUAIY terminal ( AIUUTIAINITOLTYUY

[

grammar léj@ﬂﬁl
SEQ -> (DO | (ASM | (EQ | (IF | (PR | number

5) N158319A18% do HUuILTUT terminal do wagmumeyar1aswine lalaeagdesdogns

[%
&Y

Y8 1 A& satiuTawenaanidu nonterminal D iasuUTEAUINALTNUDEITDE 1 AN LAZNITAU

'
[ [

YAAda do FzApsauil terminal ) fetiuanunsaliowdu grammar sl
DO -> do SEQ D
D->SEQD|)

6) NSASAFINTUNUAIRILUTUSBNNTYN math operation Agi3UME terminal op FeAfe

token operation 911 regular expression wazaunIg A1dlAY NALANTUFIAITIgNUNUAIY

Y

nonterminal ¥ INT wazgATNEzIUME terminal ) fsdudsanunsalemdy grammar 1asadl
ASM -> op INT INT)

7) nsadeAdnussulfisunie compare M99 a8L3uf terminal cmp @9AAe token

comparator 910 regular expression wagauAIy Adalag NAuANTuAIaITIgNUNUAIEY

[

. N v Y . v & e = I3 vo &
nonterminal ¥® INT LazdANIgzaAuUAIE terminal ) AUURIA IO EULTY grammarl@mu
EQ -> cmp INT INT)

8) N13a¥19AdY ifelse azLTudl terminal ifelse wagn1uaiauly lngasgnununiy

' '
[ |

nonterminal EQ LLawmﬁ’wﬁﬂﬁ’la 7149 Tu then clause wag else clause %Q%Qmmuéf’w

1Y

nonterminal SEQ Y13 wazlavinese terminal ) feliudadewidu srammar ladisil



IF -> ifelse EQ SEQ SEQ)

9) AMFAS9ANES print 9815u7 terminal print uazauseAdlag NAuAndufavnazln

el terminal ) Aeiudsanansalowdu grammar lanail
PR -> print INT)

10) n13i3enldau function AwL3uRUAIETD function NABIN1TALSENTTNU Feasgnilu

o PP i o

WNUMIY terminal iden wazmuAlgAdslag NauAndudiaswaslanienie terminal ) Aatiuda

[

anansadeudu grammar gl

FUNC -> iden INT)

'
o

11) Ardenauadudnavlawn n1swnual, n1sisenldaru function F9AA® nonterminal
ASM way FUNC $99@aa5udusie terminal ( 4ana1nil terminal iden kag number AlANG2LAY

v

WU AaudeEunsaleu grammar lagadl

INT -> (ASM | (FUNC | iden | number

[

ndoazuineiuisanunsodnuleuaguidu context-free srammar leigisil

S -> DEF S | lambda

DEF -> (def iden FORMAL SEQ)

FORMAL -> () | iden

SEQ -> (DO | (ASM | (EQ | (IF | (PR | number
DO ->do SEQ D

D ->SEQD|)

ASM -> op INT INT)

EQ -> cmp INT INT)

IF -> ifelse EQ SEQ SEQ)

PR -> print INT)

FUNC -> iden INT)



INT

-> (ASM | (FUNC | iden | number

Parser

2.1) Scanner

Y

#anN13 dane3fudmsulusunsuiion scanner duansadwuniiudunouaUlansil
1) Scanner 9¥81u input character iazfaluizoss AWIUATUNNGI

2) Character fi81udunusiaziiuaziiluinsangirdilonadu lexeme vo4 token 8w

Plafle identifier 138 number w3aly

2.1) winillen1anazidu lexeme vo9 token Asnananagyinnseuminliizess au
o A

AsUASINUAITILIU lexeme m5eiU token Wue Aazulas lexeme Wulmidusiaves token

LNOLATENAINTUATIVEDU grammar

2.2) mnliflanansoluidu lexeme U84 token Wia1tUAIEATIVEBUINAILNTODIY
lexeme ¥04 identifier ¥3® number lausald nnatursaidulsfazudas lexeme waniju
Juswaves token usdmnldaunsaduld Scanner azilos Syntax error wagngalusunsy

Ly

=
Un

Inglusunsudmsuvimtihdiilu Scanner dmsu Compiler Nignidisuauainudnnis

%ﬁdﬁuﬁagﬂﬂv\lﬁ% ScannerCompiler.java

10819 Input source code VBN

(def fac n

(ifelse (== n 0)
1
(* n (fac (- n 1)))))

(def main ()

(print (fac 6)))




d‘ 1 .dl v L% ¥ 3 ¥ v U 1 dy
BRI Scanner VIENNAIUIIINAANNITVNAULA Azld Output token V89RIDYNUDDNUN

Wumadl

(def iden iden
(ifelse (cmp iden number)
number
(op iden (iden (op iden number)))))
(def iden ()
(print (iden number)))

2.2) Parser

(] [y

WANN13 danesviudmsu Parser tugnuuadu 2 yaUszasdfie N151M599d0U grammar waw

(% [
d 1% a A

N19a374 parse tree Lwiﬁqaawmizmﬁu%mqaawu%mmm]'m Recursive descent method

9

[

1) ANTATIVEDU grammar HovILazUadanmeal

1.1) dwsuusiaz nonterminal azdl function \Wuvesiaewiialignidenldiu lny

Aelu function 2291989914 context-free grammar

1.1.1) 6190 production rule W@n nonterminal w&daa1elu function Aay

1380 function ¥4 nonterminal We MW production rule aunsananle

1.1.2) 790 production rule wan terminal waanelu function A8¥1n13
match ¥309U@ token NifiNd981UDe M YUrUUAY token 31N context-free
grammar 1assiunsell Smnimssfagyiniseudidaly wadmnitldnseiay

insilaaderanaInlayrenlUsLnTUYILY

|9

Y 1 1 1% < .«.:941
gARMIBYITY 019N Context-free grammar LUUAIU

EQ -> cmp INT INT ) // I@Sﬁ EQ, INT INT \Ju nonterminal uag cmp, ) v terminal

[V

AT ULUIUNTUEINSUATIEBY grammar Lasadl



EQ() {
match(‘cmp’);
INT();

INT();
match(€)’);
return;

1.2) nonterminal 1a ¢ it production \Ju lambda 1@y Tu function ve9 non-

terminal Wwe) duduivzdos look-ahead 1U 1 asuiislimsiuinmsazngalusunsuviselyl

1.3) nonterminal a7l production lau1nn31 1 Uuuy Suduiivzfiensivdey
token a4 Fuviiatlagiuiniu token 1o iiiefiazanunsansiuleinaisazudn production rule sl

RRIA

1.8) WWsuN35u3¥81U token Miaffasiauasuyn token lagazi3unis Recursive 7

start symbol S %38 function S() La¥aEINMILITU1AY

Tsunsudmsun13ns19aey grammar auvann1st1eiuil gnideuedlulndye
GrammarCompiler.java

v

2) N15@5149 Parse Tree TN5YwarUadannnail

2.1) lunsa39 parse tree Huagly Stack y1amun 2 Stack lunsueniiiu operation

ey operand

2.2) N385 parse tree avausavinlunions AUA1IATINEOU grammar 1§ Fetiu
TUsunsuazyinueaie g fu Aslduselevilann1ndeulusinsuLuy recursive wagsu input token

NALAIAUNUA

2.3) ienu token Mdudszian operation 9¥¥11N13 push lexeme ¥84 token 19
avlulu stack &1uSuLAv operation @9 token MIuUszian operation d1usunrwiilaun do,
operation, comparator, ifelse uag identifier MAA1A nonterminal FUNC Wesanlunsisenld

function



2.4) \ilewu token Mduuszinn operand 9¢¥11113 push lexeme U84 token 149
aslulu stack dwSuiiv operand @4 token MIuUszLnn operand dnsuarwiilawn number,

identifier wag ) MAAIA nonterminal FORMAL

2.5) iewu token ) 2y pop stack MAU operation LeviN15ase tree TneTunu

v

ufay operation NAINNTT pop Hadl

2.5.1) 1110 operation A® token operation 911115 pop stack MAu

[

operand y19vun 2 Assnavyinnisaetlulassasienuliifedl ( operation operand operand ) uag

push lassadrsauliidnavasiulu stack fiiu operand

2.5.2) 91970 operation A® token ifelse 9¥¥11113 pop stack My operand

7199UA 3 ASILALASILSNABD else-clause ASIN@BIAD then-clause kazASINAUAD condition

(%
Y

ndantuazynseeidulasassduldaed ( operation condition then-clause else-clause ) Way

push Tassasrenuliitinauasiuly stack ALiv operand

2.5.3) %N operation A8 token print 9¥N13 pop stack v operand

1%
v

a1 pssazyinisseidulassadnesuliined ( operation operand ) wag push lassasnssuldidl

navaslulu stack Mfiu operand

=

2.5.4) 019410 operation A token identifier MmuTe function 3g¥1n"3

(%
a

pop stack AiLAU operand Wauua 1 ASanazyinnisaeldulaseadrequldsed (call operation

operand ) tag push lassadeduldinauasiulu stack MAv operand

2.5.5) 191 operation A token def 2811115 pop stack Ffiu operand

(%
v

Nanun 3 AsilauAsausnAe body U84 function ATINIERIAD parameter UBY function WALATINEAIL

[

ApdpUes function ndsantuazynsretlulassademuldaedl (fun name body ) @s tree e

parse tree U893 function nilslu source code
Tsunsudmsun1sasng Parse Tree gnifisusglulidye ParseTreeCompiler.java

$19814 Input token 910 Scanner



(def iden iden
(ifelse (cmp iden number)
number
(op iden (iden (op iden number)))))
(def iden ()
(print (iden number)))

Wieei1u Parser Mignitmunanvann1sinesiunas agld Output parse tree vaad70E13%

v

o &
29NUWUUAIY

(fun fac (ifelse (== #1 9)(return 1)(return (* #1 (call fac

(- #1.1))))))
(fun main (print (call fac 6)))

Code Generation

[

N13uwUasa1n Parse Tree WU S-code finannswazdadannsadl

1) IWsNIuaZU input 1Yiag node 984 parse tree wazazliUszlovilainng

recursive Lioanaugugeulunisulas parse tree U S-code

2) M3suauveslusunsutuduwiueuitazwuiu input Tudnwey ( fun
function_name ... Ing#l function_name fa%ouas function ved tree 1 fatiufazanunsads

output S-code panUIAOUAD :function_name

3) AW IUAIURINNIUED NAEEUANT recursive Lae function AlEluNTS recursive Tuay
fnthAdan1siu tree Nl95uNTiaz 1 level TngazduunAdiniee Anu eflagausadnnisuuas

parse tree lagnAeemulassasIuesmasiug Jeaunsadiwunddasne tadu

3.1) ifelse 3LABWINAITLIYN function recursive N9ULA 3 ASI AD @IUVB4
condition, then-clause Wa¢ else clause taaanuwaazaIvaLsalu tree Adudauaiuly fatiy
= o . . A o Y Y & =< o o . o & o v °
038N function recursive WBIANIS tree MUlulMaSINOU TIA1AS ifelse INUUNILADIIATN

USRS jump MdsdmsulAag condition Aae



° . ~ o P Al I
3.2) return 9£9N1015 recursive WEIATIAYT LUBIINAITAIN return 81998 UY

tree 19 wazazly S-code 1 ret.tree 1o tree ARaTFUVDY tree

3.3) call 9g¥11n13 recursive 1 A3 WS12AT parameter Adslulunsisen function
919udu tree 19 Tngaedaiin15andte function M3enddy tasandlawlatiu S-code wan

agmeadl output LU call.function_name lne?l function_name fAo®® function ﬁgm’%ﬂﬂ

3.4) print 9¥1A151380 recursive 1 A39 WN512AM print 81910u tree 1a wazagly

output S-code \Ju sys.1

3.5) math operation %38 comparator 3£711n15138A recursive 2 AT LN

' 1%
[

mduuailagld operand vianun 2 ¢ waziilesen recursive wanagld output S-code U math
operation %38 comparator 199 AUANU 11 mul TunsalAinu operation *, eq lunsaiinuy

comparator ==

3.6) number %39 identifier 9 l3i¥i1n15158n recursive 9 Lila991nTu leaf node
V94 tree WA PILUAIINTAMA output S-code panNTlatas 1w Lit.10 TunseiAinu number a1 10,

get.1 lunsalyny identifier AuLsn
TUsunsunisuuas Parse Tree 11U S-code Wugnilisueglulndte ScodeCompiler.java

$19814 Input Parse Tree

(fun fac (ifelse (== #1 9)(return 1)(return (* #1 (call fac

(- #1.1))))))
(fun main (print (call fac 6)))




f9g1e Output S-code

:main
fun.1
lit.6
call.fac
sys.1
ret.1
:fac
fun.1
get.1
lit.o
€q
jf.16
lit.1
ret.2
jmp.24
:L16
get.1
get.1
lit.1
sub
call.fac
mul
ret.2
:L24
ret.2




