COMPILER ¢ =E



Programming Languages

& programiming langosge secves a5 8 means of cotmmonication between the PERSON WITH
& PROEBLEN and the CONPUTER USED TO HELEP SCLVE [T,

& programm solotion tooa given pooblemn will be essiec aod more oataral to obbain F the
prograrming language used is clese to the proklem, The language sheouold conkain constrocks
whichh ceflect the tecminelogy and  elerments osed o describing the problemn and  ace
independent of the cotopater used, "High-level langoage”

Digital Commpater ¢ "Low-level Language” sequences of ['s 8 17

& hierarchy of PL besed on incressing mechine independence
1, Whehine - Level langusges
¢, Arcpmibly languages
3. High - level {user-criented) langusges
i, Problemn - oriented langoages

tBchine-level language ¢ lowest Eorm of compater langnage
' Each instroction in a progremm is represented ks s ootneric code, and
nuerical addresses are used,

Arcprnbly langoage e swnbelic version of & machine-level language
t Each operation code is given a symbelic code (A00, SUB)
MEmery location are given symbolic names (SO ACCCUNT)

High-lewel language ¢
the features of an assembly language
+  skrockored cotbrol constrocks,
nested staterents,
blocks,
procedures

Froblem-Criented langnage
Frovides for the expeession of problems (ooa speciflc application or pooblemn ares,
CEQUEL ¢ for datakbase retrieval applications
CoGe ¢ for civil engineering apglications



Advantages of high-lavel landuage over Low-level language

1, High-lewel languages are easier to learn,
Vo compater HW backgroond, mechine-independent,

¢, The programmer does oot have to ke concerned with clerical tasks inveolving oomerical of
syrnbolic ceferences bo instoactions, memory locations, coostaobs, ete,

3, & progracnmer s ook regoired to Enews how to consert daka Eromn esternal forms too sarioos
itecnal fortms within the memnory of 8 cotpoter,

eg) nuemeric data — o Floaking-point oombers
cotiwert packed-decitmal nubers

1, IvEst high-level languezes coffer 8 programmer s variety of confrol stcockures which are oot
available in low-level languages,
- Cotditional stakernents
- Looping staterrents
- Mested Statements
- Block Stroctures

b, Program wwritten (o s kigh-level langoage are wsuaelly toere essily debogeed then their
tnachine - of assetmbly - langusge eguivalents,

B, Since mest high-level lengwsges offer more powerful control snd  date-structuring
capabilities  then lew-level lengoages, the formmec cless of languages  facilitates  the
ppression of a solukion to s particular problermn,

7. Because of the awailakility of certain langoage features such as procedures, high-lewel
languages permit & mmedular and hiecarchical description of programming tasks,

'division of labor, 8 teatrn of pCogCAMIECE,

B, High-lewel languages are relatively machine-independet,



TRANSLATION - compiler
- [nterpreter

& translator lopots and then converts & Source poograem inke an object or terget prograrn,
The socurce programn s written in s soorce languege and the object program kelongs tooan
ohiect language,

Source Earzet chiect
— branslakor -
[0 ET T EOOEIAm ELOETAM
& snpmbly 5 e 5 MEChine
language language
High-lewel 5 Gl 5 Srprmbly i IR hine
language language langnage

The titne at which the conversion of a source prograc booan object program occurs s called
“rotnpile time”,
The okiect program is executed ab o tHme”,

Cotnpilaticn process

SoUrcE Chiject Bakiie
Program | — | Program sHis
Cotrpile Fun Titme

Titre

cf) [ntecpreter (ancther kind of translator)
The interpreter processes an internsl Eoren of the source program and date ab the satme
titre, [nterpeetation of the internal source focen occurs ab ron time and oo obiect progracm

is genecaked,

G OlCCE
Frogram | — [nterpreter

- | Results

I

- Basie, Lisp

- APL, Smelltalk-B0



MODEL OF A COMPILER

The tagk of Constrocting a cotopiler for s particaler soarce languege 5 comples, The
cotrgpdezity and nature of the compdlation process depend oo the Scorce Language,

Cotmpiler cotoplexzity can often be redoced if 8 programing-languege designer takes warious
desigh Factors inbo consideration

COMPONENTS OF 4 CONEILER

Source okiect
Frogram Frogram

it
I
Analysis Synthasis

Code
Cenerator

[

Syntachc SEtmatic Itemediste Yy Code
Anlyzer J 7L Amalyzer T\ o Cptimizer

()

& compiler st pecfortm bwo mejor fesks:
i1 the analysis of 8 SOOCCE EEOECAMD
and (2 the synthesis of its coresponding object prograr

The analysis tesk deals with the decompesition of the source program into ib's basic parts,
Using there pacts, the svothesis task bailds their equivalent object program modules,

The perfoctnance of these tasks is reslized tmoce easily by bailding and mainteining sesecal
takiles,

The source program & inpat to a lexical analyzerlscanner) whose porpose is to separake the
incetning test inke tokens such as cotstanks, variable nares, keywords, and operabors,

[ essence, the lexical analyeer performs low—level synbes analysis, For efficlency ressons,
each cless of tokens is given s unigue internsl cepresenbakbion ouenber,




eg] TEST ! [F & = B THEN ¥ = ¥

TEET 3
leyical anal ' £b
= F el
& 1
> 15
B 1
THEN ¢l
¥ 1
= 10
¥ 7
; A

* EBlanks and comrnents are ignored,

Some scanners place constants, lakels, and varable names o appropciate tables(Symbol takle),

Yal DALTE TYPE Db]egtd—d;::;csngram value line ¢
BEAL
(T
BOOL

The lexical analveer supplies tokens to the syotex analveer, These tokens may take the
foremn of 8 paic of items,

A st ] representation ¢
of the token o flszpd-length information
, of the token
i symble table
(address) finteger)

The syntas analveer is much mere complex than the lexicel analveer, [ts function is to take
the source program in the form of tokens Erom the lexical analyzer and deterine the manner
in which it i to be decomposed into its constituent parts, That is the syntax anelyzer
determmines the owerall strocture of the source prograrmn,

[t swntas analysis we are concerned swith grooping tokens inko larger syotactic classes sach
85 eXpression, staterment, and procedore, The syokex anselveec(parser) cubpabs 8 synbes tree (o
which its leaves are the tokens and ewery nonlesf node represents s syotackic class type, &
geb of rules knowm as 8 gramemer is osed to defing precisely the soorce langoage, & gratmsr
cann be osed by the synkes anelyeer to detertnine the stroctare of the scurce prograrm, This
recognition process s called parsing, and conseguently we often cefer to symbtax analveer as
perSErs,

el (A +B1x(C+D)



<RERCESEInN

<hRII=
/’/ \

<ferm= * <fackors

<factor= 7 pzpression Y
e pxEpeession <PEPIESSIDN>  + <terms

2§ T 'I \

<PEBEEEION= + <IRCHD> <L BRIt <factor s
/ | | 1

<hpr T <fackor= <factor= L
<factor = B B

A

The syrtex tree prodoced by the ssmbex analveer 15 used by the semmantic analyezer, The
function of the semantic analyzer is to detecmine the meaningsemantics) of the source
B DETALL,

el (A+B) = [(C+D])

Wihen the parser recognizes st operator such as "+ or 7+, it invekes & semoenbic rookine

which specifies the action to be pecformed,
{ operand  type, walue )

The semantic analvzer often interacts with the waricus takles of the compiler in performing
its task,

The semantic-analyeer actions may invoelve the generation of an intermediate form of soorce
code,

gl (4 + B) * (C + 0] the infiz expression



intermediate i+ 4, B T1J
source code i+ C, D T&)
= [« T1 TE T3

suffiz pxpression LB + CD + =

The cutpat of the semmentic analyeer 5 pessed on bo the Code genecabor, &b this peink the
interrmediate form of the source-langusge progratm is usually translated too either assemnkdy
language of machine languages,

eg)
Loal & Contents{a) — &coumulator
aph B CrE) + Clace) — Accu
STC TI Clace) &% 1
Loal C Clace) — Accumulator
abh D CiD) + Clace) = Acc
3 I Ciace) — T2
Loal Tl CIT1) = &cc
BJL  TE CITZ) # Clacc) = Acc
ST Ti Ciace) = T3

The output of the code generabor is passed on to & code optimizer, [fs purpose is Eo
produce a mere efficient object progratmn,

gl
LOAD A
Al B
T Tl s s
onp 0 i
aptr D
LIIL Tl
=T TE

=(C+D) A +E)



Lexical Analysis
# Lexical Analysis ¢ Soorce program 2] 28 wodE 2994 Ttoken” THEE A
cf) Lexzical &nalyzer (Scanter)

boken ¢ Costant

[dentifier { Yeriskle nerne
Kewaords (reserved swode)
CpErERCCS

Lakel

H) PROGRAN SANPLE
CCHET
bI= 6
M=1:
VaR
ST BJL : [NTECGER
BEGIN
UM =N+ W
BAUL = Bl = I
END .

= identifier : PROGRAN] SANFLE, CONST, 0 M, VAR, SUN KL, BEGN, END
conskant ¢ 60
pperakor 1= 0 4, =k o+,
variable @ SANPLE, B N, SUR BAUL
reserved word 0 PROCRAN] CONET, VAR, [NTEGER, BEGAN, END

- Token Takle

T cken
BEGIN
CONST

END
[NTEGER
FROGHA I
WaH
identifier
cotstank

peinter ko swmnbel bk
pointer ko swmnbol tekle

|
u:u:u:u:u:u:u:u:m-qmmm-mmi—*ﬁd
I

oo =1 O M &= 3 0 —




reserved words E22] £10] Token takled EalA 1S
varlable name= syimbol tableES 9 Token Code 84

— Svirbel Takle * identifier @2} Constant(® in token tableS Tt swnbel Takle

Eace Locakion identifier class(E5F valle
1k SaNPLE id
1 Bl id
17 bILIL id
1B | id
14 S0 id
£l b COELE
Er § COME

= Source Program = Token

PROGHS B SahFLE
(5, 1 [7.15] (4,2
CONET %1 = k ;
[Z, ] (v16] (@11 [B2l] [A,2]
W) = g ;

[f1B1 (811 [BEE] (8,21

VAR
[, ]
Nt B [NTEGER :
7181 [B,71 7171 [B31 [t ] 8,21
BEGIN
i1, 1
SN = ] + W ;
(7181 [B4] [F16]  [85]  [71B] [
WL = [l * b ;
(/171 4] [F16]  [86]  [71B]  [A.2]
END .
(3, 1 [8,B]

10



# Tokens DS FeHA Token Tables 3= B
= "Flnite Autotats S B0 012
- reserved word ¢

stark O O QG Q[ Rl f’ﬁ\bl @ returnfl, )

OD N ﬁs r’f\T f‘“ﬂb‘ﬂﬂk.mmmca )

@N @D @b{&nk returnfd, ]

R Henk

returntd, )

@H @D @G@H @A @M @bla[ﬂ{@

returafh, )
G & R blank
‘\?_'11_/’ @ returndf, )
<{dentifier= #= <letter> | <identifier=<letter= | <identifier=-<digit=>
<lptter= = A |B|C | |2
<idigit= = DL & |18
« identifier :

w not letter or digit

returnl?, svtnkel takble reference)
U letter or digit

- Constant

digit nok digit
returnfB, swmbel takde ceference)

digit

11



« Coerator @
x—) return (8,10

x—) return (0,2)

k—) L} reture (93]

k—) rekarn [9.4)
k_) reture (9.5)

& return (9,6)

\'\—) return (8,7)
k-\—> rebure (0,8

Finite Automata =] state @ 4974
returnlfin, n) ¢ Finite &otomats o 2150 2803

1) Svmbol Takle

cource Frogram® WERLE identifier™ T -HEE Symbol Table 2124 Data Strocture
o A

=53, HE
identifier atkrikate offset pointer
character data =T 1S M== JIEE| point to
shring bvpe Z HIE AL abtrikbote struckare

i lexical analssis,
Svmmbol Takle B2 — identifier AZ
[ semantic Analwsis,
attribaube, attribate stooctore, pointer to attcibote date strocture A2

12



% Symbol Table HA] P2 AP

(T T {d(BAN0] ST 9)=7] F=71E Lexical Analysis TAOA ZOW0F TEHE

& dBEE ST H2H] HELD ZAH A2 215008 T,

& ST S1= id2] BRE JWy 2 10 T}

@ 5TH Sl HEESE IodE T E8M 1 gs 35 AlE =+ 50 7T
# Syvmbol Take2] BEY EBEE 2= RecordE LHESHS 7,

I 3T 37

P GlE BR IS0 2y

ZoW HED] Z2H

0| of| 0| 0¥

e | o) | o
r

@ pointer & /—\
B | pointer | 201
-
| [pointer | 29 1

!
e

w Symbol Takle =42 28 for Mon-Hock-stroctured Language
(T Linked Ligt 018 @ 471 n0]H pfé B, n0] 228 F4
(% Binary Tree 012
& Hach Table

# BT 2 for Block-Structured Language
D Stack Svimbol Takle
iz Stack-implemented Tree-Stoactured ST
& Stack-implemented Hash-Stroctared 5T

13
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Lex & Tacc

Lex ¢ tool for building scanners(leser, lesical analyeer)
ccanner ¢ o inpat ¢ oackitrary inpat stresm

L outpat ¢ token

1, Word Recognition
“Lex Specification”
Begular Expression ¢ & pettern description using o “meta-language”

gingle character except "o~

ZEC of mere coples of the preceding expression
Bgl o *

character class (any character within the brackets)
egl [abe] = 8, b c
[akc]*
(0-8] = [D1Z345EYRE]
[a-z&-7]
[ 1 any character except the ones swithin the brackets
& =" pr “1” as the first chacacter after the “[7 is interpreted litecally,

ab the beginning of a patteca beginning of an iopot line as the 1st character of
B regular EXECERSEION

gk the end of a pattern erd of an loput line(oot ™0™} as the last character of
8 [egalar BXEOESEIoN

i

h

Hewr many titmes the previcos pattern 5 allossed o match
egl &1131 1 ~3 cccurcences of the letter &

a cingle following special character
ezl i e
b backspace
Lt tak character
L line feed
b T

v z

Cne of more occurrence of the preceding regular expression
eg) [0-81+ (oot empty string)
[0-0]* lalso empty string)

14




zero of ook occurcence of the peceding regolar expression
? egl -?[0-0]+ & signed nomber
-1, 1, -

Either the preceding regular espression of the following regolar expression
gl ABIC = & or B or C, any one of three

terrmingl svrmbol, operabors
pgl 7

i BXEIESEION
) 0f1 07 in the string  "017, ook 07 or “OE”

Freceding resular ezpression bot ooaly E followed by the follewing regulac

& series of regular ezpressions
ex) (01) character sequence 01

{3

(Exzamples of Begolar Expressions)
1, operators

= +*
oy o
£t B
¢, white space

WA R
3, digit

(0-1]
d, constants

(0-8] [D-5]=+
b, idectifier

[&-Za-z ] [&-Za-z0-D]*
b, unary rmings

-7[0-9]+
7. integer

(0-0]+
B, single-line cotrments

T T
0, C-Stvle cotments

B 0 i
10, Pascal-Stwle comrment

THT

15



{#

* word count, WC - the program, sitnple standalone PCLEX application
*f

vl

finclude <stdlib b=

gtatic unsigned nchar=0: (+ § of characters in file *f

gtatic unsigned oword=0; (* & of words in file

static uosiEned oline=1: & & of lines in file *f

el

Yt

‘oo nchar +=E ++oline: (* line boundary in BE-DOE 5 CR LE *
["Wnl+ ++nword, ochar +=vyleng:

: ++nchar:

vara

triainl)

i
yylezl
printfl e d\b e dv e din”, nchar, oword, oline):
epxit(D):

i

This read.me file is for those whe have never used LEX,

tpe,
“pelex we l”, generates wec

Evpe,

“cl wec”, generate wo.exe, agsuming bicrosoft C
T Run,

o< wr,eT, count the nomber of lines in w.c,

[f wou must analyee files with not-sscll data thern inveke poles-"polex -8B wocl”

16



Finite State Machina(FSM)

. FEME] T2 discrete Hme(O]4REZNS0] WojLEs Uwg] WISSE 24

A U= s AT FER acceptT™ 2 00T 2
=Y ot YE s} st 0] U=EEN 2R 2

Lok . FSl outpak 3

ititial state

FsM M= (&, 5§ R, 7 g g7
I ¢ finite set of internal states
S0 input alphaket
B outpat alphabet

f:  state transition function

g ¢ initial state C @
glt+1) = B0 ofk), s(t+17 ) k=D

rib+1) = gl olt), st+1) 3 =D

17



Finite State Diagram

() — ()

= Bl

'F" I: r 5‘}
Finite State Table
5
g g, 0
g 5 g
egl parityS DAHEE FEML
4= DA 12 epquence
ZEB (0] BRAT —mmm e = =™ (pven pariky)
10] =M —-——---- = 1E= (odd parity)
= S$=R={D011}
= {4 B
& ¢ Even -AYEH(E)
B Odd e E 5=

=
M| =
'—"-=
-
-,:-.—-

18



Finite Automata 9% Lexical Apalysis

Finite Automata
M= (d 5 8 g, F)

& ¢ Finite get of states

&2 Finite inpot alphebets

gy * @ HHE initial state

£l WE T IEE finel state

& 1 state transition function
AT String o 7 WA ZlaiA accept PO 518 28H g WA U« 0] Zai M HETA
= LTI

dilgg 2 =8 FCTF

0lm = BAA 21504 accept® languageQ|T
LiMi=ix| G lgy, 00 CF]

Deterministic FA @ M= TAA X U= el H0E= A7 S 21
MNendeterministic Fa @ Mz DA GH L= e A0E= A E8HAA 2= 4

ezl Finite Autormata
M= (g & § g, F)
W= { g 50 909l
Z2=1{0 1}
F={4g1}

§ =& x 53—

0 1
L] ga 41
4 g3 4n
ga da g
9 41 EF

19



1
T
> (@)
8%
. D
1

]
OA
1
Deterministic Finite &utomata

1
(7
1 ]
. (O
I o o
1

1

-
of

-
4= 010Mm

DIDD
—
0

\1}
\
®

g "

Mondetecministic Finite &utomata

20



Language®t Grammarg® =t 2| T¥ 7 QA

17253
1) alphaket W ¢ finite nonemmpty set of symbols
ezl WV = { abc, .. .21
V={D01g .01

2) Concatenation (B3] ¢

egla, b —— ab

gk, aby —— obab

3) String ¢ alphaket ¥ W] 21= EA01AL O SRS M 014 concatenation ™ =72
egl YV =ia botl
-—= @, b, an, aba, sabk, .

V=1011%

-——= 0,1, 001, 01, ..

= “dog’ [z] = 3
v = "house’ I¥l = b

v = ‘doghouse’  Jzvl = B

1) prmpty string + SN2 E 2E ") o T 2RE BH
Crull) l= =0
A=labl B=ila 81
2 AF={luwx|lwC A xC B]

= AR =1 oo, af, ba, B8]

A= 1&gl
b Al = A
A = A4
A = A48 = 424

At = AAAA = A% A

+
+
+

At = =}, w=0

AL wED
B clogsure

Al

LR i} 1 2
A L W e e I A A i
Al

At = Alu APy . = :

1didem

21



2. Grammimar

def) Graramnar G =V, ¥V, & £
Vi Ser of nonversmingl syrmibols
Ve Ser of tervnincl spembols
5 Sroering cpembof
P Produstion riles

a = F

pg) GrRIV, ¥V, 5 B
V1A B Ot
Ve g b ol
PrE=A A aABD | A= add
| & = BO | BB = 0b | B = B
=+ [ gt k2118 BEIE

STESA S A TRSEAR . MBS TRSERED . GeABCEC pmgr aaallBCRC

:W aaahBOBC EW) arabhCBC ET—%E) G BT W
=== gmahbhil S aaabbil= & 5 )

“gentential form”

gvtrbols are tertninal

22



THE BlG DG AN TG THE HOUGE

. -
Bkl adi, (ateh 1} arki foL
noun phr, ad] tulty phr
adj noun/;r/ prepost fouty phr
HDU|H phir verh adver phr
sub verh phirase
|
predicate
senfence

<npntence> —+ <subject=<predicates

<gubject= — <houn phrase=

<neun phrases — <neun= | <adjechive> <noun phrase=
<predicate> — <werh phrage=

<werh phrase> — <wertb=<advecbial phrases=
<adverkiol phrasex — <gpreposition=-cnoun phrases
<adjective> — <article> | BIG

<prepesition> — TO

<nogn= — DOG | HOUSE

<article> — THE

<verhe — BAN

def) Language L(Gh = | g| §—2r gand 0 = V'T]

v Set of all sentential form whose symbols are tecooial,

23



3 Grammar® 2% "Chomshky”

17 Twpe 0 @ onrestricted gracmar
rules are urestricted Z{Gg)

&l Twpe 1 ¢ Contezt-sensitive grammar
conkaing ohly pooduction of the form @ — &, where |al = | 2]

ARAA
—=-= Context —sensitive language

| ¢4, — dyddy, dF =

gl &=V, V, &8
V= 15 B O

Vo= {8 b, o}
= B = gEBBAE = bR — BHAS = bR = Bldol = o

LiG) = 1{ g | m2] }

31 Tvpe & ¢ Context-free Grarmrmnar
containg only produciions o — &, where |l < |8l and e W,

gl Gy [V, VW, & F
Voo 18 G
V= g &
Bois 5= ololl— alall— b
“Left-hand side consists of a single class swmbol,”

&= aln
= mCw LGy = {a%ba| n21}
= oo “Contezt-free Language”
= pyehior

1) Twpe 3 ¢ Begular Gramemar
Containg ooly productions of the form @ — &, where || 218 o€ V,

and Shas the form 8B or 8, where 8 Vand B ¥y,

24



Bg)

Gy =V, V, & 8

VS 15 A B &

V=i O

Fi= 5 = aSls = aBlE = b0C = adC = o

s
feeiy

beels] LGy = { a"%a"™ | n,m=1}

mﬁcﬁ LGy C L(Gy C L(Gp C LIGP

caeeba

ST R | |

25



EBogular Gramimar & Detorministic FSA

| & i g, F

FSA M = ({S. A, B, C), (0.1}, & S. {S])
H [tupaat
Etate 0 1
8 B A
A o Y
B RN o
o A B
Begular Grarrmar
v, Wy 5 P
G= {5 A, B C}, {¢,1} S5 P
g — IF
g — 1A
Z 5 — =
A — I&
i1} Because 5 is a finial state, wherever a production of the form
ﬁ}(d % 8 =+ 25 ocours, the production «—#1s alse iocloded in &,
A — 1
{E}(B —= 15 2 The production S—¢ is also in & because S5 in the DFA,
E — 1
E — 1
& o— DA
& 00— 18

26



Turing Machine - Alan H, Turing 1938

TapE| i | & | |

|~ | a]|B [B |

24 1M finite conbrol

k.
L finite
conkrel

Ty A ellE 2EE U= Tape

Turing Mbechine ¢ finite control2] current state 2} incoming inpob ™ TREY stateE H0[5EAL,
cell] #2H3= J1EE e 71EE HASEAY finite control2] H2IE BF

of 2ETSE TFeell & F4

Bg)

M=1(d 5 4 g B F

& finite met of states

I Tape M HE-S 7128 RTHEE
B:3® Cr

Eoopgput 7

fredx F=@x Fx (LR}
gq ¢ initial state

F o firgl state <

=, 2 I, & 9, B, F)
= lgp. g g2 95 44}

= 10, 1}

= {04, 1, X, ¥, B]

Mo oS ®

= {&]‘4}

27



& ] 1 & ¥ B
e (g & R - - g ErR ]
& (g LERY (g ¥ LD - (g, o)
gq | Ly 0 L) = (g L R) (g ¥, L)
5 (g3 ¥, B) T(4,EB R
Ll
ienpat 0011

gl = X gPll = XD g1l = X g¥1 = g1 = X g V1 = XX g1 = KXY g, =
K gy ¥Y = K gpl¥Y = ¥ g ¥ - KXY g = KXYV g5 — XAYYB g,

28



Svntax Analysis (Parsing)
ms

= Program= M2 Evntactic treeX B

=2 4 =™, ©] Syntactic trepE

~+EHN. Be
“1 SE5IC parserS e Syrtactic tree
SOUCCE Lol token Sombactic ™, BArSE tree
Program d Analysis ¥ & e lyeis
(parser)
w
(ratmmer
- Lexical Analysis 2319 token streamC] =] 2504 BEE =+ 3l AS AR
- TRHERE EO5H, EEREU 2RI EE As S A LA UES ASHA A
T o SAO0F T
ERlSEL
Vetring net =8 GH 21T Languegelt 2 ¢ SITFH parser= 01 string ws EEIESE WO
S SYHeTE peeAE M, 0] Of 0HY chring o7 298 S 21T ZE0] o™
string wis ©1 28 215K accept A H2H, eneE UHE
)
PROGRAN  SANFLE :
COMNST
M=k
N=L
VAR
s BAJL: INTEGER
BEGIN
S = M+ N
WL = M+ N
END,
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Syntax (BNF : Backus — Naur Form)

pascalProgram n= programbeading ; blockl .
programbeading = PROGRAN [DEMTIFIER
blockl v= ConstantDecl @ Block?
ConstantCecl v= CONST [DENTIFER = [NTHNUNEER
| ConstartDecl : [NTENTIFIER = [NTNUNEER
block? v= wariableDecl 1 kKlock3
variablelecl v= VAR wariableldlist @ [NTEGER
varigbleldList = [DENTIFIER
| wariakieldList | [DENTIFIER
blocks n= BEGIN stitllist END
gtrntlist Y= gkt
| sbentlist stk
ghrnk = wariable = simpleExpression
valiable = [DEMTIFIER
simpleExpression = term
| simpleEzpression operakor term
term v=  [DENTIFIER
| INTHUNEBER
operakor 0o+
| %
pescelFrogrem
/ iBkdeCecl
- \La [eLisk sl

PROGRAM EAMPIE @ OOHREST W rd VAR 'Q1TM T, : MTRGFR : ARG B1TH tm BW4H] @ BT, (e W4T 0 FHTI
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“Parsing®| MI”" (Parser)

Farser= AT ABER o/t 298 60 2T A2 28 =+ 0 paserc 0 2B w8 o
BMoR RS FYH2EE O reeE ThE OO TS AER oIt FH o0 2T =3
0] OFW U™ AER wi= 0] THH 25109 "accept ™A YO, parsers errors YHE
(parse tree®™] 2164 BEH = A4S 899 ken stieam®] 255 TI5™ HLD

1) Left most derivation
Parse treeE F-E5H production™ 21569 production?] $2% %h5 W\INL S -
A o= AR BF otwdn Sowd O1H wlt Termingl® FEAEZI0HHE, nontertiingl A=
preduction™ 2]51d G2 tHRT =M, 01T BEES left mest derivation?]2} THY,

uﬂfcﬁ)uﬁ ¥

left most derivationsS 018514 U™ o M T parse tree=

Scﬁ)a] e PR~ P Eﬁ)wi}%‘;@] e

*

0E S‘EF)w E BT SEﬁ) o O o= left seatential formm Q1T

T
gl 5 = &%
5= el
S = o
o = b
5 = W5
= s
= el
- ihpdhplel
== ihrihpzes
M
T N
b

] ]

i oo E e
|
2

“HAZ Monterminal FE BE0 28] HAE"
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2} right moest derivation

L o1 = :
o R 1, SH—W a 2 O, aF right sentential form

A UY AEHCST BH prodoction™ 2151 treeE leafA roctE 21+,
- A= A2 A7 5 reduction 3 LI &1, = AT WHRIE,
+ reductions FEFH Thendlelproductiond 28] 2 EZ N YREE BE SAME)0RI
ols 4l Edotl, 01E BEelq S

= -

L] & -
S?aﬂw = Fu AZT Thandle

gl & = odcBe

A = Ablb
5 = o
“handle” handle proning
5 > AsHe i ode w A bode s e
\Wy o Ab b

HE AU T 0142 Thandle” ©1 AB21H “ambizoous” S

U= chring idl + (d7 * id3 o] tHERA

Ecﬁ E + F —=— FE + E&& l=-=¢~

=
== E + id*id} == idl + 2 » i \

atrikd guous
T Im == Im

=ﬁ£+t_d2*tdﬁ=ﬁﬁ+d2*1dﬁ

i /TE\
E/J & &+ g
P b 4
g * iy o+ E|
| | |
idl iz idd il ide id3
idl o+ idz o+ id3 il + Qe o+ id3
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w/t H ZHE] Z201H, ¢, 0] 08 right mest derivation®] nt2R right sentential form©=
w= LERHE w= r, OICk 2F right most derivation™]A] J0§2] "hendle™S 01ESKd HIZ 49
right senfertial forms FTEFH 0RRE €0 S =45 78 =+ 210

S:rh_hﬁ-rh_hﬁ-rh_hﬁ--r----h_hﬁ-r_‘ e, —
T 7 " Tyrw Ry 8 Tl T

B o> B F
E o= i

o idl o+ Qe o+ dd

egl <E‘ = B+ &

right sentential form handle prodaction
il + 2+ i3 idl E—id

E + idZ = 43 ide E —id

E+ E *id3 id3 E —id
EA4TE +F E+E E=-E=+*E
E+E E+E E=E+E
E

012} FZ parsing 1S "Shift - reduce” parsing
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Shift — Reduce Parsing #73

- stackdt input batferS 018

stack Lk ac bl
B il + idE * id3 & | shift
& il +{df # d3 § | reduce E = 1
B E + {2 # d3 § | shift
BE+ ide *+ id3 | chift
£ E + id? #{d3 & | reduce E — id
HEwE #1d3 & | shift
hEw Bk id3 & | shift
FE+E *d3 % | reduce E — id
FE+E=*E | reduce E =E + E
b BB £ |reduce E =+ E + E
EE | accept

r persing®] HES1E accept
L 2371 2¥851H error message

/T

E

idl +




Parsing 7|% (1) @ Top-down persing 2=
(0 Bottotm-up parsing H2F
P ZEA B Programs aHLE2] Syntactic tree® B
D Top-dowmn parsing 218

- Begitning with the geal swmbol of the gramtoser, attemgted to preduce 8 string of
terrningl svinbols thet wes identical to 8 given source string,

- Top-dowm parse meves from the goal symbol tooa string of terminal syimbols, (o
the tecrminology of tree, this is moving from the oot of the tree to & set of the
leaves in the symtas tree Bof 8 poogratm,

- “left most derivation 219"

0 Bottom - up pacsing 218
- Builds & parse tree frotn the leaves towmred its ook
- “right most decisation”

Parsing 7|® (D
- =N B pregrams L2 syatackc tree 2

—EBErute - Force &pproach, Becursive-Descent, LLIL)
| mowve from the goal swmbol tooa string of terminal svmbols

- Top-dowm parsing

- Bottot-up parsing — Operator Precedence GEatmisrs
cirmple Precedence Grarmmars

L LE Gratuar LELD) pasers

SLR(1) parsers
Canonical LR parsers
LALEC) parsers

1 Top—dowm parsing
(=Backrrack)
1. 1 Top-dowm persing with full Backop (Brute-Force Approach™

egl &= aAdlal A= blz B = gpdldde

5t ogoal (start svnbol)
= “peed Cinpat
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i 5 o o 5
A Saw Ay Y %
|

b £ backtrack
o cocod
B
alecd aks ac ¢ oacd B ac tace ¢ oaccd
accd acled + aceld alccd acled *accid ¢ aced

i) M2 Nonterminal™] thaA], 2 B8] pooduction ruleS &

it AEC] ABHEE ctring® left-most MNontecmminal™l sl
=y

i) O O Nonterminsl®] SR 822 ™

F510 B string B
J

= e |
WAl ZE production rules

— [ parsing 0 EI01AL
# gpurce  stringlinput)dt matchShA] =T the process is backed up k
nndeing the most recently  applied production,

— "yRIy Hime - consaming”

- parsing T inputdt tree®] leafdt YR HA] EH O HUHWAMREER TR BES 6
parsings SHOKHEA] backiracking?] HHE O 71 gloW, 53] left-recursion? 25
BrE 2] =30 HAM B4 ZH I W

— BackirackingS m51] $8H Becursive - Cescent Fasing 71898 012

A

1. & Becursive-Descent Parsers (predictive persing)
Vobop-dowm persing which dees oot allews backop Bub, cectain gracumac reguice

backup in order for successful parsing bo ccour,

- o oseguence of prodoction application = 8 sequence of fonction calls

- functions are written for each ooobecminal
- BEach function ceturns & value of Troe of False depending oo whether or oof it

recoghizes & substring which is an expansion of that nooterminsl,
right-recorsive mile grarmmar
- longest tole first
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o=

<fackors= = (<exprs) | i

<ferm= = <factor> # <term= | <factor=
<pEprs U= <tprooe + <pEpce | <terim=

1. [[nitializer
Fead(IMNPLIT)
. [Loop through all inpat strings]
Fepest while there =il emzine s input string
Repest for 21, 2. ..., LENGTHINPLT)
STRINGH — SUBINPLT, i, 1)
CLRESOR — 1
MEXT — GET_CGHAR
If EXPR
then If MEXT = '#'
then WritelWPLIT, 'CWALIDY
plee Write (INPLIT, 'CIIRWALIDY
glzg WiitgllNPLT, '[CIMMALIDY
ReadIbPLT)
Exit

Function EXPR

l, [<ezpr> 5= <tprm= + <pgprs | <teroo]
If not TERM
then Returnifslze)
If MEXT = '+
then MEXT = GET_CHAR
If NEXT = '#'
then Feturnifslze)
If not EXFR
then Feturnifzlse)
rlee Retumitrug)
glee Returnitrug)

Function TERM
1, [=<term= = <factor=#+-<terms [<factor=]
If not FACTOR

then Feturnifzlze)
f MEXT = '+'
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then MEXT + GET_CHAR
if MEXKT = '#'
then Returnifsize)
It not TERM
then Feturnifsise)
plze Returnitrue)
glze Retumitrug)

Function FACTOR

1, [=factors = {<pxpee) | ]
If MNEXT = '#'
then Feturnifzize)
If MEXT = '[!
then MEXT — GET_GHAR
If NEXT = '#
then Returnifsze)
If not EXFR
then Returniizlee)
If WEXT =
then Returnifzi=g)
Bleg MEXT +— GET_CGHAR
Feturnitrue)
If MEXT = '
then Returnifzlzs)
elzp MEXT +— GET_CHAR
Fetumitrug)

Functioh GET CHAR
1. [Feturns the nest character from the inpat string)
CHAR +— STRINGICLRSSR]

CURSOR «— CLR3DE + 1
FeturniCHAR)

& trace of the parse for the [opot
Pé+ i1+ g
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Input: ] - @
Perarm kAl
Cull EXPR
Cull TERM
Call FACTOR
check for &, ho.
check far [ Yes, h = 2
check for & Ko
sl EXPR
Call TERKM
Call FACTOR
check for & Mo
check 1or [, ko,
check for f Yes, & = 3.
F=turn frue fram FACTOR.
cheok 1or =, KO
Feiurn frue 1rom TERM
check for +, “es, b = 4.

check for #, o
Call EXPR
Cull TERM
Cull FACTOR
cheok for & Mo
check for [ ko

check for £, es, b = 5
Feturn 1rue fom FACTOR.
check 1or = bkl
Fe=turn frue from TERK.
Feturn 1rue 1rom EXFR.
Feturn frue from EXFR.
check for ] es. h = &
Fetumn frue from FACTOR.
check far -, Yes, k = 7.

check ar &, ko
Call TERK
Call FACTOR
check for #, RO
check tor [, ko,

check for ¢, YWes, h = &
Fefurn frue {rom FASTOR.
check tor -, Ko
Fetumn frue from TERM.
Feturn 1rue from TERM.
check for + Mo
Feturn rue o EXPR.
check for &, Yes, h = 9
Faturn “WALIDY from MAIRL

< Trage of Aonthm BECDSMT for the stnng [+ A% =
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Left Recursion
- RBecursive - Descent parser= %1 loopT WHE =71 2ITH

Bg) Bxpr ——= pxpr + fECm

A4 production rule 252 W AR EE A5 nontermingl 0 SR U2 pgpsS
T proceducelfunction) A/t (egl2t 2= prodoction rules AMEE :’“—?—Dﬂ A0 2EZO
pEpl T AEE? OiEH exprs HT functionS recuarsivest ARMES EAE Aoty J210
01T IMEE 2O [popd] WHEA A EL

<1eft recursion A=

A= Aslg
mli& A= gA cright — recursion
A = 24|
JIE mom
Eog+TIT E£°T B +TE g
BEl 7 T T F| R e T = R
Folg | id A= T *ET g
¥ :*F sy 'd
S F=0HE |
onﬂ.g
A- BEAS0] 0] BT HE ORHE: 2= J1EES ARESTH 0T AE- 8% FE81E A
o 4 CI0E 34 oRRsr 20] A- BHYUEE 5 + SO

A= Aax) | Az |~ | Ao | 8| By | -~ | B,

WAIHA AT 45 AT AR HELh 01F 4- BEASE ORhE 201 d¥s = 50
A BA | BA | v | BAT
A = a AT g | | 3 | &

Left Factoring

Left Factoring®st 28 HBL SIHEA predictive parsing™ Y%= 24
ENFEOIL) 2R BEE ponterminal A0 T T ) G

A SEEE O, S AHE 8 4+ R USEE 525 5= A
I 4-88ASS BAAIE 2010
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£ =0 VREig 2= T ME FHAS BAL
st —+ iE epr then spnr else spmp
| if exzr then seenr

U B2 i =1 HHHME speE BETIEN MR BELAS ARESOIEAS A 2
2 = wi 'E'—:!‘,ﬂ_ﬁii OF2F A — af) | a8t 201 F MY A- BE20] 3120, 4UE0] o
EEH mLE THO] OHHd ZAEE ASEE] oIEH AR 28,014 o8, B L 2R B
0F 24 E 201 g 23U A 2A'E BEE FH 04T 282 BUAE = RN J2lA
L a4 s GEHE B, A4S 404 4&E ZEATIL 012101 B left factored
H 0L, #HHE BEASS ORiE 20 HEEL

A s apap, —eECAnE. 4 o4

A = B | By

HA) CRAE] 8T WET else =AE SUIERT 21010

5 — iEH | E5eS | &
E— 4

HANA f ¢ 2 ex 22 0E then 12]70 elseS =510 &2 5= TETECM TEREETS BAITH
L} 0] 2¥E Left-facteringsH® OFRs 201 2L

5= {ESY | a
-
E— 4
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Pradictive Parsing :

- Becursive-Cescent Parsing?] S8BT WH2 24 "lockahead THASI|EIE 01ESE i2H 2F
Monterminal S AZISHEE functions WY O EEE0] gL Y=ES AZISkE functionS=2]
AR =271 THIE O U= T parce treeE AT

cf) “lockahead” = UEHEAIEHA WA AM2TL 31E= token,

L .

- Backrracking= S 240 persing®r 4~ Q1=

Bzl Etype  —— Gimple
| T id
| arcas [ simple 1 of type
sitnple —— l0bEgED
| char

| um dotdet num

array [ oum dotdet oum ] of integer
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predictive parser= nontecrmingl pupeddt sfepfe 210 TETF ZTRALAY moph® 25N 51
L},

procedure smzpch (6 ¢ boken)

begin
if (oolaihend = ¢ then
fogicghecd = pextroken
else error
end :

procedure ppe

begin
if (cokzhend = { integer, char, num } 20 ST} then
simgle
else i fockiherd = * T then begin
et U770 0 o id)
end
else if fookmhesd = array then begin
ergporlArray) o oemopckl ) semple © ommerch UT) mopctiof): pupe
end
else error
end :

procedure séngle
begin
if {ooimhend = integer then
sryztoH inkeger)
else if fookhend = char then
srzpecid char)
else if /ookohesd = num then begin
rragpciinum) | sopcrdotdot) | ererch num)
end

else error
end :

< S T2 214 BE(Psendo-code) =
IFIE 22 T ppes AT ZXAIAE WAL EH AZELL W folahecds R
== & U™ E20 arragE FHE F0ITE ZERAAE ppe—

g armay); mopctl [0 stnplel mopdd" ) mepetof)) pupe



BT pupetl] THTT OREH2] BE 2140 HIWSTHEA H2] ZTE S438E JA1000;
fure —+ Y [ sl 1 of ppe

redictive parsers 4 330 LETZ0] A BUTE A WA 72T TAWRKE A
5 TR0 JBOR 31D T

FIRSTistrmpfe) = | integer, char, num |
FIRST(Tid) = { T}
FIRST array [ sirple ] of pupe) = 1 array |

FIRET §H< A — o8t A — gt 20] T NE] neoferminal™ teiA = N 02 AH
2107 2ICHH BtC A DTEHOE T} S, backbtracking®] 9= recursive descent parsing 51
A= FIRST )2} FIEST] 207t 2T E MO $HL

JdO™ 65 J1E7T Mt BE i AR ZI0LEE 238050 AREE = AL HE =9 YW
Z J|ELFIRST(a) @8 ST, o7 AAEE 21014, J37] 41 WS J1E71 FIRSTIE)
ST STHHRE, 20T AREE 2100,

HEY M4 T HE MEH HOII)?
ZEZM Ut Fls BE A2EE FET AT BESHY recursive-descent parser= AMREE
A4 H20] SUE §iE O EEsT ¢ BE JAS AETIN AE M OIS BEAL

shmf — begin off  shafs emd
afif _simk — chmi Mi| =

HNA gprsempsS LY Of oS J1E7T FIRST (seenr (st YN 514 T o B4
+210] AREE Z0N TP A JZ0T end2fH O] T HAEE EHEE ZI0LL sperS TRUIE
of end ©]12]H LHE HS A2/ SHEUE 227 2R/ered 2 TEE 0L

predictive parser?] dH

predictive parser 2Z08= 3 M= nentecminal & AT =T AAZ ETH 210
4 ERAIASTS "R F 7EA 82 T
l, lookahead symbolE S04 G B4 g2lE AREE ZIUAE 28T 0] Of leokahead A}
FIRET ) SEH SR 5 2534 7 84 ﬂ-”g AMEE ZOIL}, Trer ofH
lookahead™ HERA = M2 HE 720 ZERA K Js AR AUAE 2438 + gLE
0] ZH= predictive parsing WES AMEY = QT DreF u:q]-“ &I HEOE MA pale] o=
Zo] Tt FIRST ST £514] M08 255H ¢ 71 515 34 Falo] AR
4 ERAAE BE 35 2ELZS EHWEC ARIE YU=ES AT 5 3E $2E
2EZH 9= nonterminald] WERAE D210 T ZRAHE 22471, lockaheadst YRI5t
e E = He == ‘“01201311 TILE T Al 2o BE wEY 51 tokendt lockabead
g i S i el ot TEATEY



{1 Parsing Table 33

1. predictive parsing take

predictive M BPEE rpcursive-descent WS EV2E MRS HEK ABE 0BT
O O] IAE Y=, A8 90 TIMREE ZAEL

YR AL HOEAN = TAHI TR 2EHE AIELR UETEAE 2184 IS
AT 20 0] RS ST HEKA= FIRET2 FOLLOWS #£91 D=0 01ES U=
201 F=E4 S0

FIRET(a) ¢ THE o/t ZE67EE Y8 2EZ0RRME FIRETals aEZFH sEH= 25

= AZRIE terminal=2] AEOICE EI g e 0]2FH ¢ = ET FRST

(e d0f <514 2L
O FIRS TS Adels B8 US4 20 28 =71 5

ol

(1) Tr 2t S terminal©TH (@l FIRSTq 910,
() Tr8 o 7t 842 nonferminal®1 ™ q—+a 22T B-EH4 BIOTH terminal ax FIRST (o) 35T
A QU ET = 2] BE(4 0] FHSTHE = & FIRST( ) 3514 =HCL

() T a— Y, Y28 B0 9T ¥, V.7t nonterminalOll V¥, ¥ Soe
o8 FIRST Y= FIRST( o) Hotd L e = AT I 0] FIRSTO ¥), j = 1,
g .. BOIH = FIRST(a )00 £5H4 L

HE 4 LS =844

E—=TF
B B+ TIT et recursion®H E- = +TE | ¢
T= T+ F|F — Tr—=FT
F—= (g |id T = *FT | &
F—=(E)|id

w2 (A 2E BHOIES O AR FIRST 2t Ehbs Z0IHIFIRSTR = id], 72 2= 34
a—>a f00A HOTE a?t FIRST(a )7t e, a—a s8] BUS o1 HEE

M E'—~TE, T'=+FT", F=>{E), F=id
S, += FIRST(E"), *= FIRST(T"), (= FIRSTIA, id = FIRST(AH S8 Y 5 0L
o3 (3 25 o — V... Y A4 FIRST] ¥i= FIRST () Sshed, d8E F
a— V... Y2l 2O T 3482

2 57T T =5
O, TR FIRST(T) C FIRST(E) FIRET(F C FIRSTON 7Y IEE FIRETOS < FIRST
(7Y CFIESTLE T B0 S e = = FIASTE 2= H4=

E'—=g, T'—=g



OIEE = FIRETIE"), FIRET( T )M 217 S5t =0 TR
FIRSTIE™D = i+, g}
FIRSTIT) = {* g}
FIRET(E) = FIRST(TY = FIRST(FY = {[id}

g +7t A0}

e

o

FOLLOWT A) ¢+ ™™ nentermingl AH WHERH sentencial form™A 42] 25T LERLE
terninal®] s Yot=, T A7t seotenciel formdlA VR 2EF =2
O1H H UL EFANC] EEHLL FOLLOW! 4)= TS 201 AAT

(13 TFE A2F start symbol@1™ = FOLLOWIA I ERELCL

(2 BE A=a BE, Afxcd HEHHE S AT FIRSTI &1 FOLLOWT B)H ST,

(3 BE A—»oa B TS A>»e dF0AH E f—e0H FOLLOW, 4)= EF FOLLOWL B0
ST,

2 ZHAA FOLLOWE AMsid B4
2 ()W 2]5K4 = FOLLOWI(E)H S51H,
o3 [E)H 25K 4= B g, Sxclf BYS T BES
FreE), Trapl F=+TFE
AU, FIRST( 5371 FOLLOWT Bio] £51H DBEE

FOLLOWIE) = FIRSTO) = (It
FOLLOWIF) = FIRST(T") = {* (< &)
FOLLOWIT) = FIRET(E") = {+} (== HED
= 24 HEL
2 (3 E25HY d—=a B2 RYE T EES
Ews TEG; TR T
U, FOLLOWE 4)= E5F FOLLOWE)M H3tER

FOLLOWIE) C FOLLOWIE)
FOLLOWL T C FOLLOWI( T )
T 33 (3014 A-aB g, ps o YO BHE

ETE R e TR T T
U, FOLLOWT A)= FOLLOWT B 312 =%

FOLLOWL E) < FOLLOWIT)
FOLLOW T1 C FOLLOWR)
FOLLCWE £ < FOLLOW T < FOLLOW )

0] SEEHEE Us HL0] 01R03T
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FOLLOWIE) = { & )1
FOLLOWIT) = { & ), + 1
FOLLOWE) = { 8 3+ * 1

IS FOLLOWITE ) FOLLCW IS B ® Adrg 2 215 71587 8271 f=H
FOLLOWIE") o FOLLOWI E), FOLLOWIT) o FOLLOWT 1)

2 A
FOLLOWIE") = FOLLOWIE) ={ %, 11
FOLLOWLT) = FOLLOWIT) = { &, 1, +}

E 8= 71 5L

2= FIRETSE} FOLLOWSE 0]E5HH US4t 20 peedictive parsing tables 2%,

(1) A== BH0q St (2), B ST

(2] FIEST{ o)™ 2= BIOTE af it B A, o) A—=aE YEH

(3) FIESTC 40 Z35t= HO'E b e T8 0] FIRST(@)H 51 4—=aE M AR

He
e £ 9] FIRST(a)9IH §2] FOLLOW 4)H £5tH A—-aS M4 8N ¥=
(1) LFHA] 81 == error® HTHL
2 (2 25K 4— M FIRET(@)E 6 BAL A8E & ac
L TE, +TE & BT 2T g (E) i
SUd, BA TEE 0185 FIRSTIT E)E ALSTE 2] (2)o] &siA
FIRST(TE") = FIRST({T) = { (, id }

5 US4 30 VY ESTEE
MIE (], MIE id]
o] SIS ¥ 4 USH, TS +TE o 51

FIRST+TE) ={ + }
0BE=E BE F'=»+TE T
ME", 4]
o S07ITE
L= FTO 5K
FIRST( FT) = FIRST(H = i, id}
E ¥ BHE T FTE
MU 0, MO id]
o =921 =L
LHS + FTO] 51
FIRST(* FT) = {*
OBEE HE T« FTE
Ml T, #
o 7 AL
T (515} idof e
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FIRETED = {0 }

FIRET(d) = {id}
OEE B8 F{gs F=ds 2]

M LE (]

M L5 id]

H =M 0L
2 (3 25He BE A= o O] HEKY ¢ O] FIRST] o 1M S35 A=
Er—=g, T =z
2 BFER O1EE] FOLLOWI A4S HH
FOLLOW FE 3=18, 1 1
OER B8 B g
MUE -, I MIE 7§
H =M T,
FOLLOWO")={E , ) + ]
OER 38 =T
MUE T, +, MUE 70, MTE 7 8
o S parsing takleE THEA HLOL
TE= E0F BE T=H ORENar 20
< parsing table =

id + * ! 2
F F—=TE S—=TE
i = +THT HF—=e
T T T
T T— g T 5T T—g
5 F—id S5}




& Parse Tree BA(pht 1EEM-E)

TRIEY 25K AE YEoE TR0 e AMES 4EEAL

(1) AXE A8 fr= AZE 51 T0 id + iddd §2 U=ES 20F AW ZAHE ¥eedt
UHE o= (d7t HEE TENA ALK idl = B TES 24 TEE AHE (2042 20
O E= TE 2 kS MEX FA BLOL

/ ’ \
T X
(F1 AN ¥ e T o= WOIRE AT id]l = T= FTE 49X T, AMZE (3]0} 20] ©H .}
=3 2= UR2EE 94 O

(3) A= X = B o= dOIEE 4[5 idl = F=d7t B0 BWRLEE TS0 £0] HeH Jh

/\
/\
m/

(1) QM= ¥ = WOEZ A3 (O 25K X=ide S2BY YUl L8 21H
(HE A (52 €= Z20 Fh
(8) MHE X— T, o= +01ER AT, +] = T—:0EE URZEE TEI 20 B

rr
%I
4o
r
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