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END-OF-STRING (EOS) & AUGMENTED PRODUCTION
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stmt — expr ;
| if ( expr ) stmt
| for ( optexpr ; optexpr ; optexpr ) stmt
| other
optexpr — €

| expr

stmt

\
for ( optexpr | optexpr . optexpr ) St?@t
| | |

€ expr expr other
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stmt — expr :
| if (expr ) stmt

| for (optexpr ; optexpr ; optexpr ) stmt

1 | other
Stmt optexpr T cexpr
PARSE TREE !
INPUT f(%r ( ; expr ;expr ) other
2
stmt

for ( optexpr [ optexpr ~ optexpr ) stmt
PARSE TREE T

INPUT f(%r ( ; expr ; expr ) other

3

stmt

for ( optexpr [ optexpr = optexpr Wmt
PARSE TREE T
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(S 5L ($0uS S g (s 5aS Gl o9
Soslaasag (Mool S ObLL Ha 6l

S o (Sleal 3 15 SuS 5058 5 FES5L oo Ladl s !
c o alel 4 5a8 T3 B

Prepared by Kazim Fouladi | Fall2017 |3rd Edition

P



X
(S 5L ($0uaS Sua g (S
(¥ 1Y) 5 soaels & 53 salus (s 50l S 1) Jlie

type — simple
| array [simple] of type
stmple — integer
| char

| num dotdot num

void type()

{
. if (lookahead is in {"integer", "char", "num"}) simple();
- else if (lookahead == "array")
5 {
= match("array"); match("["); simple(); match("]"); match("of"); type()
E +
3 else error();
£}
£
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type — simple
| array [simple] of type
stmple — integer
| char

| num dotdot num

void simple()

{
. if (lookahead == "integer") match("integer");
§ else if (lookahead == "char") match("char");
5 else if (lookahead == "num"
z {
: match("num"); match("dotdot"); match("num") ;
3 +
§ else error();
8 +
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type — simple
| array [simple] of type
stmple — integer
| char

| num dotdot num

void match(token t)

{
if (lookahead == t) lookahead = nextToken();
else error();

}
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type — simple
| array [simple] of type

simple — integer | char | num dotdot num

‘array [ num dotdot num ] of integer‘

bl Sl cono

7 type() )

match("éﬁ";a%)'rr"r)r N match("[") simple () match("]") match("of") ‘1;‘yp‘e()
match("num") match("dotdot") match("num") simple ()

match("integer")

s G )d

type
array | simple ] of type
num dotdot num simple

integer
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stmt — begin stmts end

stmts — stmtl | €

void stmts()

{

if (lookahead == ...) stmtl();
else if (lookahead == end) return;
else error();

}
g begin end
% stmt
é begin stmts end stmt
é begin stmts end
% stmitl €
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e Grammar:
S — Ab| Be
A—-Df|CA
B —gAle
C —dC |c
D — h|i

e Sentence: gch fc

e The leftmost derivation:
S =, Bc —>1m  gAC —1m gCAc
—m ¢§CAc = gcDfc = gchfc
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e Grammar:

S — Ab | Be

B —gAle
C —dC|c

D—)h|?;

_,=—>hjb
e )

/«:"‘AK = dCAb=> - .

Z S CA

\ :>qu — -
:>Bc.\:’%

e All possible leftmost derivations:

First(Ab) = {c,d, h,1} First(Bc) = {e, g}

g —cAb— - --

-
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S — ABCd
A—el|f|e
B—gl|h|e
C—plq
eDCd—
S— ABCd—»fBC‘dz\:/ng:

CIt—pg— .
4=

First(ABCd) = {e, f, g9, h,p,q}
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S — ABC
A=e|f]e
B—gl|hl|e
C—plqle
C/e%C:>
— B — C—
S=AB \éc > Y
iﬂC:_ﬂ D
O:>£,q

\6
First(tABC) ={e, f,g9,h,p,q,¢}
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First(a) ={a : a =" af}U{e: a =" €}
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(First) HLET =0

P

First(e) = {e}

First(a) = {a}

First(aB) = {a}
First(A) = U First(a;) ,A— o |as| ... |a,€P
First(Aa) = First(4) ;€ & Flirst(A)

(First(A) — {e}) U First(a) ,e € First(A)
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(First) HLET =0

3 coaeld First cdwlas uel 43
~ & s« >

First(X1Xs... X)) = (First(X,) — {e})
U (First(Xs) — {e}) X1 =" ¢
U (FiTSt(Xg) — {E}) , X1 =" €, Xo =€

U (First(X,,)) ,Xi="¢Xo="¢...,X1="¢
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(First) HLET =0
JBs :First (gaawlas
E — TE
E — 4TE'| —TE | ¢
T — FT'
T — xFT"| JFT' | €
F — id| (E)
First(E) = First(TE") = {id, (}
First(E') = First(+TFE')U First(-TE")U{e} = {+,—, ¢}
First(+TE') = {+}, First(-TE') ={-}
First(T) = First(FT") = {id, (}
First(T') = First(«xFT")U First(/FT") U {e} = {x, /, €}
First(«FT') = {x}, First(/FT")={/}
First(id) = {id}, First((E)) ={(}
First(F) = First(id) U First((E)) = {id, (}
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4LLL ,a Follow

Follow(A) = {b: S =" aAbB}
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Follow (s4swlas ucl 3

sl el oo jallb A salll gl s S 2l weld el cnn Sl Follow(A) g3 sl

$ € Follow(S)

A — aB , Follow(B) 2 Follow(A)

A — aBf , Follow(B) 2 (First(3) — {€})
A — aBf, € € First(f) , Follow(B) 2 Follow(A)

L)% 13 slabll zea sFollow ) € S0

Prepared by Kazim Fouladi | Fall2017 | 3rd Edition

P



Prepared by Kazim Fouladi | Fall2017 | 3rd Edition

Ya

(Follow) 4 o &=l

P

JGs :Follow saswlas

E — TFE

E — 4TE'| —TE' |

T — FT'

T' — «FT'| JFT | e

F — id | (F)
Follow(FE {),$}

) =

Follow(E") = {),$}

Follow(T) = {+,—,),$}

Follow(T") = {+,—,),$}
) =

Follow(F) = {+,—,%,/,),%}
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First(a) € & First(a)
(First(a) — {e}) U Follow(A) e € First(a)

Select(A — «a) =
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Procedures for Recursive Descent Parsing

Lags 3 clallae Ji g, A GLLL ja ¢l 5 g
Match(t) parseA()

void match(token t)

{
if (lookahead == t)
lookahead = nextToken();

else error();
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void parseA()

{
if (lookahead € First(on)) {Xu1(); X120); -.. Xuk, ()5}

else if (lookahead € First(as)) {Xa(); Xo2(); ... Xog,():}

else if (lookahead € First(ay,))  {Xm(); Xm20); - Xk, ()i}

else error();
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void parseA()

{
if (lookahead € First(ay)) {Xu1(); Xi2(); ... Xu, ;)

else if (lookahead € First(as)) {Xau(); Xo2(); - .. Xog,();}

else if (lookahead € First(ay,)) {Xmi(); Xm2(); -0 Xk, ();}
else if (lookahead € Follow(A)) return;

else error();
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Jis -parseA() Jis,

Coding parse «;

e Suppose o; = aABbC', where A, B and (' are
nonterminals

e parse «; implemented as:

match("a");
parseA();
parseBQ);
match("b");
parseC();

e If a; = ¢, then parse a; implemented as:

/* empty statement */
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Left-to-right scanning Left-most derivations
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(I) First(a) N First() = @
(IT) if & =" € then First(() N Follow(A) = @
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(I) Uizj(First(cy) N First(o;)) = @
(IT) if 3j(oj =" €) then Vi(i # j — oy %" €)
(IIT) First(A) N Follow(A) = @
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Compilers

Principles, Techniques, & Tools

Second Edition

Alfred V. Aho
Monica S. Lam
Ravi Sethi

Jeffrey D. Ullman

A. V. Aho, M. S. Lam, R. Sethi, J. D. Ullman,
Compilers: Principles, Techniques and Tools,
Second Edition, Addison-Wesley, 2007.

Chapter 2 (2.4), Chapter 4 (4.4)
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