CFG: Formal Definition

Design the CFG for strings of properly-nested parentheses.

eg., O, OO, (OO O,ete
Present your answer in a formal manner.

A context-free grammar (CFG) is a 4-tuple (V, X, R, S):
o Vis a finite set of variables.

o Y is afinite set of terminals. -

o Ris afinite set of rules s.i.
Re{v-s| (NG

o Se Visisthe start variable.

Given strings u, v, w , variable arule

o menas that uAv yields uwv.

* - .
o U= v | means that u derives v, if:
e U=v;or
o U U =>U=--=>U =V [ a yield sequence ]

Givena CFG G=(V, ¥, R, S), the language of G

Lo - (I



Context-Free Grammar (CFG): Example Version 3

Example: a * a + a

Expr - Expr + Term
Term
Term — Term = Factor

Factor
Factor (Expr)
a




Context-Free Grammar (CFG): Leftmost Derivation

Parse Tree: a + a * a

- Expr + Term
| Term

- Term x Factor
|

|

Factor
(Expr)

a

Factor

LMD:a+a*a

Order of evaluation?

A parse tree may correspond to:
+ multiple derivations
+ a unique LMD



Context-Free Grammar (CFG): Rightmost Derivation

Parse Tree:a + a * a RMD:a +a*a

Expr + Term Order of evaluation?
Term

|

—~ Term = Factor A parse tree may correspond to:
|
|

Factor + multiple derivations
Factor

(Expr) i
a + a unique RMD




Context-Free Grammar (CFG): Leftmost Derivation

Parse Tree: (a + a) *a | LMD: (a + a) * a

Expr

| Expr = Term
Term = Term x Factor
Term/ 1 \Factor = Factor ~ Factor
I 1 = ( Expr ) = Factor
/Fa°|“< a = ( Expr + Term ) « Factor
(" Expr ) = ( Term + Term ) x Factor
VLN = ( Factor + Term ) x Factor
Expr + Term
| | = (a+ Term ) x Factor
Telrm FaTtor = ( a + Factor ) = Factor
Factor a = (a+a) x Factor
| = (a+a)  a
Expr - Expr + Term Order of evaluation?
| Term
Term - Term «x Factor A parse tree may correspond to:
| Factor + multiple derivations
Factor — (Expr) =

- + a unique LMD



Context-Free Grammar (CFG): Rightmost Derivation
Parse Tree: (a + a) *a | RMD: (a + a) * a

Expr

| Expr = Term
Term = Term = Factor
Term/ l \Factor = TJerm x a
l | = Factor » a
Factor a
SN = ( Expr ) « a
(" Expr ) = ( Expr + Term ) * a
Expr/ N = ( Expr + Factor ) » a
! | = ( Expr + a) * a
Telrm Fa<l:tor = ( Term + a ) * a
Factor a = ( Factor + a ) = a
| = (a+a) * a
—~ Expr + Term Order of evaluation?
| Term
—~ Term = Factor A parse tree may correspond to:
| Factor + multiple derivations
Factor — (Expr) T
|

o + a unique RMD



Context-Free Grammar (CFG): Exercise (1)

Is the following CFG _ambiguous?

Expr — Expr + Expr| Expr = Expr| ( Expr ) |a



Context-Free Grammar (CFG): Exercise (2.1.1)
Is the following CFG ambiguous?

Statement if Expr then Statement
if Expr then Statement else Statement

Assignment

Example: A Possible Semantic Interpretation?
if Exprl then if Expr2 then Assignmentl else Assignment2

Statement

Expr then Statement else Statement

/M l

if Expr, then Statement  Assignment,

|

Assignment,




Context-Free Grammar (CFG): Exercise (2.1.2)
Is the following CFG ambiguous?

Statement — if Expr then Statement
| if Expr then Statement else Statement

| Assignment

Example: A Possible Semantic Interpretation?
if Exprl then if Expr2 then Assignmentl else Assignment2

Statement

P

Expr4 then Statement

if Expr, then Statement else Statement

| |

Assignment, Assignment;




Context-Free Grammar (CFG): Exercise (2.2)
Is the following CFG ambiguous?

Statement if Expr then Statement

if Expr then WithElse else Statement

WithElse

if Expr then WithElse else WithElse

|
| Assignment
| Assignment

Example: How many possible semantic interpretations?
if Exprl then if Expr2 then Assignmentl else Assignment2

Can a derivation starting with work?
Can a derivation starting with WithElse work?



Discovering Derivations

Input Grammar G AST: (a + a) * a

- Expr + Term
| Term

- Term « Factor
|

|

Factor
(Expr)

a

Factor

Factor

/X

( Expr )

/X

Expr + Term
| I
Term Factor

Factor a




Discovering Derivations:

Top-Down vs. Bottom-Up

Input Grammar G

Factor

—
—
—

Expr + Term
Term

Term x Factor
Factor

(Expr)

a

TOP: (a + a) * a

BUP:(a+a)*a

Factor

/X

( Expr )

/1IN

Expr + Term
| [
Term Factor

Factor a

a

Expr
|

Term

/ | \
Term * Factor
l I

Factor a
/ I\

( Expr )
/TN

Expr + Term

| I

Term Factor

Factor a

a



Top-Down Parsing: Algorithm Input Grammar G

Expr - Expr + Term

ALGORITHM: TDParse | Term

THRUT: EBCNG=LY) 2y H) ) Term - Term x Factor

OUTPUT: Root of a Parse Tree or Syntax Error
PROCEDURE : |  Factor

root := a new node for the start symbol S Factor — (Expr)

focus := root

initialize an empty stack lrace | a

trace. push (null) *
word := NextWord() I l, . ( )
while (true): p a+a a
if focus e V then
if Junvisited rule focus - B1B2...Bn € R then
create (31,85 ...0n as children of focus
trace.push (BnBp_q - .- B2)
focus := 4
else
if focus = S then report syntax error
else backtrack
elseif word matches focus then
word := NextWord()
focus := trace.pop()
elseif word = EOF A focus = null then return root
else backtrack

Factor

/TN

( Expr )

/1IN

Expr + Term
| l
Term Factor

Factor

backtrack = pop focus.siblings; focus := focus.parent; focus.resetChildren

a




Top-Down Parsing: Discovering Leftmost Derivations (1)

ALGORITHM: TDParse Parse: a+a a a

INPUT: CcFG G=(V, X, R, S)

OUTPUT: Root of a Parse Tree or Syntax Error
PROCEDURE :

root := a new node for the start symbol S

focus := root

Expr + Term
Term
Term « Factor
initialize an empty stack lrace
trace.push (null)
word := NextWord()
while (true):

if focus € V then

if 3 unvisited rule focus - B1B2...Bn € R then

Factor
(Expr)

a

create (1,82 ...08n as children of focus
trace.push (BnBp_q - - - B2)
focus := 4
else
if focus = S then report syntax error
else backtrack
elseif word matches focus then
word := NextWord()
focus := trace.pop()
elseif word = EOF A focus = null then return root
else backtrack

backtrack = pop focus.siblings; focus := focus.parent; focus.resetChildren



Left-Recursions (LRs): Direct vs. Indirect

Direct Left-Recursions:

- Expr + Term
| Term

- Term = Factor
|

|

Factor
(Expr)

a

Factor

Indirect Left-Recursions:

A - Br
B - Cd
C - Al

Expr + Term
Expr - Term
Term

Term = Factor
Term / Factor
Factor




CFGs: Left-Recursive vs. Right-Recursive Example: a + a * a

CFG with Left Recursions CFG with Right Recursions

Expr + Term Term Expr’
Term + Term Expr’
Term « Factor €

Factor
(Expr)

Factor Term'
= Factor Term’
e

(Expr)

a

I A N
Term Term * Factor

Factor Factor a

a a



Top-Down Parsing: Discovering Leftmost Derivations (2)

. *
ALGORITHM: TDParse M- a+a a

INPUT: CFG G=(V, X, R, S) Exor -
OUTPUT: Root of a Parse Tree or Syntax Error Expr' - + Term Expr'
PROCEDURE : | e
root := a new node for the start symbol S Term - Factor Term'
—
|
.
|

Term Expr’

focus := root Term! = Factor Term'
initialize an empty stack lrace c

trace. push (null) kExpr)
word := NextWord() =
while (true):
if focus e V then
if 3Junvisited rule focus - B1B>...Bn € R then
create B1,B>...0n as children of focus
trace.push (BnBp_q - - - B2)
focus := 4
else
if focus = S then report syntax error
else backtrack
elseif word matches focus then
word := NextWord()
focus := trace.pop()
elseif word = EOF A focus = null then return root
else backtrack

Factor

backtrack = pop focus.siblings; focus := focus.parent; focus.resetChildren



Top-Down Parsing: Discovering Leftmost Derivations (3)

ALGORITHM: TDParse parse: (a + a) %* a

INPUT: CFG G=(V, X, R, S)
OUTPUT: Root of a Parse Tree or Syntax Error
PROCEDURE :
root := a new node for the start symbol S
focus := root
initialize an empty stack lrace
trace. push (null)
word := NextWord()
while (true):
if focus € V then
if 3Junvisited rule focus - B1B>...Bn € R then
create B1,B>...0n as children of focus
trace.push (BnBp_q - - - B2)
focus := 4
else
if focus = S then report syntax error
else backtrack
elseif word matches focus then
word := NextWord()
focus := trace.pop ()
elseif word = EOF A focus = null then return root
else backtrack

Term Expr’

+ Term Expr’
€

Factor Term’

~ Factor Term’
€
(Expr)

a

backtrack = pop focus.siblings; focus := focus.parent; focus.resetChildren



Removing Left-Recursions: Algorithm

O©CoOoONOOOTPA~,WN =

ALGORITHM: RemoveLR
INPUT: CFG G=(V, X, R, S)
ASSUME: G has no e-productions
OUTPUT: G s.t. G'=G, G has no
indirect & direct left-recursions

PROCEDURE:
impose an order on V: ((Aq,Ag,...,An))

foxr J: 1 .. Mg
for Ju 1 .. [—1¢
éLE A,'-)Aj’yER A Aj—>51 |62 |...|dme R then
replace Aj— Ay with A;j— 017 |d2v|...|dmY
end
for A - Aia|BeR:
replace it with: A;— BA;, Al > aA|e




Removing_Left-Recursions (1a)

1 JALGORITHM: RemoveLR

2 INPUT: CFG G=(V, X, R, S)

3 ASSUME: G has no e-productions

4 OUTPUT: G’ s.t. G’ =G, G has no

5 indirect & direct left-recursions

6 § PROCEDURE:

7 impose an order on V: ((Aq,Az,...,An))

8 for i: 1 .. n:

9 for j: 1 .. i-1:
10 if 3 Ai-AveR A A »61|d2|...|dme R then
11 replace Aj— Ajy with A; -1y |dav|...|dmv
12 end
13 for Ai—- Aia|BecR:
14 replace it with: A;— BAl, Al - aAl|e

Expr + Term
Term

Factor
(Expr)

a

Factor

_)
|
— Term x Factor
|
—_
|



Removing_Left-Recursions (1b)

1 JALGORITHM: RemoveLR

2 INPUT: CFG G=(V, X, R, S)

3 ASSUME: G has no e-productions

4 OUTPUT: G’ s.t. G’ =G, G has no

5 indirect & direct left-recursions

6 § PROCEDURE:

7 impose an order on V: ((Aq,Az,...,An))

8 for i: 1 .. n:

9 for j: 1 .. i-1:
10 if 3 Ai-AveR A A »61|d2|...|dme R then
11 replace Aj— Ajy with A; -1y |dav|...|dmv
12 end
13 for Ai—- Aia|BecR:
14 replace it with: A;— BAl, Al - aAl|e

Expr + Term
Expr - Term

Term
Term x Factor
Term / Factor
Factor




Removing_Left-Recursions (2a)

1 BALGORITHM: RemoveLR

2 INPUT: CFG G=(V, X, R, S)

S ASSUME: G has no e-productions

4 OUTPUT: G’ s.t. G'=G, G has no

5 indirect & direct left-recursions

6 § PROCEDURE:

7 impose an order on V: ((Aq,Az,...,An))

8 for i: 1 .. n:

9 for Js 1 .. =12

10 if 3 Ai-AveR A A »61|d2|...|dme R then
11 replace Aj— Ajy with A; -1y |dav|...|dmv
12 end

13 for Ai—-> Aia|BecR:
14 replace it with: A;— Al Al - aAl|e




Removing Left-Recursions (2b) Poes the order of variables matter?

1 JALGORITHM: RemoveLR

2 INPUT: CFG G=(V, X, R, S)

3 ASSUME: G has no e-productions

4 OUTPUT: G’ s.t. G'=G, G has no

5 indirect & direct left-recursions

6 § PROCEDURE:

7 impose an order on V: ((Aq,Az,...,An))

8 for i: 1 .. n:

9 for Js 1 .. =12

10 if 3 Ai-AveR A A »61|d2|...|dme R then
11 replace Aj— Ajy with A; -1y |dav|...|dmv
12 end

13 for Ai—-> Aia|BecR:

14 replace it with: A;— Al Al - aAl|e

Indirectly Left-Recursive CFG:
C — At
B — Cd
A — Br




Removing_Left-Recursions (2c)

1 JALGORITHM: RemoveLR

2 INPUT: CFG G=(V, X, R, S)

S ASSUME: G has no e-productions

4 OUTPUT: G’ s.t. G'=G, G has no

5 indirect & direct left-recursions

6 § PROCEDURE:

7 impose an order on V: ((Aq,Az,...,An))

8 for i: 1 .. n:

9 for Js 1 .. =12

10 if 3 Ai-AveR A A »61|d2|...|dme R then
11 replace Aj— Ajy with A; -1y |dav|...|dmv
12 end

13 for Ai—-> Aia|BecR:

14 replace it with: A;— Al Al - aAl|e

Indirectly Left-Recursive CFG:




Eliminating_epsilon-Productions

Q: Nullable variables?




Top-Down Parsing: Backtrack

ALGORITHM: TDParse
INPUT: CcFG G=(V, X, R, S)
OUTPUT: Root of a Parse Tree or Syntax Error
PROCEDURE :
root := a new node for the start symbol S
focus := root

initialize an empty stack lrace
trace. push (null)
word := NextWord()
while (true):
if focuse V then
if Junvisited rule focus - B1B2...Bn € R then

create (31,82 ...08n as children of focus
trace.push (BnBp_q - .- B2)
focus := 4
else
if focus = S then report syntax error
else backtrack
elseif word matches focus then
word := NextWord()
focus := trace.pop()
elseif word = EOF A focus = null then return root
else backtrack

backtrack = pop focus.siblings; focus := focus.parent; focus.resetChildren

Term’

—>
—>
9

|

|
9
%

I

I
—

I

I

Expr

Term Expr’

+ Term Expr’
- Term Expr’
€

Factor Term’
X Factor Term’

= Factor Term’




FIRST Set

{W|WeZ*/\a:*>WﬁAﬁe(VuZ)*}

Right-Recursive CFG:

Expr
Term Expr’

+ Term Expr’

- Term Expr’

€

Factor Term’

6
7
8
9
10
11

Term’

Factor —

ifaeT

x Factor Term’

=+ Factor Term’

€

( Expr )

num
name

num name + -

eof

st -- - [

€

ifaeV

Expr

Expr’ Term

Term’ Factor




FIRST Set

{a} ifaeT

FIRST(a):{ .
wlweXr*ra=wparfe(VuX)} ifaeV

Right-Recursive CFG:

Expr 6 Term' x Factor Term’

Term Expr’ + Factor Term’

+ Term Expr’ €

- Term Expr’ ( Expr )
€ num

Factor Term’ name

Q. Will FIRST(Expr’) change if we add another rule?
Expr’ — Term’ Factor



FIRST Set: Algorithm
{a}

FIRST(«) =

ALGORITHM: GetFirst
INPUT: CFG G=(V, X, R, S)
T cXY* denotes valid terminals
OUTPUT: FirsT: V uUTu{eeof} — P(T u{e eof})
PROCEDURE:
for ac (Tu{eof,e}): First(a) := {a}
for AcV: FirsT(A) := @
lastFirst := @&
while (/astFirst + FIRsT) :
lastFirst := FiIRrsT
for A—> B1Bs...0k€R s.t. VBIBJE(TUV)
rhs := FIrsT(fBy) - {e}
for(i := 1; E@EFIRST(BI) i < k; i++):
rhs := rhsU (FIrsT(Sj;1) - {€})
ifli=kAneecFirsT(fBk) then
rhs := rhsu{e}
end
FirsT(A) := FirsT(A)U rhs

ifaeT

(WlweS* ra=>wBaBe(VuD)*} ifaeV

Bc is nullable
B ... Bt are nullable

A— b1 B2 - |Br—1|Bk




Right-Recursive CFG:

Expr x Factor Term

FIRST Set: Tracing

, First choose rules
+ Term Expr € =1 |
- Term Expr’ Factor — ( Expr ) whose RHS S'l.arts
= 10 | O with a terminal

Factor Term’ |  name

’ ’
':IEITITIE numfname [+ - I x|+ ( ) eof | €

ALGORITHM: GetFirst
INPUT: CFG G=(V, X, R, S)
T cX* denotes valid terminals
OUTPUT: FirsT: VU TuU({¢ e0f} — P(T U {e, eof})
PROCEDURE : Expr Expr’ Term Term’ Factor
for ae(Tu{eof,e}): First(a) := {a}
for AcV: First(A) := @
lastFirst := &
while (/astFirst # FIRsT) :
lastFirst := FIRsT
for A—>B1B...8k€R s.t. Vﬂ]ﬂIG(TU\/)
rhs := FIrstT(f1) - {€}
for(i := 1; ecFIrsT(B;)Ai<k; i++):
rhs := rhsU (FIrRsT(Sj11) —{€})
if j=KkAeeFIrsT(fS) then
rhs := rhsu {¢}
end
FirsT(A) := FirsT(A)U rhs

/

/

Term Expr’ ~ Factor Term




FIRST Set

ght-Recursive CFG:

ALGORITHM: GetFirst Goal — Expr
INPUT: CFG G=(V, £, R, S)
T cX* denotes valid terminals
OUTPUT: FirsT: VU TuU({e eof} — P(T U {e, eof})
PROCEDURE :
for ae(Tu{eof,e}): First(a) := {a}
for AcV: First(A) := @
lastFirst := &
while (/astFirst #+ FIRsST) :
lastFirst := FIRrsT
for A—> B1B>...6keR s.t. Vﬂjt,@jé(TU V):
rhs := FIRsT(By) - {€}
for(i := 1; ecFIrsT(B;)Ai<k; I++):
rhs := rhsU (FIRST(Sj 1) —{€})
if i=kAneeFIrsT(f) then
rhs := rhsu {¢}
end
FirsT(A) := FirsT(A)U rhs

Expr Term Expr’
- Term Expr’

-
Expr’ — + Term Expr’
|
| €
_—

Factor Term'

Q. Will FIRST(Expr’) change if we add another
Expr’ — Term’ Factor

9 Factor —
10

rule?




Extended First Set Q. How about FIRST(Expr’ — Term’ Factor)?

num name

FIRST num name

Expr Term Term’ Factor

FIRST (, name, num (,name, num X, +,e (,name, num

FIRST(S152...0n) =

Vi:1<i<keeceFIRST(f))
{ FIRST(B1) U FIRST(B2) u...FIRST(Bk) | A }

e ¢ FIRST(Sk)

Right-Recursive CFG:

Expr Factor Term’
Term Expr’ = Factor Term’
+ Term Expr’

- Term Expr’ ( Expr )

€ num
Factor Term’ name




Is the FIRST Set Sufficient?

Term Term’

Expr' - + Term Term' (1)
|-
|

€

FIRST(+ Term Term’) =
FIRST(- Term Term’) =
FIRST(epsilon) =

Expr’




Is the FIRST Set Sufficient?

Term Term’

Expr’ - Term Term’
|
|

Top-Down Parsing: Discovering Leftmost Derivations (2)
FIRST(+ Term Term?) /

ALGORITHM: TDParse Parse:(a

root/:= a new node for the start symbol S Te.rm
Tocus/ := root

p) INPUT: CFG G=(V, X, R, S) Expr - Tem Expr' V
OUTPUT: Root of a Parse Tree or Syntax Error Expr’ + Telm Expr’
- lerm lerm eRocEpURE
Term’
Q inftialize an empty stack trace
e sl On - trace. push (null) Factor
word- := NextWord()

Factar Term |/ /
« Factor Term' W e‘."\
(Expr) t4
while (true): -

if focuse V then x
«if 3 unvisited rule focus — 1Bz ...Bn € R then

3> —> <) creaté ﬂ1 B2...Bn as children of focus

53 > =3 trace.pish (Bnfn-1 - - - B2)

— i — =

TN
k’\mﬁr Q=

= =» focus := By M
?-’ else
if focus = S then report syntax error ;
else backtrack ,F,‘ E "
elseif word matches focus then

N

= word, := NextWord()
= focus := trace.pop ()

; ’ /
elseif word = EOF A focus = null then return root E M
else backtrack @

of “,
backtrack = pop focus.siblings; focus := focus.parent; focus.resetChildren X W‘f&\ W

F/
, b,ta"s °"* ﬂ‘m



FOLLOW Set

Right-Recursive CFG:

0 Goal — Expr x Factor Term

1 — Te + Factor Term

2 Expr' — + Term Expr' | @
3 | - Term Expr’ 9 Factor — ( Expr )

4 | ® | num

5 Term —  Facto

Expr Expr’ Term Term’ Factor

FIRST (, name, num +, -,€¢ (,name,num Xx,+,e (,name, num

Expr Expr’ Term Term’

FOLLOW eof, ) eof, ) eof,+,-,® Loy R SR

Factor

D0




FOLLOW Set: Algorithm

ALGORITHM: GetFollow
INPUT: CrG G=(V, ¥, R, S)
OUTPUT: Forrow:V — P(T u{eof})

PROCEDURE :
for AcV: Forrow(A) := &
ForLow(S) := {eof}
lastFollow := &
while (/astFollow + FoLLow) :

A— b1 B2 - |Br—1|Bk

lastFollow := ForLow _ 2
for A— B1B2...Bk € R: FOLLOW(BK) :
trailer := FoiLLow(A)

When € e FIRST(B)
FOLLOW(Bk-1) = ?

for ii k .. 1%
if B;jeV then
Forrow(f;) := Forrow((;) U trailer

if ecFIrsT(f;))
then trailer :
else trailer :

else

trailer := FIRsT([;)

traileruU (FIRST(S;) —¢€)
FIrsT(S))

When € ¢ FIRST(Bk)
FOLLOW(Bk-1) = ?



Computing_the FOLLOW Sets: Trailers

A — B1B2R3

Case 1: € ¢ FIRST(B3), € ¢ FIRST(R2)
+ FOLLOW(Bs)
+ FOLLOW(g2)
+ FOLLOW(g1)

Case 2: € € FIRST(Bs), € € FIRST(B2)
+ FOLLOW(Bs)
+ FOLLOW(B2)
+ FOLLOW(B1)



Right-Recursive CFG:

Expr

Term’ —
Term Expr’ |
+ Term Expr’ | €

Factor —

- Term Expr’

€ |

Factor Term' |

ALGORITHM: GetFollow
INPUT: CFG G=(V, X, R, S)
OUTPUT: Foriow:V — P(T u{eof})
PROCEDURE :
for AcV: Forrow(A) := @&
Forrow(S) := {eof}
lastFollow := @
while (/astFollow # FoLLow) :
lastFollow := ForLow
for A— B1B2...B8k€R:
trailer := FoLLow(A)
for iz & «: 17
if BjeV then
ForLow(fj) := ForLow(f;)U trailer
if eeFIrsT(f))
then trailer := trailerU (FIrsT(S;)—¢)
else trailer := FirstT(f))
else
trailer :=

FirsT(S;)

+ Factor Term

name

x Factor Term’

{ Expr )
num

/

FOLLOW Set: Tracing

First choose rules whose
LHS is processed.

Then rules whose

RHS ends

with a terminal.

Expr Expr’ Term Term’ Factor
FIRST (,name,num +, -,e (,name,num Xx,+,e (,name, num
Goal Expr Expr’ Term Term’ Factor




Backtrack-Free Grammar

A backtrack-free grammar has each of its productions
A— |y |...|vn satistying:

Vi,j:1<i,j<nnAi+jeSTART(y;) N START(7;) = &

FIRST(5) if e ¢ FIRST(5)
FIRST(3) u FOLLOW(A) otherwise

START(A - () = {

FIRST() is the extended version where 5 may be 162 .. s

Expr 6 Term’ — X Factor Term’
Term Expr’ | = Factor Term’
+ Term Expr’ | €

- Term Expr’ Factor — ( Expr )

€ 10 | num

Factor Term' 11 | name




Top-Down Parsing: Algorithm with lookahead

ALGORITHM: TDParse

INPUT: CFG G=(V, X, R, S)

OUTPUT: Root of a Parse Tree or Syntax Error
PROCEDURE:

root := a new node for the start symbol S

focus := root

initialize an empty stack lrace

trace.push (null)

word := NextWord/()

while (true):

if focus € V then

if 3 unvisited rule focus — B1B2...Bn€ R A word e StarT(3) then

create B31,82...08n as children of focus
trace.push (BnBp—1 - .- B2)
focus := 34
else
if focus = S then report syntax error
else backtrack
elseif word matches focus then
word := NextWord()
focus := trace.pop ()
elseif word = EOF A focus = null then return root
else backtrack

0 Goal —

Expr —

Expr’ —

Term’

Expr

Term Expr’

+ Term Expr’
- Term Expr’
€

Factor Term’
X Factor Term’

+ Factor Term’




Backtrack-Free Grammar: Exercise

A backtrack-free grammar has each of its productions
A- 1|y ... |~n satisfying:

Vi,j:1<i,j<nni#jeSTART(y;) N START(,) = &

FIRST(S) if e ¢ FIRST(S)
FIRST(S) u FOLLOW(A) otherwise

START(A - ) = {

FIRST() is the extended version where 3 may be 3182...8n

Is the following CFG backtrack free?

11 Factor — name
12 name [ ArgList ]

|
13 |  name ( ArgList )
15 Arglist — Expr MoreArgs
16 MoreArgs — , Expr MoreArgs
17 | €




Left-Factoring: Removing Common Prefixes

|dentify |a common prefix «:
A—>aﬁ1 |aﬁg|...|aﬁn|fy1 |’72|...|’)/j
[ each of v1,72,...,7; does not begin with «a ]

Rewrite | that production rule as:

A - CVB|’Y1|W2|---|7/‘
B - pB1|B2]...|Bn

name
name [ ArgList ]

11 Factor
12

13 name ( ArgList )
16 MoreArgs
17

, Expr MoreArgs

-
|
|

15 ArgList —  Expr MoreArgs
—
|

€




Implementing_a Recursive-Descent Parser

Production FIRST'

2 Expr’ — + Term Expr’ =i
3 | - Term Expr’ £=3
4 | € {e,eof,)}

ExprPrim/()
if word = + v word = - then /% Rules 2, 3 */
word := NextWord()
if (Term())
then return ExprPrim()
else return false
elseif word = ) v word = eof then /x Rule 4 x/
return true
else
report a syntax error
return false
end

Term()




