Lecture 16 - Nov. 10

Syntactic Analysis

Removing Left-Recursion from CFG
Computing the FIRST Set



Announcements
- ProgTest marks and results released

- Assignment 2 due next Monday

- Quiz2 and Quiz3 papers ready for pick-up on Monday



Removing_Left-Recursions: Algorithm Q > ¢

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 & girect ft-recursions

6 | PROCEDURE : . eb

7 impose an orgéf on V: ((Aq,As,...,An))

8 for i:

9 -

10 i / AY e R A A »d1]62]...|dme R then

11 3 ,'—>Aj’y. with Aj > 01y |doy|...|dmYy
12 . - 2P z
13 )~ (¢ |ﬂeR:J et gt Rt 2R

14 0 it with: A;i - BA], Al - oAl | e




Removing_Left-Recursions (1a)

1 JALGORITHM: RemovelLR

2 | 1IneuT: crGe G=(V, ¥, R, S) CDE[ X

3 ASSUME: G has no e-productions r{ -

4 OUTPUT: G’ s.t. G’ =G, G has no

5 indirect & direct left-recursiofs @T&M @ )<

6 J PROCEDURE:

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

8 for j: 1 W% @EC@/

9 for j: 1. .. i=]: T

10 if J(AANER A A —>61]62]...|0meR then &\

11 replace Ai— Ajy with A; -1y |dav|...|dmv

12 end = 4

13 for Aj—> Aa|BeR: \L ' AL—”

14 replace it with: A;— Al Al —» aAl|e 7— LAJ
e — yy

) - Ls olo viofiw

: ; Expr + Term Y&

" e ;Z:m « Factor @EM%TAM ¥ BC&/‘?
oo | Tattor




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

Directly Left-Recursive CFG:

Expr + Term ' > '
Expr - Term Exel&&

Term

Term = Factor
Term / Factor
Factor




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 :

A A A 6. | ome R then
replace A, — Ayy with A; - 5617 67| ... | Smy
end
for A - Aia|BeR:
replace it with: A;— Al Al - aAl|e




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

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,Az,...,An))
for i: 1 .. n:
for Js 1 .. =12
if 3 Ai-AveR A A »61|d2|...|dme R then
replace Aj— Ajy with A; -1y |dav|...|dmv
end
for Ai—-> Aia|BecR:
replace it with: A;— Al Al - aAl|e
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750
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 J: 1 .. M

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:
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Eliminating_epsilon-Productions

Q: Nullable variables?

L, S—=B|n14B
A= Mo |a
B> LBB|bB [}




Top-Down Parsing: Backtrack

Expr
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() I
focus := trace.pop () i
elseif word = EOF A focus = null then return root 1
else backtrack ‘

Term Expr’

+ Term Expr’
- Term Expr’
€

Factor Term’

@ Factor Term’

+ Factor Term’

€

( Expr )
num
name

backtrack = pop focus.siblings; focus := focus.parent; focus.resetChildren Term'’




FIRST Set

ifaeT

Expr x Factor Term’
Term Expr’ + Factor Term’

+ Term Expr’ €

- Term Expr’ ( Expr )

€ num
Factor Term’ name “M z‘/'\;
Tarlr — £

num name + - X += () eof e
FIRST num name + - x =+ () eof €
Expr Expr’ Term Term’ Factor

FIRST (,name,num +, -,€¢ (,name,num x,~,e (,name, num




