Compilers	Lecture 4	Dr. Zainab Hashim



Lecture4:                               Syntax Analyzer
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~
c. If FIRST (Yi) contains € for all i = 1 to n, then add € to Q
“ FIRST(X). o
@, Example (1):- o
2 Consider the following grammar:- o8
T E—E+T | T
(<} T—T*F | F
F— (E) | id
Sol.:-
Before calculating the first and follow functions, eliminate Left
Recursion from the grammar, if present.
E - TE'
E —+TE | &
T — FT’
T —*FT' | &
F— (E) | id
Production Rules of
FIRST sets 64
Grammar
106
E—TE = FIRST(E) = FIRST(T) = { (, id }
~
E —+TE'|€ = |FIRST(E)={+ €}
v
T—FT = |FIRST(T) = FIRST(F) = {(,id}
c
T—*FT | € = |FIRST(T)={* €}
: B,
F—(E)|id = |FIRST(F) = {(,id} “
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Ibn-AL-Hatthem/ Uep. Ut Computer Science ‘Inird Stage N
Chapter Three Q
“ Example (2):-_Consider the following grammar:- [k
GA S—A oo
88
2 A —aB/ Ad
B—b
e
P C—g
Sol.:-

Before calculating the first and follow functions, eliminate Left

Recursion from the grammar, if present.

S—A
A — aBA’
A —dA /€
B—b
cog
FIRST sets
® S—A = First(S) = First(A) = {a} ©
o
& , . e
o £ A — aBA = |First(A) = {a}
g ~
E S A—dd /€ | = |Firstd’)={d,€}
,, v
S E B-b = |First(B) = (b}
g c
s €-e = |First(©) = (g}
)
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Example (3):-_Consider the following grammar:-

S — aBDh
B—cC
cC—bC/E
D — EF
E—g/€
F-f/€

FIRST sets
S—aBDh = pirst(S)={a}
B—cC = | First(B) = {c}
C—bC/ €| = |First(C)={b, €}
D — EF = | First(D) = { First(E) - € } U First(F) = {g , f, €}
F8/C 1S |risup) = (g, €}

F-f/€ | = |First(F)=(f,€}

Example (4):-_Consider the following grammar:-

E—-E+T/T

T—-TxF/F

F— (E)/id

Before calculating the first and follow functions, eliminate Left

Recursion from the grammar, if present.
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University of Baghdad - Asst. Prof. Shaimaa Al-Obaidy Q
College of Education for Pure Science 2021-2022 Q
Tbn-AL-Haithem/ Dep. Of Computer Science Third Stage
Chapter Three [N
E — TE’ 88

E—+TE /€

N x o E

T - FT
T -xFD /€
F— (E)/id
FIRST sets
E - TE = First(E) = First(T) = First(F) = { (, id }

E'—+TE /e | = First(E’) = {+, €}

T FT = | First(T) = First(F) = { (, id }

T —xFT /€| = |First(T’) = {x, €}

rewrwrern
3o sa[ny uorPnpoig

F—E)/id | = |pirser) = ((, id}

67
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FOLLOW Set in Syntax Analysis Q
Follow (X) to be the set of terminals that can appear immediately nd
to the right of Non- Terminal X in some sentential form. That is
mean; we calculate the follow function of a non-terminal by
looking where it is present on the Right Hand Side (RHS) of a

production rule.

N x o E

-rhaga b
.(rule) Js om oal¥) £ 52l o sdnl (Follow) 4 saxa -1
($) s Luils (start) sainl (Follow) 4ad -2
L(€) = (Follow) 4 sana (s giad o) (Saall 4 (-3
14l (Follow) Aas saul cglhall juaiall Ga) slaall suaiall o Gl ol Lails -4
paill 1 i g8 (Follow) 4ad ¢l (terminal) g58 o saiadl gis 13 i
(terminal T)
Tglaa A painll 133 (Follow) Aad (55 cigud Ga) Jsbas yuaie iR 0S5 al 13 s
.(rule) e ) £33 B 352 sal) paiall (Follow) 4!
(Follow) 4af ¢ (non terminal NT) g5 e Ga¥l sstaall puaiall OIS 13 -
& Oa) sl sainll (First) 48 paze 0a g sadl 08 S 0uSin uainl) 13

68

Gn sl £330 2gagall saill (Follow) e sena M Bl (€) 4af s 108
(rule) ~
Rules For Calculating Follow Function v

1-If S is a start symbol, then FOLLOW(S) contains $, means, for
the start symbol S, place $ in Follow(S). {Means put $ (the ¢
end of input marker) in Follow(S) (S is the start symbol)} @‘
2- If there is a production A — aBB, then everything in FIRST(B)

@
except ¢ is placed in Follow (B), means Follow(B) = First() Q
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3-If there is a production A — aB, or a production A — aBp ~ =
where FIRST(B) contains ¢, then everything in FOLLOW(A) is
in FOLLOW(B), means Follow(B) = Follow(A) [
4- € will never appear in the follow function of a nonterminal. ]

D
®,
2,
GA

Example (1):- Consider the following grammar:-
S — aBDh

B—cC

C—bC/E

D — EF

E—g/€
F—-f/€
Sol.:-

Follow Set

S — aBDh  Qpirst(s) = {a} Follow(S) = { $ }

Follow(B) = { First(D) - € } U First(h)
={g,f,h}

—bC /€ Irirst(C)={b, €} Follow(C) = Follow(B) = {g, f,h}

First(B) = {c}

First(D) = { First(E) - € } U

FirstF) = {g, £ €] Follow(D) = First(h) = {h }

Follow(E) = { First(F) - € } U Follow(D)

First(E) = {g, €} tiem

First(F) = {f, €} Follow(F) = Follow(D) = { h }
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Chapter Three ~
Q
“ Example (2):- Consider the following grammar:- o
E—-E+T/T
3, oo
T—>TxF/F oo
2, F— (E)/id
e, Sol.:-

The given grammar is left recursive. So, we first remove left

recursion from the given grammar. After eliminating left

recursion, we get the following grammar-
E - TE'

E'->+TE' /€

T — FT'

T — xFT' | €

F— (E)/id

First(E) 7 First) = M) rottow(e) = 18 )}
First(E') = {+, €} Follow(E') = Follow(E) = {$, ) }
pictm) = st = ia) | POLLOWTEE) - S0 Fllon)

First(T') = { x, €} Follow(T') = Follow(T) = {+, $,) }
FirstF) = {(, id} Follow(F) = inirs:[-;',]_}e} U Follow(T)
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Q
“ Example (3):- Consider the following grammar:-
s—aA A
3, oo
A —aB/ Ad oo
2, Bb
e, C—g
Sol.:-

The given grammar is left recursive. So, we first remove left

recursion from the given grammar. After eliminating left
recursion, we get the following grammar-

S—A

A — aBA'

A'—dA' /€

B—b

C—g

First(S) = First(A) = {a} | Follow(s) = { $}

First(A)={a} Follow(A) = Follow(S) = { $ }
First(A') = {d, €} Follow(A') = Follow(A) = { $ }

First(B) = (b} Follow(B) = gli.‘iirs;(?') €} U Follow(A)
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Example ®:-
Having the following grammar:-
E-E+T/T
T-TXF/F
F-(E) / id
Show the moves made by the Top-Down Parser on the input=id+idxid$

1- We must solve the left recursion and left factoring if it founded
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i v e —— 3 3 et s ot e S
Example ®:- Q
“ Having the following grammar:- nd
@‘ E-E+T/T oo
a8
2 TTXF /F
F-(E) / id
C)A Show the moves made by the Top-Down Parser on the input=id+idxid$

1- We must solve the left recursion and left factoring if it founded

in the grammar

2, Alagy sa Jl U5 il g9 )l Ballan o 336 sball 93 o ils £935 ol sclgill 88 g
el
14
Compilers B
University of Baghdad Asst. Prof. Shaimaa Al-Obaidy
College of Education for Pure Science 2021-2022 106
Ibn-AL-Haithem/ Dep. Of Computer Science Third Stage
Chapter Three N
E-TE v
E->+TE /¢
T-FT ¢
T>xFT /¢ 8,
Fo(®)/id @
2- We must find the first and follow to the grammar: a
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- ~
E-TE (=}
“ E-+TE /¢ g
@A T-FT oo
a8
TxFT /¢
2,
Fo[E)/id
e, 2- We must find the first and follow to the grammar:

First(E) = {(, id} Follow(E) = {$,)}
First(E') = {+, €} Follow(E') = {$ , )}

First(T) = {(, id} Follow(T) = { +, $, )}
First(T') = { x, €} Follow(T') = {+, $,)}
First(F) = {(,id} Follow(F) = { x, +, $ ,) }

3- We must find or construct now the predictive parsing table

d N * C | ]s ®
E |E- TE® E 5TE” 106
E” E* 9+TE” E e |E'-e N
T | T -FT T FT”
T T 2 & |T -xFT" T g |T -e v
F | Foid F - (E)
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3]

4- Parse string or statement using parser. =]}

EEE|
HEEEEE

+idxid$ [|E” ++TE

* ]

| o] ] o] 8] &] <] ¥] &] &] &] +] +]
+
a
X
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Predicative Parsing (Top Down Parser) Q
e Predictive parsing is a special case of recursive descent g
parsing where no backtracking is required.
* The key problem of predictive parsing is to determine the

production to be applied for a non-terminal in case of

D
®,
2,
GA

alternatives

Non-recursive predictive parser architecture:-

INPUT L N
3
STACK — -

X Predictive parsing program o

Y

z

s v

Parsing Table M

The table-driven predictive parser has an input buffer, stack, a 62
parsing table and an output stream. 106

Input buffer:- It consists of strings to be parsed, followed by $
to indicate the end of the input string.

Stack:- It contains a sequence of grammar symbols preceded by

$ to indicate the bottom of the stack. Initially, the stack c
contains the start symbol on top of $. )
Parsing table:- It is a two-dimensional array M[A, a], where ‘A’ is

@
a non-terminal and ‘a’ is a terminal. Q
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Previously, we talk about the steps of top-down parser with or ~ Q
without backtracking. as shown below:-

1- Remove left recursion, because ambiguous not allowed in [
LL(1). (note that, this step is previously explained) a8

2- Compute FIRST and FOLLOW sets.

3- Construct the predictive parsing table using algorithm.

N x o E

4- Parse string or statement using parser.

Predictive parsing table construction

The construction of a predictive parser is aided by two functions
associated with a grammar:-

1. FIRST

2. FOLLOW

FIRST Set in Syntax Analysis
FIRST(X) for a grammar symbol X is the set of terminals that

begin the strings derivable from X.

Rules to compute FIRST set:-
1. If x is a terminal, then FIRST(x) = { ‘x’ }

2. If x — €, is a production rule, then add € to FIRST(x). ~

3. If X is non-terminal and X — a a is a production then add (a) to v
FIRST(X).

4. IfX — Y1 Y2Y3....¥Yn is a production, ¢

a. FIRST(X) = FIRST(Y1) @,

b. If FIRST(Y1) contains € then FIRST(X) = { FIRST(Y1) - € } a

U { FIRST(Y2) } a
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