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To compute FIRST(X) for all grammar symbols X, apply the following rukes

unlil no more terminals or & can be added to any FIRST =et.

1.
2.
L

Il X is terminal, then FIRST{X) is {X}.
X = eis a production, then add « 1o FIRSTIX.

I X is nonterminal and X =Y, ¥, - - - ¥, is a production, then placc @ in
FIRST(X) if for some i, a ix o FIRST(Y,}), and €« is in all of
FIRST(Y ), . .., FIRST(X,_,); that is, ¥, --- ¥, Zp>e If € i3 in
FIRST(Y;) for all j = 1, 2,. . ., k, then add ¢ to FIRST(X). For exam-
ple, cverything in FIRST(Y |} ix surely in FIRST(X}. W Y, does no
derive €, then we add nothing mote lo FIRST(X), bot if ¥, 25 ¢, then we
add FIRST(F ;) and so on,

MNow, we can compute FIRST lor any siring X X4 - - - X, a5 follows. Add

to FIRSTIX X, - - - X,) all the nom<¢ symbols of FIRST{X,). Alsoc add ke
non-€ symbols of FIRST(X ;) if « is in FIRST(X ;). (hc non-¢ symbols of
FIRST{X ;) if € is in both FIRST|X,) and FIRST(X ), and 0 on. Finally, add
€ to FIRST(X X, - - - X,) if, for alt i, FIRST(X,) contains «.

To compute FOLLOW(A) for all nonterminals A, apply the following rules

until moihing can be added w0 any FOLLOW set,

Flace § in FOLLOW(S). where 5 is the swary symbo) and § is the input
right endmarker.

If there is 2 production A — aBf, then everything in FIRST(B) except for
€ 15 placed in FOLLOW(8).

Il there is a production A —aB, or a production A —aBp where

FIRST(P) contains € (i.c., B 5= €), then everything in FOLLOW(A) is in
FOLLOWI(B).



wmp Example 411 : Construct the LR(1) parsing table for the following grammar -

1) 5§ »CC
{(2) C —aC
3} C o»d
Solution : First we will construct the set of LR(1) items -
LS 15: goto {13.C)
5++5% 53CCe%
S-2+«CCS
G=rwaC, aid I’ goio (1.8}
T Coed ol Caaels
C—+=al$
I,: goto {155} Caed$
S=5s% 1y: 0040 {10}
lZ: wbﬂo-c) Cage$
2:?;:: 152 9040 (1,C)
Cc— -6.5. C— ale, ad
13- gato {Ig.a) Ig: gota {1,.C)
Cra=C, ald Cale $
C~+ =aC, ad
C-+=d, aid
1;: gota (lg.d)
C—od» ad
We will initially add 5=« 5, § as the first rule in Iy Now match
S48, § with

[A o +XB,a)
Hence eS8
Ao eXpa
A=S.0=¢.X=5p=ea=$
If there is a production X >, bthen add X ey, b
~5 e CC, b € FIRST (fa}
beFIRSTE $) aseb = §
b e FIRST{$)
b={$}
+5 = ¢ CC, $ will be added in T,

The LR(1) parsing table as follaws -

action goto

a d $ s [+
0 53 54 1
1 Accapt
2 56 87 5
3 53 54 -]
4 [} A
5 lal
8 86 87 9
7 3
8 74 2
] rz

The remaining blank entries in the table are considered as syntactical error.
Parsing the Input using LR(1) parsing table
Using above parsing table we can parse the input string”aadd” as

Stack |input buffer] acton table | goto table Parsing action
50 aadds$ action{ 0,a }=53
$0a3 add§ action[J.ap53 Shitt
$0a3ad dd$ acion{3,d}=54 Shif
$hada3dd | 4% action{4,df=r3 [3,.C}=8 Reduce by C— d
$0a3s3CH | ds acion[8dFr2 | [A.Cj=6 | Reduce by G—» o€
$083C8 d$ action{8.dl=r2 {0.C}=2 | Reduce by C— oC
soc2 ds acbonZ dp87 Shit
$0C2d47 $ actionf7.$)=r2 [2,C}5 Raduca by C— ¢
$0C2CS § action{5,$)=r1 [0.5F1 Reduce by § - CC
3081 § acoapt

Thus the given input string is successfully parsed using LR parser or canonical LR

parser.




b Example 4.13 : : LALR(1) parsing table as follows -

§CC
Action
a d $ 3
Cod ‘ 0 847 1 2
Construct the parsing table for LALR{1) parser. 1 Accept
Solution : First the set LR(1) items can be constructed as follows with merged states. 2 538 S47 5
I Lag: 90%0 {1g:8) » s S47 89
Se58 C-28+C, akl Lo ] n L
$-+4CCS C—+ o 0C, Bid/$ 5 "
Csal, ad C—sed, a/d$
C—ad, ad
1.: OOKS {1 S) Liz: Go%o {lg.0)
F8e3 C-1d=, auss & r 2 r
t5: 90K (10C) I g (15.C) Parsing tha Input 'strirlg using LALR parser
B-+CeCS$ S CCn § The string having regular expression = a*da"d ¢ grammar G. We will consider
CreaCS input string as “aadd” for parsing by using LALR parsing table.
Ceds Lgg: D010 {13,C)
CsaCeald$ Stack Input buffer Acthon table goto table Parsing action
Now consider state I; there is a match with the rule [A—sa «a} b] and goto 50 jonf 0,8 =538
0 ay=14 sadd$ action{ 0,
C—+aC, a/d/$ and if the goto is applied on a' then we get the state I, Hence $0a36 add§ action{36,a-538 Shik
we will create entry action[0,a] = shift 36. Similarly, 50236238 dd$ oacton[38,d=S47 Shin
Inly $0a38a38a47 | o8 ncBonf47,dj=436 | [36,C[=89 | Reduce by C— d
i —ed ;,/: $0038a25C88 | o8 sctioc{dS.dpez | [38,Cj#89 | Reduca by C— aC
—a=af,
$0RIECEY action{88,d)=12 Raduce by C— aC
A=C, ¢ =, a=d, p=¢, b=a/d s ad o2 =
goto{l, d}=le $0C2 b sction{2,dj=347 Shift
hence action]0,d]=shift 47 30C2d47 $ action{47,3}=136 {2,C}5 Reduce by C— 4
For state Ly $0CZCS s action§5,5}=r1 0,81 Reduce by S - CC
Code,a/d/$ s
Ao ea $051 accapt
A=C a=da=2a/d/$ Thus the LALR and LR parser will mimic one ancther on the same input.

action[47,a] = reduce by C — d ie. rule 3
action[47d] = reduce by C — d ie. rule 3
action[47.§] = reduce by C — d ie. rule 3



'y Example 4.7 : Construct the SLR(1) parsing table for Finally the SLR{1) parsing, table will look as —

State actlon §oto
(JE — E+T FRERE ( ) $ E|jT|F
@E-T o | ss sS4 1§21 3
(3T = ToF : ”
o AmOCEOr
3 [} r4 ] ]
(OF ~id 4 | 85 84 a | 2] 3
Solution : We will first construct a collection of canonical set of items for the above s P P
grammar. The set of items generated by this method are also called SLR(D) items. As
there is no lookahead symbal in this set of items. &8 | ss 54 2 | 3
l: 7 55 54 10
E-r+E goto (15.+) 5 S8 St
E=sE+T lg:E+E++T ] r 87 r n
E—»T T o TeF
T wT+F TaF 10 [<] (] ] ]
TeF Fau
F-b o {E) F:: . L? H s | B 4] 13
Faeld '
= Remaining blank entries in the table are considered as syntactical errors,
gota (1, E) golo (ly,*) Input string : idsd+d
WE— Eer b1 T+ - H We will consider two data structures while taking the parsing actions and those
E—+Ee+T F— ={E) are — stack and input buffer.
Fanid
pop Stack Input bufler action table | goto table Parsing action
g € To 9ot {1,E) 30 ideid+id§ [Diid)=ss Shit
T-sTesE ly:FE) $0Nd5 sid+idS [ Sa}=r8 [0,F}=3 Reduce by F - id
E~+EesT
i $0F3 Ad+id$ | 344 [0.T)=2 Reduce by T o F
g o Fl 2 B sid =87 Shitt
I3:T-2Fe goto {1 hadd Wind [ 2]
lE~E+Te SOTHT7 id+ics [ 7M=S5 Shift
gote i) T TesF $0T2:7idS +id$ [ 5,4)=i6 (TF=10 Reduce by F ~ id
14T 0E) SO TaTF10 , +ias [ 10+ | (072 Reduce by T+ Ts §
E3sE+T oo {1,.F)
EvseT L T Te o $0T2 +Ki$ [ 242 [0.E}=1 Raduce by € » T
;:::'F ® $0E1 +ids [ 1.4]=55 Shit
Fs»
F: .:;5) P SDE1+8 bd$ [ 6dj=S5 Shit
Ly :F+ (B} e G 146105 L) [ 5.3F8 [6,F]=3 Reduce by F — id
goto {10k} SOE1+6F3 s [ 3834 {8.T}=0 Reduce by T F
lg:F-ride $0E1+8T $ [ 8.5pn [0ERt E—E+T
S0E1 ] acoept Accepl




