Required Exercises

Exercise 1 (Simple LR)

Consider the following grammar G:

S—aB
B—S+B | €
1. Construct the SLR(1) parsing table for G. Please put down the detailed steps, including
the calculation of LR(0) item sets. [20 points]
2. s the grammar SLR(1)? [10 points]

3. Can the SLR(1) parser accept the input string aaaa+++? If yes, please list the moves
made by the parser; otherwise, state the reason. Before parsing, please resolve
conflicts if any. [10 points]

1. IESLR(M DR
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s' - s (L
S - aB (2)
B - S+B (3)
B - € 4

(2) 3KFOLLOW()&

1
2
3

FoLLow(s') = {$}
FoLLow(S) = {+,%$}
FOLLOW(B) = {+,$}

€)2) SARN(OUASES IIFEN S

SRR

closure({[S'—-S1})={[S'—-S],[S — -aBl}

/8
=

lo: [S'—-S]

[S — -aB]

HEIHIGOTO(l g, X)EREL,

X =S+, MOVE(lg, S)={[S'— S I}

/8
=

Bp

closure({[S'—= S 1})={S'— S I}
I4: [S"—>S-]

GOTO(lp, S) = I

X =aflf, MOVE(lg, a) ={[S — a-Bl}

dim

closure({[S — a-B]}) ={[S — a'B], [B — ‘S+B], [B — - ], [S — -aBl}

I, : [S— a'B]


af://n0
af://n2

[B — -S+B]

[B—-1]

[S — -aB]
I GOTO(lg, @) = I
GOTO(1y,B) = CLOSURE({}) = {}

GOTO(Iy,+) can not produce new item set.

I REMANmE, REGOTOE.

HHEILIIGOTO(,, X)EEL,
X = BAF, MOVE(l,, B) = {[S — aB]}

closure({[S — aB‘]}) = {[S — aB‘]}

A

g I3: [S— aB‘]
N GOTO(l5, B) = I3
X =SHJ, MOVE(l,, S)={[B — S-+B]}
closure({[B — S:+B]}) = {[B — S:+B]}
] l4: [B— S-+B]
) GOTO(l,, S) =,
X = afif, MOVE(l,, a) = {[S — a-B]}
closure({[S — a-B]}) ={[S — a'B], [B — ‘S+B], [B — - ], [S — -aB]}
I GOTO(l, a) =15

GOTO(I5,+) can not produce new item set.

3R RBEMLAME, RBGOTOE,

HEILAIGOTO(l,, X)EEL,

X =+0F, MOVE(ly, +) ={[B — S+BJ}

closure({[B — S+Bl}) ={[B — S+'B], [B — :S+B], [B — - ], [S — -aB]}

i

s : [B— S+B]
[B — -S+B]
[B—-]

[S — -aB]



Bp GOTO(l4, +) = Ig

GOTO(I4,S), GOTO(14, ), GOTO(I4, B) can not produce new item sets.

HHEISHIGOTO(I5, X)EREL,

X =BHJ, MOVE(ls5, B) ={[B — S+B‘]}
closure({[B — S+B-]}) ={[B — S+B-]}

] lg : [B — S+B-]

BD GOTO(Is, B) = Ig

X = SBf, MOVE(ls, S) = {[B — S-+BI}
closure({[B — S-+B]}) = {[B — S-+B]}

] GOTO(lg, S) = 14

X = afif, MOVE(ls, a) ={[S — a-Bl}
closure({[S — a'Bl}) = {[S — a'B], [B — *S+B], [B — - ], [S — -aBl}

] GOTO(lg, a) = I,

GOTO(I5,+) do not produce new item sets.

FRENATE, REGOTOE. EHEMAEREHE.

lo |
s 1 $
[S'—> 'S] » [S'—»S' ] —» accept
[S — -aB]
a
A4 VL \a
|2
[S — a-B] B 3
[B — -S+B] >
B— -] [S — aB]
[S — -aB] , a
S
h 4 I5
Iy [B— S+B]| g - ls
* > [B — -S+B]
[B — S-+B] |« [B—-] (B — S+B]
S [S — -aB]




(AFESLR( )R

ACTION:a
0 S2
1
2 S2
3
4
5 S2
6

2 ZSLERSLR(1)IGE,

E79REL,. |TFERIRBH-IFLYRRAT LR, 3T 8005, it

ACTION:+

r4

r2

S5

r4

r3

ACTION:$

acc

rd

r2

r4

r3

GOTO:S GOTO:B
1
4 3
4 6

el =]

=

BTFOLLOW(B)H, EfifEXAIBHIIE SHLMAB — - IS,

3. ALESZ BRaaaa+++

1 0

2 02

3 022

4 0222

5 02222
6 022223
7 02224
8 022245
9 0222456
10 02223
11 0224
12 02245
13 022456
14 0223
15 024

16 0245
17 02456

St
$

$a

$aa
$aaa
$aaaa
$aaaaB
$aaaS
$aaaS+
$aaaS+B
$aaaB
$aaS
$aaS+
$aaS+B
$aaB
$as
$aS+

$aS+B

PN ;S

aaaa+++$

aaa+++$

aa+++$

a+++$

+++$

+++$

+++$

++$

++$

++$

++$

+$

+$

+$

+$

fifa. S. B, XERFSAE

thiE
S2
S2
S2
S2
r4:B — e GOTO 3
r2:S—aB GOTO 4
S5
r4:B — ¢ GOTO 6
r3:.B — S+B GOTO 3
r2:S— aB GOTO 4
S5
r4:B — € GOTO 6
r3:.B — S+B GOTO 3
r2:S— aB GOTO 4
S5
r4:B — ¢ GOTO 6

r3:B — S+B GOTO 3



SR WSk et B e
18 023 $aB $ r2:S — aB GOTO 1

19 01 $S $ acc

Exercise 2 (Canonical LR)

Consider the grammar G in Exercise 1:

1. Construct the CLR(1) parsing table for G. Please put down the detailed steps, including
the calculation of LR(1) item sets. [20 points]

2. Can the CLR(1) parser accept the input string aaaa+++? If yes, please list the moves
made by the parser; otherwise, state the reason. Before parsing, please resolve
conflicts if any. [10 points]

(1) ¥ 36%

1 s'"-s (D
2 S -aB (2)
3 B~ S+B (3)
4 B - € (D)

(QFELR() B E &k
SIS
XTFIS' — S, $1, EASFMEAIERS e, FIRST(e$) = FIRST($) = {$}, FrLA[S — -aBIRIARIBEFFFA$
closure{[S'— S, $1} ={[S'— S, $], [S — -aB, $1}
B lg: [S'— S, $]

[S — -aB, $]
THEIBIGOTO g, X)EEL.
X =SHY, MOVE(lg, S)={[S'— S, $ 1}

closure({[S'— S, $I}) ={[S'— S, $1}

B l4: [S"— S, 9]
Bp GOTO(lg, S) = I4
X = afit, MOVE(lg, a) ={[S — a'B, $I}

XIF[S — aB, $1, HABFEAIEIe, FIRST(e$) = FIRST($) = {$}, FFLAIB — -S+B], [B — - IAJA
BIEFRT/I$
XJFIB — -S+B, $], EASFEAIER/+B, FIRST(+B$)={+}, FFLAIS — -aBIRIEBIEFHF/+
closure({[S—a'B, $1}) ={[S—a'B, $], [B—S+B, $],[B— " , $], [S—-aB, +]}
B I,: [S—>aB,$]

[B - -S+B, $]

[B—-,$]

[S—-aB, +]


af://n259

Bp GOTO(ly, a) =1,

ISP REHEIIE, RBGOTOE.

THRLAIGOTO(l,, X)EEL.

X =BHEf, MOVE(l,, B) ={[S — aB-, $I}
closure({[S — aB-, $]}) = {[S — aB-, $1}

B I3: [S— aB-, $]

Bp GOTO(l, B) = I3

X =SHf, MOVE(l,, S)={[B — S+B, $1}
closure({[B — S+B, $1}) = {[B — S+B, $1}

B I4: [B—S+B, $]

Bp GOTO(ly, S) = I

X =aflJ, MOVE(l,, a)={[S— aB, +I}

XTFIS —aB, +1, ENIBFERIEIE, FIRST(e+) = FIRST(+) = {+}, FFLA[B — -S+B], [B — - IV
HIEFR 9+

X$TF(B — -S+B, +], ENS/EEAIEI+B, FIRST(+B+) = {+}, FILALS — -aBIRARIBE=AT+
closure({[S — a'B, $1}) ={[S — a'B, +], [B — S+B, +], [B— - , +], [S > -aB, +]}

8 Is: [S—aB,+]
[B—-S+B, +]
[B—-,+]
[S—-aB, +]

ap GOTO(l,, a) =I5

IR REMLYME, FBGOTOE.
ITEILAIGOTO(,, X)EREL,
X =+0F, MOVE(ly, +) ={[B — S+B, $1}

XIF([B — S+B, $], EIBEEAIEIe, FIRST(e$) = FIRST($) = {$}, FTLA[B — -S+B], [B — - 189A

BIEFR %

XHF[B — -S+B, $1, EASEHEAIEA+B, FIRST(+B$) = {+}, FFLAIS — -aBINMRBIEFT 9+
closure({[B — S+B, $1}) ={[B — S+'B, $], [B — ‘S+B, $],[B — -, $ 1, [S — -aB, +]}

B lg: [B— S+B, $]
[B — -S+B, $]
[B—-$]
[S —-aB, +]
N GOTO(ly, +) = Ig

ITEIHGOTO(I5, X)ERE,
X =BHRf, MOVE(ls, B) =[S — aB-, +]
closure({[S — aB-, +]}) = {[S — aB:, +1}

B I7: [S— aB-, +]



B GOTO(l5, B) =14
X =ShY, MOVE(l5, S)=[B — S+B, +]
closure({[B — S-+B, +]}) ={[B — S'+B, +]}
B lg: [B— S+B, +]
ap GOTO(ls, S) = Ig
X = afif, MOVE(ls, a) =[S — a'B, +]

X$TFIS — a-B, +], ESIBEERIFE, FIRST(e+) = FIRST(+) = {+}, ATLA[B — -S+Bl. [B — - JAYM
AIEFR/9+

XTFB — -S+B, +], EASFEAIERII+B, FIRST(+B+) = {+}, FTLAS — -aBIRIERIEFHI/9+
closure({[S — -aB, +]}) ={[S — a'B, +], [B — :S+B, +], [B — -, +], [S — -aB, +]}
) GOTO(l5, a) =I5
THEIHIGOTO(Ig, X)EREL,
X =BHEf, MOVE(lg, B) =[B — S+B-, $]
closure({[B — S+B-, $]}) = {[B — S+B-, $]}
B lg : [B— S+B-, $]
Bp GOTO(lg, B) = Ig
X = SBf, MOVE(lg, S) = [B — S++B, $]
closure({[B — S+B, $1}) = {[B — S'+B, $]}
i GOTO(lg, S) = I,
X = afif, MOVE(lg, a) =[S — a'B, +]

XHTFIS — a-B, +], EAIBEERIEE, FIRST(e+) = FIRST(+) = {+}, ATLA[B — -S+Bl. [B— - JA9M@
AIEFR 9+

XTF[B — S+B, +], EASEHEAIERI+B, FIRST(+B+) = {+}, FLAIS — -aBIWERIBEFF+
closure({[S — -aB, +]}) ={[S — a'B, +], [B — :S+B, +], [B — -, +], [S — -aB, +]}
Bp GOTO(lg, a) =I5
I, REMLmE, REGOTOE.
I HEIHIGOTO(Ig, X)EREL,
X = +iF, MOVE(lg, +) ={[B — S+B, +]}
XJF[B — S+B, +], EIB/SERIEE e, FIRST(e+) = FIRST(+) = {+}, FTLA[B — -S+B], [B — - JAJE
BB /9+
XJFIB — -S+B, +], EASFEAIE/I+B+, FIRST(+B+)={+}, FFLAIS — -aBIIEBIBEFFF/+
closure({[B — S+B, +1}) ={[B — S+'B, +], [B — ‘S+B, +], [B — -, + ], [S — -aB, +]}
5 l40 : [B — S+B, +]
[B — -S+B, +]
[B—- +]
[S — -aB, +]
L GOTO(Ig, +) = I4g



o REMLINE, RBGOTOE.
I BIGOTO(I4 g, X)EREL,
X = BEF, MOVE(l1q, B) = [B — S+B-, +]
closure({[B — S+B-, +]}) = {[B — S+B-, +]}
B l49 : [B — S+B-, +]
L GOTO(l4q, B) = 4
X = SBf, MOVE(l1q, S) = [B — S++B, +]
closure({[B — S++B, +]}) = {[B — S-+B, +]}
AP GOTO(l4o, S) =g
X = afif, MOVE(l;q, a) =[S — a'B, +]

XITF[S — a'B, +], HABEHEAYE e, FIRST(e+) = FIRST(+) = {+}, EFLAIB — -S+B]. [B — - IV

RIEFFF 9+

X$TF[B — -S+B, +], EIS/SMERIERII+B, FIRST(+B+) = {+}, FFLAIS — -aBINHRIEFHF 9+
closure({[S — -aB, +]})={[S— a'B, +],[B — ‘S+B, +], [B — -, +], [S — -aB, +]}

L GOTO(l4q, a) =5

Il FREMAME, #BGOTOE. EMSTHFIEIERITE.



IO S |1 $
[S'— -S, 9] > [S'— S, §] —> accept
[S — -aB, $]
a
L I3
B A .
2 [S — aB-, $]
[S — aB, §]
[B — -S+B, 9] |
[B— - 9] s | 6
S — -aB, +] > ) ", B S+B,§]
[B - S+B,§] fex— [B—S+B. 3]
— ® [B—- 9]
\ 4 a [S - 'aB, +]
a <
I5 B
[S — a'B, +] B 17 ¥
> [B — -S+B, +] lo
B — -, +] [S —aB-, +]
[S — -aB, +] | [B — S+B-, 9]
d
S
: l10
s . [B—>S+B,+] | l41
» [B — -S+B, +] >
[B—S+B, +] 5 B — -, +] [B— S+B-, ]
[S — -aB, +]
ACTION:a ACTION:+ ACTION:$ GOTO:S GOTO:B
0 2 1
1 acc
2 S5 r4 4 3
3 r2
4 S6
5 S5 r4 8 7
6 S5 r4 4 9
7 r2
8 $10



ACTION:a

9
10 S5

11

2. o] Baaaat++

1 0

2 02

3 025

4 0255

5 02555

6 025557

7 02558

8 02558(10)

9 02558(10)(11)
10 02557

11 0258

12 0258(10)

13 0258(10)(11)
14 0257

15 024

16 0246

17 02469

18 023

19 01

ACTION:+

r4

r3

TSt
$

$a

$aa
$aaa
$aaaa
$aaaaB
$aaasS
$aaaS+
$aaaS+B
$aaaB
$aaS
$aaS+
$aaS+B
$aaB
$as
$asS+
$aS+B
$aB

$S

Exercise 3 (Lookahead LR)

Consider the grammar G in Exercise 1:

ACTION:$

r3

BAte

aaaat++$
aaa+++$
aa+++$
a+++$
+++$
+++$
+++$
++$

++$

++$

++$

+$

+$

+$

+$

GOTO:S GOTO:B

afE

S2
S5
S5
S5
r4:B — e GOTO 7
r2:S— aB GOTO 8
S10
r4:B — e GOTO 11
r3:B — S+B GOTO 7
r2:S— aB GOTO 8
S10
r4:B — ¢ GOTO 11
r3:B — S+B GOTO 7
r2:S— aB GOTO 4
S6
r4:B — e GOTO 9
r3:B — S+B GOTO 3
r2:S —aB GOTO

acc

1. Construct the LALR(1) parsing table for G. Please put down the detailed steps, including

the merging of LR(1) item sets. [20 points]

2. Can the LALR(1) parser accept the input string aaaa+++? If yes, please list the moves
made by the parser; otherwise, state the reason. Before parsing, please resolve

conflicts if any. [10 points]


af://n592

1. MIELALR( 1R
S % Exercise 2FHIGOTOE]
%01 B IR A EA IFEE:
lgro:  [B— S+B, $/+]
[B — -S+B, $/+]
[B—-, $/+]
[S — -aB, +]
L FNI BN ENIRIFHEE:
lug:  [B— S+B, $/+]
lo# 0111 IE R EA IRYFEE:
lg71: [B — S+B-, $/+]
LR A EIRFE:
lbs:  [S— aB, $/+]
[B— -S+B, $/+]
[B— -, $/+]
[S—-aB, +]
I3F01 AR A eI E:
I37:  [S— aB-, $/+]

BR& 5. 137 lage leros lon1EFEBRA. 130 lae Is. 1, BESGEGRILALR(SHRS

ACTION:a ACTION:+ ACTION:$ GOTO:S GOTO:B
0 S2 1
1 acc
2 S2 rad rd 4 3
3 r2 r2
4 S5
5 S2 r4 r4 4 6
6 r3 r3

2. AL 3EZ BRaaaa+++

TB RSt TSt AL &
1 0 $ aaaa+++$ S2

2 02 $a aaa+++$ S2



10

11

12

13

14

15

16

17

18

19

RSt
022
0222
02222
022223
02224
022245
0222456
02223
0224
02245
022456
0223
024
0245
02456
023

01

HStk
$aa
$aaa
$aaaa
$aaaaB
$aaaS
$aaaS+
$aaaS+B
$aaaB
$aaS
$aaS+
$aaS+B
$aaB
$as
$aS+
$aS+B
$aB

$S

PN
aa+++$
at++$
+++$
+++$
+++$
++$
++$
++$
++$
+$

+$

+$

e
S2
S2
r4.B — e GOTO 3
r2:S — aB GOTO 4
S5
r4:B — € GOTO 6
r3:B — S+B GOTO 3
r2:S — aB GOTO 4
S5
r4:B - ¢ GOTO 6
r3:B — S+B GOTO 3
r2:S — aB GOTO 4
S5
r4:B — € GOTO 6
r3:B — S+B GOTO 3
r2:S — aB GOTO 1

acc
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