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Part VIII.
Bottom-Up Parsing
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Bottom-Up Parsing: Problems

1) Two or more rules have the sambandle

‘xl‘xz\...w

tokens
Note: A handleis the right-hand side of a rule.

‘X1‘Xz\---\ﬁ|

tokens
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Bottom-Up Parsing: Problems

1) Two or more rules have the sambandle

‘X1‘Xz\---\ﬁ|

tokens
Note: A handleis the right-hand side of a rule.
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Bottom-Up Parsing: Problems

1) Two or more rules have the sambandle

Use rule
A o X, X, X A
B o X, X,...X.

handle

Note: A handleis the right-hand side of a rule.
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Bottom-Up Parsing: Problems

1) Two or more rules have the sambandle

A o X X, X
B o X, X,... X

handle

Note: A handleis the right-hand side of a rule.
2) Ambiguous grammars [ which of these tree to create

Gexoo = (N, T, P, E), wher E/_\E
N={E}, T={I,+* ()}
P:{ 'E - BE+E,Z2:E - E*E E E

OS] ] [T

|+ j* | | + 1% |



3/34

Bottom-Up Parsers

1) Operator-precedence parser
 the least powerful, but simple & easy-to-make

2) LR parser
 the most powerfi

 Model of Bottom-Up parser:
Input string:

X Table(s)
Ll Bottom-Up _%

: Parser \
—a — BEEE

Right parse= reversesequence of rules used In
therightmost derivation of the
tokenized source program
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Operator-Precedence Parsef

e No two distinct nonterminals have the same handle

 No e-rules.

eletG=(N, T, P, S be CFG, wherT={a, a,, ... ,a.}

Precedence-table:

aj | ...

g

| &,

$

| Table[ ,a]0{<,=,>, blank |

lllustration of meaning of <, =, >:
lo<b] [a=b] [ a>b]
S S S

A A A
b .-

AN\ A b
b A
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. Output Right parse of< If x [ L(G) otherwse;error

* Method:
e Pusht onto the pushdown;
* repeat
e let 2 = the topmosterminal on the pushdown and
b = the current token
 caselable[, b] of:
=: push{) & read nexb from input string
e <: replacex with 2< on the pushdown &
pust(b) & read nexb from inpu string
e > If <ylisthe pushdowntop strimendr: A - yOP
then replace<y with A & write 1 to output
elseerror
e blank :if a=%andb = $thensuccess
elseerror

until succesor error
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Operator-Precedence Parser: Example

Gexpe = (N, T, P, E), whereN = {E}, T={I, +,*, (, )},
P={1.E - E+E,

'E - E*E,

‘E = (E), 4°E — i}

Precedenc-table for G
nput token

+

*

(

)

$

NV VANV V
NV VANV A

<
<
<

<

V V

vV V I

<
<

<

<

>
>

>
>

expr- | NOte: Operator associativity ar

precedence rules underlie the
precedence table:

® Wrong tree:  © Right tree:

E E
TN\
E E E
I
| + 1% | | + | * |

Right parse: Right parse:
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Operator-Precedence Parsing: Example

([HYylil$]| Inputstring: i +i*1$
< > Pushdown | Od Input Rule

*

+

< >

V VII V V
N

>
>
<
>
>
<
u

Rules:
'E - E+E

E - E*E
E—>(E)
E -
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Operator-Precedence Parsing: Example

+1*1 () |i|$|nputstring: 1+1*1 $

> <« <« > < || Pushdown [Of Input Rule
< |I+H*1 $

> > < > < >

< < < =KL

> > > >

> > > >

< < < <

Rules:

' E - E+E

'E - BE*E

:E_,(E)

E S
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Operator-Precedence Parsing: Example

+1*1 () |i|$|nputstring: 1+1*1 $

> <« <« > < || Pushdown [Of Input Rule
< |i+1*1 $

> > < > < >]g< > e | 2 E

< < < =KL

> > > >

> > > >

< < < <

Rules:

'E - E+E

'E - E*E

:E_,(E)

E S
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Operator-Precedence Parsing: Example

+1*1 () |i|$|nputstring: 1+1*1 $

> <« <« > < || Pushdown [Of Input Rule
< li+i*1 §

> > < > < >l|g< > +iti g E

< << =K E < |+i*i $

> > > >

> > > >

< < < <

Rules:

'E - E+E

'E - E*E

:E_,(E)

E S
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Operator-Precedence Parsing: Example

+1*1 () |i|$|nputstring: 1+1*1 $
> <« <« > < || Pushdown [Of Input Rule
< lI+i*1 $

> > < > < >l|g< > +iti g E
< << =K E < |+i*i $

> > > s||$<E < li*Yi$

> > > >

< < < <
Rules:

‘'E - E+E

'E - E*E

E_,(E)

E -
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Operator-Precedence Parsing: Example

+1*1 () |i|$|nputstring: 1+1*1 $
> <« <« > < || Pushdown [Of Input Rule
< lI+i*1 $
=2 <2< 28 > [+H*1$ ‘E S i
< << =K E < |+i*i $
S>> > s||$<E < li*Yi$
$<E+< > [*1$ ‘E o
> > > >
< < < <
Rules:
‘'E - E+E
'E - E*E
E_,(E)

E -
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Operator-Precedence Parsing: Example

+[=1 () i|s]| Inputstring: 1+i*i $
S <> <> Pushdown Opl_ I_r;put Rule
< li+i*i $
> > < > < Z2I$< > 4% $ E o
< << =< |[[E <|s
> > > >||$<E <["$
$<E+< > |*i$ E S
> > > >lg<giE < |*ig
< << <
Rules:
'E - E+E
‘'E - E*E
Ee(E)

E -
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Operator-Precedence Parsing: Example

+1*1 () |i|$|nputstring: 1+1*1 $
> <« <« > < || Pushdown [Of Input Rule
< li+i*1$

> > < > < >||g< > sikis | 2 E

< << =K E < [+i* $

> > > >|[3<E < [*i$ |
$<E+< > *i$ E S i

== 2 ZlI$<EE < |I*i%

< << K< $<E+<E* | < |i$

Rules:

E - E+E

'E - E*E

E - (E)

E -
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Operator-Precedence Parsing: Example

+[=1 () i|s]| Inputstring: 1+i*i $
S <> <> Pushdown Opl_ I_r;put Rule
< li+i*i $
> > < > < Z2I$< > 4% $ E o
c € < = < E < |+i*i $
> > > >||$<E <["$
$<E+< > |*i$ E S
> > > > $<E+E < I*i%
< < K< < $<E+<E < |i$
Rules: $<E+<E*<i | > |$ E - |
'E - E+E
'E - E*E
E - (E)

E -



Operator-Precedence Parsing: Example

7134

+[=1 () i|s]| Inputstring: 1+i*i $
S <> <> Pushdown Opl_ I_r;put Rule
< |i+i*i $
> > < > < Z2I$< > 4% $ E o
< << =< |[[E <|s
> > > S||$<E <["$
$<E+< > |*i$ E S
> > > > $<E+E < I*i$
< < < < $<E+<E < |i$
Rules: $<E+<E*<i | > |$ E - |
- E _ E+E $<E+<E*E | > |$ 'E - E*E
'E - E*E
E - (E)

E -




Operator-Precedence Parsing: Example

7134

+[=1 () i|s]| Inputstring: 1+i*i $
S <> <> Pushdown Opl_ I_r;put Rule
< |i+i*i $
> > < > < Z2I$< > 4% $ E o
< << =< |[[E <|s
> > > S||$<E <["$
$<E+< > |*i$ E S
> > > > $<E+E < I*i$
< < K< < $<E+<E < |i$
Rules: $<E+<E*<i | > |$ E - |
- E _ E+E $<E+<E*E | > |$ 'E - E*E
- E _ E*E $<E-+E > |$ 'E - E+E
E - (E)

E -




Operator-Precedence Parsing: Example

7134

+[=1 () i|s]| Inputstring: 1+i*i $
S <> <> Pushdown Opl_ I_r;put Rule
< |i+i*i $
> > < > < Z2I$< > 4% $ E o
< << =< |[[E <|s
> > > S||$<E <["$
$<E+< > |*i$ E S
> > > > $<E+E < I*i$
< < K< < $<E+<E < |i$
Rules: $<E+<E*<i | > |$ E - |
- E _ E+E $<E+<E*E | > |$ 'E - E*E
- E _ E*E $<E-+E > |$ 'E - E+E
‘E (E) E $

E -
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Operator-Precedence Parsing: Example

+[=1 () i|s]| Inputstring: 1+i*i $
S <> <> Pushdown Opl_ Input Rule

< li+i*i $
> > < > < Z2I$< > 4% $ E o
< << =< |[[E <|s
> > > >||$<E <["$

$<E+< > |*i$ E S
> > > > $<E+E < I*i%
< < K< < $<E+<E < |i$
Rules: $<E+<E*<i | > |$ E - |

- E _, E+E $<E+<E'E | > |$ E - E*E
- E _ E*E $<E-+E > |$ ‘E - E+E
‘E (E) E $
E Success

Right parse:
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Construction of Preedencd able 1/%

* LetG,,,, = (N, T, P, E), whereN = {E},
T={(),id,1d,, ...,1d_, Op;, OP,, ... OP,},
P={E-(E)E->Id,E->1Id, .. ,E - Id,,
E-Eop,E,E - EOp,E,....E - Eop,E}
Note:id,, id,, ..., 1d, are identifiers,
0py, 0P, ... Op, are different operators

1) Precedence of operators:
* If op, hashigher precedencehanop, then

op; > op; andop, < op,

Example: Precedence-table part derived from
the precedence of operatorsGg,,,

S m—
< * -




9/34

Construction of Preedencd able 2/%

2) Associativity:

Note:

* 0D IS left-associative= aop, bop c=(aop b)op,c
* Op; IS right-associative= aop b op c=a op, (b op, c)

* Letop, andop, haveequal precedence

o If op, andop; areleft associativethen
‘ op; > op; andop; > op, \
o If op, andop, areright associative then

‘ op; < op; andop; < op, \

Example: Precedence-table part derived from T

the associativity of operators .,

. . >
+1S Ieft-aSSOC|at|ve|:>
>

* IS left-associative
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Construction of Precedendable 3/%

3) ldentifiers: _
e If a0 T mayprecedeid., then| a<id

o If a0 T may follow id;, ther|id;>a

Example: Precedence-table part for identifiers

|5 (1+1) %] 17 D)

, (T may precedi

AN N N]—

$
| >> > >
$ may follow
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Construction of Precedendable 4/5

4) Parentheses:
» A pair of parentheses: | (=)

eletalT—-{),$}. Then | (<a
eletadT—{(,$}. Then, [a>)
» Leta O T anda mayprecede(. Then, | 2=
» Leta 0 T andamay follow ). Then,

Example: Precedence-table T T(Dlils
part for parentheses.
. e . <[>
(+(@ GG+ ]S
, 7, tmayprecede [ [< <|<[=]<
(((((u+|+|*|>+|$ —
'
+, *, ), $mayfo||ow <
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Construction of Precedence Table|5/5

5) End Marker $
» Let op. be any operator. Then

‘ $<op, andop, > $ \

Example: Precedence-table pajt
for end-markers.

_|_*
< + $
<* >
>$ >
>$ < <
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Construction of Precedence Table|5/5

5) End Marker $ Summary:
» Let op. be any operator. Then

‘ $<op, andop, > $ \

+H*L ()1 ]S
Example: Precedence-table palt
>S<<>< >
for end-markers.
> > <> <>
< +
> >> > >
<*
> ¢ S >> > >
>3$ < < < << K
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eletG=(N, T, P, 5 be a CFG,
whereN ={A,, A,, ... ,A.}, T={a,, &, ... ,a.}
e LR-parser is (EPDA, M, with states
Q={9 dy .-, 0}, Whereq,Is the start state.
M is based on LR table that has these two parts
1) Action part
2) Go-to part
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Action Part & Geto Part

Action Part: Go-to Part:
afla|..[a]|..|a.|$ BIA| - [A]--
Uo Uo
i |+ k. N
Ok o

afg,a]=1or2or3or4 Blg ,Al=1or2

1)=g: s=<hift, g0 Q Do ogdQ

2)p.r =reducep 0P 2)

3) ) : success

4) . error




. Output Right parse of< If x D L(G) otherW|se,error

* Method:
* push($, g,)) onto pushdow; state ;= qp,
 repeat
e let a = the current token
caseq|state a] of:

* =0: push(a, 0)) & read nexta from input string &
state:=q;

orpiif prA - [1 Pand
®\_§%Q>( , DOC, D ( . ?)is puskdown top
en state:= B[ A]

replace(’<,, ?X ., ?...0C, 2 with (A, state
on the pushdown & Write to output

elseerror
e ©): success
C : error

until succesor error
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LR-Parser: Exampl&/2 |

K=(N,T,P,S), whereN={S, A}, T={i, 0, (, )},
P={1:S 5 SoA, 2S5 A, 3 A S i, 4 A S (9)

LR -table for K:

alil ol (] )% B| S| A
03 4 01112
1 6 1
2 Action part 2
3 for K 3
4|3 4 41 5]2
5 6 8 Go-to part » 5
6 =3 4 for K 6 7
7 7
38 38
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S - A, STA S 1, 4DA S (9
Input string: 101 $
Pushdown St]Input Enter Rule




17/34

LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $
Pushdown St]Input Enter Rule
($, 0) 0| 10i$ |af0,i] =<3
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: o1 $

Pushdown St]input] Enter Rule
3.0 0 [ i0i$ [a[0, 1] = =
($, 0}, 3) 3| 0i$ |a[3, 0] = A S
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule
($, 0 0| 10i$ |af0,i] =<3
($, OX1, 3) 310% G_:3, 0] = A S
BLO, Al =
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule
($, 0 0| 10i$ |af0,i] =<3
($, 0}, 3) 3| 0% |a[3, 0] = A S
BlO, Al =2
($, OXA, 2) 2 |1 0$ |a[2, 0] = 'S o
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule
($, 0 0| 10i$ |af0,i] =<3
($, OX1, 3) 3|0% [a[3,0] = A S
BlO, Al =2
($, U4, 2) 2 | 0i$ |a[2, o] = 'S
B0, S =1
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule
($, 0 0| 10i$ |af0,i] =<3
($, 0}, 3) 3| 0% |a[3, 0] = A S
BlO, Al =2
($, OXA, 2) 2 |1 0$ |a[2, 0] = 'S o
B[O, 5] =1
($, 0¢S, 1) 1] o0$ |a[l, o] =<6
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule

($, 0) 0| 10i$ |af0,i] =<3

<$’ >< , 3> 3 O|$ G:B, O: — A S
BIO, Al =2

&, O(~, 2) 2 | 0i$ la[2, o] = 'S
B0, S =1

($, 0¢S, 1) 1| 0i$ |af[1,0] =<6

(3, 0S, 1o, 6) 61i$ |a[6,i] =<3
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule

($, 0 0| 10i$ |af0,i] =<3

<$’ >< , 3> 3 O|$ G:B, O: — A S
BlO, Al =2

($, OXA, 2) 2 10i$ |a[2, 0] = 'S
BlO, S =1

($, 0¢S, 1) 1| 0i$ |af[1,0] =<6

(3, OS, 1Xo0, 6) 61i$ |a[6,i] =<3

($, 0)X(S, 1Xo0, 6)(, 3) 31$ |a[3,$]= A S
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule

($, 0 0| 10i$ |af0,i] =<3

<$’ >< , 3> 3 O|$ G:B, O: — A S
BlO, Al =2

($, OXA, 2) 2 10i$ |a[2, 0] = 'S
BlO, S =1

($, 0¢S, 1) 1| 0i$ |af[1,0] =<6

(3, 0XS, 10, 6) 61i$ |a[6,i] =<3

<$’ O><81 1><O1 >< , 3> 31% gg,i — . A S
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule
($, 0 0| 10i$ |af0,i] =<3
<$’ >< , 3> 3 O|$ G:B, O: — A S
BlO, Al =2
($, OXA, 2) 2 10i$ |a[2, 0] = 'S
BlO, S =1
($, 0¢S, 1) 1| 0i$ |af[1,0] =<6
(3, OS, 1Xo0, 6) 61i$ |a[6,i] =<3
($, 0)X(S, 1Xo0, 6)(, 3) 31$ |a[3,$]= A S
BLo, Al =7
$, 05, Do, 6)A, 7y | 7]1% |a[7,$]= 'S .,
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule

($, 0 0| 10i$ |af0,i] =<3

<$’ >< , 3> 3 O|$ G:B, O: — A S
BLO, Al =2

($, OXA, 2) 2 10i$ |a[2, 0] = 'S
BlO, S =1
($, 0¢S, 1) 1| 0i$ |af[1,0] =<6
(3, 0XS, 10, 6) 61i$ |a[6,i] =<3

®.00S 00,3 |38 fafs$)=3) A -
Al =7

<$1 >< , 1>< , 6>< ’ 7> 719 g7,g — S S
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule
($, 0 0| 10i$ |af0,i] =<3
<$’ >< , 3> 3 O|$ G:B, O: — A S
BLO, Al =2
($, OXA, 2) 2 10i$ |a[2, 0] = 'S
BlO, S =1
($, 0¢S, 1) 1| 0i$ |af[1,0] =<6
(3, 0XS, 10, 6) 61i$ |a[6,i] =<3
®.00S 00,3 |38 fafs$)=3) A -
Al =7
<$1 >< , 1>< , 6>< ’ 7> 719 g7,g — S S
($, (S, 1) 1|s a1 9=
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LR-Parser: Example 2/2

Rules: 1:S - S0A, 2:S 5> A A S 1LAA S (S

Input string: 101 $

Pushdown St]Input Enter Rule
($, 0 0 [10i$ [a[0, 1] = =3
<$’ >< , 3> 3 O|$ G:B, O: — A S
BlU, Al =2
($, OXA, 2) 2 10i$ |a[2, 0] = 'S
BlO, S =1
($, 0¢S, 1) 1| 0i$ |af[1,0] =<6
($, O(S, 1o, 6) 61i$ |a[6,i] =:3
ERICEORITE I E EN e S SRS
Al =7
<$1 >< , 1>< , 6>< ’ 7> 719 g7,g — S S
($, 0(S, 1) 1]s |afL g =
Success
|- Right parse:
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Construction of LR Table: Introductipn

* One parsing algorithm but many
algorithms for the construction of LR table.

Basic algorithms for the construction of LR table:

1) Simple LR (SLR): the least powerful, but simple
and few states

2) Canonical LR: more powerful, but many states

3) Lookahead LR (LALR) : the best because the

most powerful and the same number of states as
SLR
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Extended Grammar with a “Dummy R|e

Gist: Grammar with special “starting rule”
Definition: LetG=(N, T, P, S) be a CFGS' LI N.
Extended grammi:for G Is gramma
G=(NO{S}, T,PU{S - &}, 9.

Why a dummy rule? WhenS' - Sis used and the input
token is endmarker, theyntax analysis is successfully
completed

Example:

K=(N,T,P,S), whereN ={S, A}, T={i, 0, (,)},
P={1:S- SoA, 22S - A ZA-i,4A - (S}

Extended grammar for K:

—(NTPS) whereN = {S S, AL T= {Io()}
P={0:S'-5 5 1LS- A, 2S5 A3ASLAA S (9}
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Construction of LR Table: Items

Gist: Item Is a rule of CFG with ¢ In the right-
hand side of rule.

Definition: LetG=(N, T, P, S) be a CF(
A - xUP,x=yz Then,A - yezis anitem

Example: ConsiderS - SoA

All items forS - SoA are:

S & 'SOA, S & S’OA, S & SO’A, S 5 SoAe
Meaning: A - yez means that I appears on
the pushdown top and a prefix of the input is
eventually reduced tp thenyz (= x) as a handle
can be reduced # according toA - X.
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Closure of Item: Algorithm

Note: Closure() Is the set of items defined by the
following algorithm:

e Input: G=(N, T, P, 9, iteml
e Qutput: Closurgl)
* Method:
e Closurdl) :={l},
* Apply the following rule until Closurgl)
cannot be changed:
e if A > yeBz [ Closurdl)andB - xP
thenaddB - <xto Closurgl)
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Closure of Item: Example 1/2

(NTPS) whereN = {S S, A}l T= {Io()}
{0:S'5 5 1:S5 SA,2.S - A 3AS L4 A S (S}

Task: Closurdl) for1 =S' - S
Closurdl) :={S' - S}

1) S' - «S [ Closur€l ?& S - SoAl P:
add S - «SoAto Closurdl)

Closure(l) ={S - ¢S, S - *«SoA}

2)S' - S Closurdl) & S - AL P:
add S - <A to Closurdl)

Closurdl) ={S' - ¢S, S - *S0A, S > <A}
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Closure of Item: Example 2/2

(NTPS) whereN = {S S, A}l T= {Io()}
{0:S'5 5 1:S5 SA,2.S - A 3AS L4 A S (S}

3)S - *AllClosurdl) & A - 1 UP:
add A - «i to Closurdl)

ClOSUfE(l) {S — S S - SOA, S - ‘A,A — ‘|}

4)S - «AClosurdl) & A - (S) U P:
add A - «(S) to Closurdl)

Summary:
ClOSUfE(l) :{S' — ’S, S o ’SOA, S o ‘A,A — ‘i,A — ‘(S)}
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Set®, (1) for grammaiG

Gist: For a symbol U and set of itemsl, ©,(l) denotes union of all
closures of the formClosurg A — yUeZz), whereA - yeUzis in I.

Definition: LetG=(N, T, P, §) be a CFG | be a se of
items, andJ U T I N. Then,
O,(1) ={j:] O ClosurdA - yUe2), A - yeUz 11}
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O,(1) ={j:] O ClosurdA - yUe2), A - yeUz 11}

Example
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Gist: For a symbol U and set of itemsl, ©,(l) denotes union of all

C

osures of the formClosurdA - yUez), whereA - yeUzis in |.

Definition: LetG=(N, T, P, §) be a CFG | be a se of
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Gist: For a symbol U and set of itemsl, ©,(l) denotes union of all
closures of the formClosurg A — yUeZz), whereA - yeUzis in I.

Definition: LetG=(N, T, P, §) be a CFG | be a se of
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Task: O,

ClosurdS - SoAe) OSUr€S — Ae¢) ={S - SoAe, S - As}

Taski  ©
C|OSUI‘€(A — ('S)):{A — (‘S), S - ‘SOA, S - ‘A,A — ’i,A — ’(S)}
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Set®- for GrammaiG

Note: Set@g for grammarG is the set of sets of items
defined by the following algorithm

 Input: ExtendedG = (N, T, P, S)

» Output: O for grammaiG

* Method:
* O; = {ClosurdS' - *9S5)};
eforeact | 0O;andU OONDO T
if ©,(1)# 0 then include se®(l) into B4
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Set®~: Example

:(NTPS) whereN = {S S, AL T= {Io()}
P={0:S'" 55 1S- SA, 2S5 A 3ASIL,4AA S (9)

Initializatior:
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Set®~: Example

—(NTPS) whereN = {S S, AL T= {Io()}
P={0:S'" 55 1S- SA, 2S5 A 3ASIL,4AA S (9)

Initializatior: closureS - +9)

{ S' S 'S,
S > ’SOA,
S - ’A,
A - 'i,
A5}
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Set®~: Example

—(NTPS) whereN = {S S, AL T= {Io()}
P={0:S"-5S5 1S5 S9A, 2. S -

A,

A 0,4 A S (S)

Initializatior: closureS - +9)

{Sl — 'S,
S 5 «SA
S—)’A,
A - 'i,

A9}

S

Closure(S' — Se) [
CIosure(S Se0A)

I

s -
S - S'oA}
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Set®~: Example

—(NTPS) whereN = {S S, AL T={i, o()}

P={0:S"-5S51S- SA, 2S5 A3AS1L,4:A - (9}
Initializatior: Closurgs - 9) Closure(S - S+ [
ClosurgS - As) £ S'  «S J' S CIosure(S S 0A)

I.>{S_,A.} S 5 «SA {S_>
S - A, S - S°oA}
A A - 'i,
A- (S}
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Initializatior: closureS - +9) Closure(S - S+ [
ClosurdS — Ae) S oS S CIosure(S Se0A)

PELS - A} SMSOAJ' s - >
S o 'A, : : S . S’OA}
A A o e | ClosurgA - ie)
A-O} [[A-i}
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A0 A=

ClosurdA - (=S))
9

{ A - (.S)’
S 5 «S0A, ClosurgS - So°A)
S - oA, 1SS SoeA
A = .I’ A - .i1

Aot A (9] ‘\_j
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R
ALS T A,
A - ’i,
A-+9)

S

Closure(S' — Se) [
CIosure(S Se0A)

| ClosurdA - ie)

{A— I}

ClosurdA - (S0)) O
CIosure(S Se0A)

(s - o

S - S.OA}T

{ é - é.s;?&\} ClosurdS - SoeA)
{S—> SO’A,
A - ‘i,
A - (S}

\_J
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Set®~: Example

H=(N,T,P,S"), whereN = {S S, AL T= {Io()}
P={0:S"-5 S 1.5S-5 S9A,2:S - A, 3 A

LA - (9)

Initializatior: closureS - +9)

ClosurgS — As) £ S oS T
N g—nioA.}
A ( A__Z-i,’

A9}

ClosurdA - (¢9))
9

S

Closure(S' — Se) [
CIosure(S Se0A)

ClosurdA - (S0)) O
CIosure(S Se0A)

| ClosurdA - ie)

{A— I}

(s - o

S - S°oA} 0
ClosurgsS - Som

A - ‘S,
A{Sﬁ‘(SO?A\ {é_)é’S.O?A\} |OSU|’€(S—> SO'A)
AT (S SeA
AR R | )
A= (S A o(S
AN 9}
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Set®~: Example
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A—)Ci,\ | A_).i’

e — A~ ) QJJ

losurgS - Soe A)
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Namingof membersn set®

Name the elements o®; asl,to |, wheren+1 is number of
elements iNnOg. The member withS' — «Sis |,

Example ©:

H* Closure(S - «S) Closure(S — Se) O
_)CIosure(S Ae) {S' S S, ]_ S CIosure(S Se0A)
?{S—’A.} g_’.ioAr {S—>
A ( A ei —1 i (ClosurdA - i) S - SoA} N
A= O} HA-I} ﬁure{SaSoA-
_()IlosurE(A - (*9)) ggiﬂﬁf&é . é?;)A))D ) 15— oA}
A S (¢9), ] ClosurdA - (S)e)
{ S . .(SO?A\]'?{ 2= ) Iosurqsmf A (S).
A S - S0A { (S)e }
—§~'|A {S S SoeA, 4~ A
e e

i A—)‘i,
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Namingof membersn set®

Name the elements o®; asl,to |, wheren+1 is number of
elements iNnOg. The member withS' — «Sis |,

Example ©,;:
{Sl—>‘S, 1 S
S S—»*SoA,.]- s S
X 2—»'?\, i S - S‘oA} 0
: Ao A r\
> :
{A - (-9, [A - (), I
Al 2, /S;’A-]y S & S0A {A- (9}

A—)l\ i A—>|
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Namingof membersn set®

Name the elements o®; asl,to |, wheren+1 is number of
elements iNnOg. The member withS' — «Sis |,

Example ©,;: |
(S - .S S
X 2—»"?\, i S - S‘oA} 0
( A-<9) KA} f\
> i
{A - (-9, [A - (), I
Al 2, /S;’A-]y S - SoA {A- (S}
o e (U S, )
A~ ' AL (9} o
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Namingof membersn set®

Name the elements o®; asl,to |

1 wheren+1 is number of

elements iNnOg. The member withS' — «Sis |,

Example ©,;:
l, |
|_-;{S~A-} >{1Sﬁs-
A S S0A} 0
( </| r\
i
TEE) — .
Al 27 A {A- (S}
—,% A AT ;
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Construction of LRtable: SLR Algorith

 Input: Extendeds= (N, T, P, S); Og;
Follow(A) for allAL N
e Output: LR-table forG (a = Action part,3 = Go-to part)

* Method:
» StatesOfTable= O; StartState= ClosurgS' - «9S);
o for eachx 1 Og4 do
e for each| [ do
e casel of
| = A - ye Xz whereX 0 M
B[, X] := Oy ()
| =A 5 ye Xz, whereX [ T:
afx, X] = s0y(x)
| =S - S-:(][ ,$] =
el =A -y (AZS):
for eacha O Follow(A) do af+, a] := 1,
wherep is a label of rul - vy
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Construction of LRable Examplel/S

|1:{sqs-s S-oA}I{S A}I{A—>|}
|5:{A — (S’), S . S’OA}, IG:{S — SO'A,A — °|,A — '(S)},
S < SoAs}, 1A — (99}

Task: LR-table forK

a B

| o] ( ) $| S A
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Construction of LRable Example1/5

(+9). 9 +SoA, S L, AAL SN (S)}
(S*),/5 = Se0A}, 1:{S = SoeA, A = si, A — «(9},

*h lgtA - (S}

a B

o | ( ) 3] S| A

S' L eSOl SON:P[lo, S = Og(l) =1,
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Construction of LRable Example1/5

|1H{sqs~s S}, 1S o At 1A i)
LA S (+9), —>SoAS—>AA—>|A—>(S)}
17{S - *} |8:{A_’ (S)’}}

T
ol (| )| % S| A

S' o eSOy, SON: Bl 5 = Oglte)y=1,




29/34

Construction of LRable Example1/5

S' - eSUI, SUN: B[l 9 := Ogig=1,
S eSoAUI, SON: B[l S =041, =1,
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Construction of LRable Example1/5

et
)l $] S| A

|
Il!‘

S' - «SUI, SUN: B[l I :=04g=1,
S eSoAUI, SON: B[l 9] = Odig=1,
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Construction of LRable Examplel/5

@H:{I {S — SS—) SOA,S—)'A,A—)'i,A—)'(S)},
Il{S — S‘ S S’OA} I {S — Ae |3:{A — i’},

|4{A—> ( ) —>’SOA, —>’A,A ‘i,A—)‘(S)},
IS{A—> (S) —)S’OA} |6:{S—> 'A,A—)’i,A—)'(S)},
174S —» Sgh&e} Ig{A /(S)e}

sk: LR- orK

| o | ( ) $S€3A

o | [a N

> S' - oSO, SUN: B[l §] :=04(5="1,
S eSoAUI, SON: B[l 9] = Odig=1,
S AUl AON: B[l Al =0, =1,
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Construction of LRable Examplel/5

@H:{I {S — SS—) SOA,S—)'A,A—)'i,A—)'(S)},
Il{S — S‘ S S’OA} I {S — Ae |3:{A — i’},
|4{A—> ( ) —>’SOA, —>’A,A ‘i,A—)‘(S)},
IS{A—> (S) —)S’OA} |6:{S—> 'A,A—)’i,A—)'(S)},
174S - Sei&e}, 1A /(S h

sk: LR- orkK

| o | ( ) $| S ? A
lo I 11 : ILI
> S L eSO, SON: B[l § = 0=,

S eSoOAUIl,, SUON: B[l S :=0Oglig=!,
S eAll, AON: B[l Al :=04(l) =15
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Construction of LRable Examplel/5

@H:{I {S—> SS—) SOA,S—)'A,A—)'i,A—)'(S)},
S & S, S b SeoAl 1HS S AL LA Lie},
LA = (+9), 9= *SoA, 9o A AL i, A L ()},
IS{A—> (S) —)S’OA} |6:{S—> 'A,A ’i,A—)'(S)},
17{S - Sg&e}, Ig{A /(S)}}

sk: LR- orK

P

| ( ) 3] S

L | I NP
S" - eSU Iy, SUN: B[l J :=0Og(=l,
S eSoOAUIl,, SUON: B[l S :=0Oglig=!,
S cAUlL, AN B[l Al := 041 =15,
Ao el Ul 1 OTrafly, 1] = 0() =l
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Construction of LRable Examplel/5

O, ={1,;{S = *S,S - *SA, S = sA A = si, A - *(9)},
1,{S" = S, S ) S0Al LHS o Al 1:{A L e},
LAA o (¢9), T «SoA, 9 A AL si,A L «(S)},
A S (S0),5 = SeoAY1:{S = SoeA A L oi, A «(9)},
17:{S - Seke}, 1g{A 5/(S°}}
sk: LR- orK
- d [ B

R T4 | NS

S' 5 «SOl,, SON:B[l,, § = Otg)=l,

SSeSoA D1, SON: B[l,, 5 = Oty =1,
S o cAT5AON: B[l Al = 0,(1) =15
A eiOl,iOT:al,]=6)=":,
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Construction of LRable Examplel/5

@H:{I {S — SS—) SOA,S—)'A,A—)'i,A—)'(S},
1S & S, S b S0AL THS = Al 1A Lie},
LA S (09, 95 «S0A 9= A AL <A L (3,
IS{A—> (S) — S’OA} |6:{S—> 'A,A ’i,A — '(S)},
1S = S, 1AA (9]

O k LR' =ZIJ1C OFK ,

[  —= b
i Ve (L) ] 8 s] A
l VV I Il: I_I
‘V“ S' eSO, SON: B[l S = Ol =1,
> S 50SoA 1, SON: B[l § = Ot =1,
S o eATTT5-ADN: Bl Al := Ox(1) =1,
| *a_ o, ioTall,j==06x) =1,
A~ oS0, (OT:ally,(:=0()=,
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Construction of LRable Examplel/5

@H:{I {S — SS—) SOA,S—)'A,A—)'i,A—)'(S},
1S & S, S b S0AL THS = Al 1A Lie},
LA S (09, 95 «S0A 9= A AL <A L (3,
IS{A—> (S) — S’OA} |6:{S—> 'A,A ’i,A — '(S)},
1S = S, 1AA (9]

O k LR' =ZIJ1C OFK ,

iy ([ )] s[s] A
Lo V’/ IEP e NPS
‘V" S' - «ST 1, SON: B[l I = Ol =1,
> S 5eSoA T, SON: B[l § = Ot =1,
S - *AUTGALIN: B[l Al i= ©,(l) =15
‘ A el Ul 1 OT: aligli==8{5=":,
A~ oS0, (OT:ally, (= Olg=,




30/34

Construction of LRable: Example 2/5

|1:{sqs-s S-oA}I{S A}I{A—>|}
|5:{A — (S’), S . S’OA}, IG:{S — SO'A,A — °|,A — '(S)},
S < SoAs}, 1A — (99}

o B
| o] ( ) $| S A

r

I
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Construction of LRable: Example 2/5

O, ={1,{S' = ¢S, S = *VA, S~ A A - *i, A = +(9)},
1,{S' JS s, Se0A}, 1,{S = Ae}, I {A = is},
LAA S](+9), S — «SoA, S AA LA L «(9)},
5 {A S|(S°), S - Se0A}, 15{S - SocA,A - «I, A - ()},
14S = [SoAs), 1A - ()]}
Task: LR-table forK
‘ o B
N o (] ) $] S| A
|o |4 Il I2
B N
S'5 S Olafl,$:=
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Construction of LRable: Example 2/5

O, ={1,{S' = ¢S, S = *VA, S~ A A - *i, A = +(9)},
R J S, S L SeoAl, | {S o As), LA S is),
LAA S](+9), S — «SoA, S A A S i, A - oI},
5 {A S|(S°), S - Se0A}, 15{S - SocA,A - «I, A - ()},
14S = [SoAs), 1A - ()]}
Task: LR-table forK
‘ o B
N o (] ) $] S| A
Io |4 Il I2_
4 i
S'5 S Olafl,$:=
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Construction of LRable: Example 2/5

O, ={1,;{S = ¢S, S = *SoA, S A A = *i, A = *(9)},
S = S0 S & S0A), LS o As), 12{A = ie},
LA S|(+9),S = SoAS—> A A S |A_> (9},
A S|(S), S o/ Se0A}, 1:{S = SoeA A = oi, A = «(9)},
|71{S~LHA} A{A - (S) 1}
Task: -table forK
o B
N of (] ) 3 S| A
b |, M
| ;
S'5 S Olafl,$:=
S- SoAll,,o0T:afl, 0] :=0,,) ==,
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Construction of LRable: Example 2/5

O, ={1,;{S = ¢S, S = *SoA, S A A = *i, A = *(9)},
S = S0 S & S0A), LS o As), 12{A = ie},
LA S|(+9),S = SoAS—> A A S |A_> (9},
A S|(S), S o/ Se0A}, 1:{S = SoeA A = oi, A = «(9)},
|71{S~LHA} A{A - (S) 1}
Task: -table forK
o B
N of (] ) 3 S| A
b |, M
4 I6I I i
S'5 S Olafl, 3=
S- SoAll,,o0T:afl, 0] :=0,,) ==,
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Construction of LRtable: Example 3/5

|1:{sqs-s S-oA}I{S A}I{A—>|}
|5:{A — (S’), S . S’OA}, IG:{S — SO'A,A — °|,A — '(S)},
S < SoAs}, 1A — (99}

a B

| o] ( ) $| S A
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Construction of LRable: Example 3/5

{1,{S' = +S,S = *SoA, S = *A, A = i, A = +(9)},

|1:{§qs~s S oA}, 1S - As), 1:{A s},
|4:{Aﬁ *S0A, S — *AJA S +i, A - +(9)},
I7:{S_,

6

S - Ae 01, Follow(S) ={o, ), $}:
afl,, o] = afl,, )] =a[l,, §] :=
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Construction of LRable: Example 3/5

{1,{S' = +S,S = *SoA, S = *A, A = i, A = +(9)},

|1:{§qs~s S oA}, 1S - As), 1:{A s},
|4:{Aﬁ *S0A, S — *AJA S +i, A - +(9)},
I7:{S_,

6

S - AL, Foilow(S) ={o, ), $}:
afl,, o] = all,, )] =all,, 3] =
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Construction of LRable: Example 4/5

{1,{S' = +S,S = *SoA, S = *A, A = i, A = +(9)},

|1;“{qu.5 S0}, 1S - A}I{A—>|}
|5:{A — (S’), S . S’OA}, IG:{S — SO'A,A — '|,A — '(S)},
1S = Sos}, (A - (SPT)

a B

| o] ( ) $| S A

N

[EEY
o
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Construction of LRtable: Example 4/5

|1:{sqs~s S-oA}I{S A}I{A—>|}
LS S, 1A o (SR

o)

N

=

\ A - ie O1,, Follow(A) ={o, ), $}:

afl;, o] = afls, )] =afls, §] :=
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Construction of LRtable: Example 4/5

|1:{sqs~s S-oA}I{S A}I{A—>|}
LS S, 1A o (SR

o)

N

=

3
\)A — i‘ L] In r\,““v'{A) —{O ) $}

afls, ol =afls )] = afl, =
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Construction of LRable: Example 4/5

{1,{S' = +S,S = *SoA, S = *A, A = i, A = +(9)},

S & S S & S0A), LS o As), 12{A = ie},
LA S (+9),S = +SoA, S & sA A - oi, A  «(S)},
1A & (S).S = Sv0A}, 1S — SoeA, A S/oi, A ()}
(S = SoAs}, 1A — (9]}

Construct the
) sl S | A | restanalogically.

3
\)A — i‘ L] In r\,““v'{A) —{O ) $}

afls, ol =afls )] = afl, =

o)

N

=
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Construction of LRable: Example 5/5

Final LR-table forK
a B

1 o]l (] )|l 4% S| A
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Renaming the states

Rename _ LR -table for Kwith the renamed states:
the states:
old fnew| | [afi] c] ()] B S[A
lo 0 013 4 01112
| 1 1 6 1
|, 2 2 2
|5 3 3 3
|, 4 413 4 415172
5 5 5 6 8 5
ls 6 6 |3 4 6 7
|- 4 4 4
lg 8 8 8




