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Part I X.
Bottom-Up Parsing
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Bottom-Up Parsing: Problems

1) Two or more rules have the same handle

A= X.X,.. X g 25 Ul

17 M2 n or
B = X, X,...X,
handle

Note: A handle is the right-hand side of a rule.

2) Ambiguous grammars | Which of these tree to create? |

Georz = (N, T, P, E), where E /_\ E

N={E}L T={,+7%()}h
P={1:E—E+E, 2. E - E*E, E

'E—>(E), 2E—>i} E/I\E ‘

|+|*i

E

o

| + 1% |
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Bottom-Up Parsers

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

2) LR parser
e the most powerful

* Model of Bottom-Up parser:
Input string:

Pushdo n:‘al‘az‘ ‘ail ‘an

- . Table(s)
I} Bottom-Up |

Parser

Ll

2] - f= [

Right parse = reverse sequence of rules used In
the rightmost derivation of the
tokenized source program
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Operator-Precedence Parser

e No two distinct nonterminals have the same handle
 NO ¢-rules.

eLetG=(N,T,P,S)be CFG, where T={a,, a,, ..., a,}
Precedence-table:

ap o |a]..]a,|$

| Table[ ,a] e {<, =, >, blank} |

Illustration of meaning of <, =, >:
la<b| [a=b] [a>b]

S S S

AN\ b

AN A A
AN
U
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Operator-Precedence Parser: Algorithm

e Input:  Precedence-tablefor G=(N, T,P,S); x e T
e Output: Right parse of x If x € L(G); otherwise, error

e Method:
e Push & onto the pushdown,;
* repeat
e let a = the current token and
= the topmost terminal on the pushdown
e case Table[b, a] of:
e = : push(a) & read next a from input string
« < : replace b with b< on the pushdown &
push(a) & read next a from input string
e > If <y Is the pushdown top stringand r: A—>vy e P
then replace <y with A & write 1 to output
else error
e blank : error
untila=%and b =
* SuCCess
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Operator-Precedence Parser: Example

expr2

P={1.E—> E+E,

=(N, T,P, E), where N={E}, T={i, +, ~, (, )},
' E > E*E,

. E—>(E), 4. E—> 1}

Precedence-table for G,,,,:
Input token

+

*

(

)

$

NV V ANV V
NV V ANV A

<
<
<

<

V V

V V I

<
<

<

<

>
>

>
>

Note: Operator associativity and
precedence rules underlie the
precedence table:

® Wrong tree:  © Right tree:
E E

E E

Tel[ 11T

| + 1% | | + 1% |
Right parse: Right parse:
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Operator-Precedence Parsing: Example

=) |il$]| Inputstring:i+i*i$
S <c<cS<> Pushdown Op_lr_lp_ut Rule
< li+i*i$
> > < > < 2l|$< > [+i*i$ E >
< << =K E < |+i*i$
S S S | | $<E < 1i*i$
$<E+< > |*i$ E i
> > > > $<E+E < |*is
< < < < $<E+<E < 1i$
Rules $<E+<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 Precedence Table 1/5

* Let G, = (N, T, P, E), where N = {E},

T={(,), |d1, Id,, ..., 1d_, 0Py, OP,, ... 0P},

P={E—>(E),E—>Id,E—>Id, ...,E—Id_,
E—>Eop,E,LE—>EOP,E,....E>Eo0p,E}

Note: id,, id,, ..., id_, are identifiers,

0p4, 0Py, ... 0P, are different operators

1) Precedence of operators:
* I op; has higher precedence than op; then

‘ op; > op; and op; < op, ‘

Example: Precedence-table part derived from
the precedence of operators in G, -

>+I_>
< * -
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Construction of Precedence Table 2/5

2) Associativity:
Note:
e 0p; Is left-associative < a op; b op;c = (a op; b) op; c
* 0p; IS right-associative < a op; b op; ¢ = a op; (b op; C)
* Let op; and op; have equal precedence

* If op; and op; are left associative then

‘ op; > op; and op; > op, ‘
e If op; and op; are right associative then

‘ op; < op; and op; < op, ‘

Example: Precedence-table part derived from =

the associativity of operators in G,

+ 1s left-associative
*Is left-associative
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Construction of Precedence Table 3/5

3) ldentifiers: _
e If a € T may precede id;, then| a < idj

o Ifa e Tmay follow id;, then]id;>a

Example: Precedence-table part for identifiers

1= (1+1) %1 171D

, G T may precede i

AN N N|™

$
' >> > >
$ may follow
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Construction of Precedence Table 4/5

4) Parentheses:
e A pair of parentheses: (=)
eletae T-{), $}. Then, | (<a
eletae T—{(,$} Then, | a>)
e Leta e T and a may precede (. Then, 2=

elLeta e T and a may follow ). Then,

Example: Precedence-table NP .
([)]1]9$
part for parentheses. =
G+ GGr) |
, , may precede ( |L|< <[<[=]|<
((+D+D= i) +1)3 .
vV vV v =
+, %, ), $mayfollow)|s| [<]|
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Construction of Precedence Table 5/5

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

‘$<opiandopi>$‘

+H(*1 (1) [1]$
Example: Precedence-table part
> < <> <KD
for end-markers.

> > <> <>
<t = >> 0> >
<*
> $ S >> 0> >
>3 < < < << K<
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L R-Parser

elLetG=(N,T,P,S)beaCFG,
where N ={A, A, ... . AL, T={a,a,...,a}

o LR-parser is a EPDA, M, with states
Q=19 9, ---,0,}, Where g, 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 & Go-to Part

Action Part: Go-to Part:
ofa|..]la|..|al|$ BIA] | A -
o6 o6
Ji | 4| Ji | 4|
Ok Ok
alg,,a]=1or2or3or4 Bla;, A ]=1or2
1) <q: s=chift, g € Q 1)g:0e€eQ
2) rp.r=reduce,p e P 2)

3) ) : success
4) . error
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LR-Parser: Algorithm

 Input: LR-table for G=(N, T, P,S);x e T
» Output: Right parse of x if X € L(G); otherwise, error

e Method:
* push(<$, g,>) onto pushdown; state := q;
* repeat
e let a = the current token
case afstate, a] of:
* 50: push(<a, g>) & read next a from input string &
state .= qQ;

crpiifpr A— e P and
<?_(><A,?7><?7>...<X ,?>1s pushdown top
en state := B[q, A] &

replace <X, ,7><)(,7>...<X | 7> with <A, state>
on the pushdown & write 1 to output
else error
e ©: success
. . error
until success or error
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LR-Parser: Example 1/2

=(N,T,P,E),whereN={E, F, T}, T={i, + *, (, )},

exprl

P={ L.E->E+T, ZZE—>T, T > T*F,
T o> F, ' F > (E), F o 1
LR-table for G,

ali] +*] (] )I$ BIE|T
0] s5 4 011213
1 6 1
2 I ; 2
3 Action part 3
g 5 4 for Gg,prq g 81 2
g g j Go-to part 675 9
3 6 11 for Gexprl 3
9 I 9

10 10

11 11
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LR-Parser: Example 2/2

Rules: 1: E—> E+T, 2:E—>T, T —> T*F,
T > F, Fo(E), G6Foi
Input string: i * i $
Pushdown St]Input Enter Rule
<$,0> 0| 1*i$ |af0, 1] =35
<$,0><i,5> 51 *i$ |a[5, *] = F—
BLO, F] =3
<$,0><F-,3> 31 *i$ |a[3,*] = T >
BLO, T] =2
<$,0><T,2> 2 | *i$ |af2, *] =57
<$,0><T,2><* 7> 711$ |af[2,1] =55
<$,0><T,2><*/><i5> |5]|$ [a]5, $] = F-
3[7, F] = 10
<$,0><1,2><*7><-,104 101 $  |a[10, $]= T —
B3[0, T] =2
<$,0><7,2> 21% |a[2,$]=r2ll2: E >
B[0, E] =1 Success
<$.0><E. 1> 113$  lafl $] = ©] Right parse:
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Construction of LR Table: Introduction

e 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 Rule”

Gist: Grammar with special “starting rule”

Definition: LetG=(N, T, P, S) be aCFG, S’ ¢ N.
Extended grammar for G Is grammar
G=(NU{S’}, T,PuU{S > S}, S).

Why a dummy rule? When S” — S is used and the input
token is endmarker, then syntax analysis Is successfully
completed.

Example
exprl (NTPE) where N = {EFT}T {i, +,*, ()}
P={ LLE->E+T, ZZE->T, T —> T*F,

T —>F, F—)(E) F i }

Extended grammar for G,

G expr1 = (NTPE)whereN {E’, EFT}T {i,+,* ()}

P={ 0:E">E, E->E+T, ZE->T, 3:T->T*F,
T F, :F—)(E), Foi }
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Construction of LR Table: Items

Gist: Item is a rule of CFG with e In the right
side of rule.

Definition: Let G=(N, T, P, S) be a CFG,
A —> X e P,x=yz. Then, A — yez Is an item.

Example: Consider E —» E+T

All items for E — E+T are:
E > eE+T E > Ee+T E > E+el . E > E+Te

Meaning: A — yez means that If y appears on
the pushdown top and a prefix of the input Is
eventually reduced to z, then yz (= x) as a handle
can be reduced to A according to A — Xx.
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Closure of Item: Algorithm

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

e Input: G=(N, T, P, S); item |
e Output: Closure(l)

e Method:

e Closure(l) := {1},

* Apply the following rule until Closure(l)

cannot be changed:

e iIf A— yeBz € Closure(l) and B — x € P then
add B — ex to Closure(l)
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Closure of Item: Example 1/2

G,exprl - (N’ T’ P’ E,)i Where N - {E,, E1 F1 T}1 T — {|1 +1 *1 (1 )};
P={ 0:E’—>E, ‘E—>E+T, 22E—>ST, 3:T-—>T*F,
T > F, ' F—>(E),6:F > }

Task: Closure(l) for | = E’ — oE
Closure(l) :={E’ — oE}

1) E’ — oE e Closure II) and E — E+T e P:
add E — eE+T to Closure(l)

Closure(l) ={E’ — oE, E — oE+T}
2) E’ > eE € Closure(l) and E > T € P«
add E — T to Closure(l)
Closure(l) ={E’ — oE, E —> oE+T, E — oT}
3) E —> oT € Closure(l) and T —» T*F € P:
add T — eT*F to Closure(l)
Closure(l) ={E’ — ¢E, E — ¢E+T,E — oT, T — oT*F}
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Closure of Item: Example 2/2

G,exprl - (N’ T’ P’ E,)i Where N - {E,, E1 F1 T}1 T — {|1 +1 *1 (1 )};
P={ 0:E’—>E, ‘E—>E+T, 22E—>ST, 3:T-—>T*F,
T > F, ' F—>(E),6:F > }

4)E — oT € Closure(Dand T —» F € P:
add T — eF to Closure(l)

Closure() ={E’ — eE, E — eE+T,E — oT, T — oT*F,
T —>eF}
5) T — oF e Closure(l) and F — (E) € P:
add F — e(E) to Closure(l)
Closure() ={E’ — eE, E — eE+T,E — oT, T — oT*F,
T >eF, F—e(E)}

6) T — eF e Closure(l) and F — i € P:
add F — ei to Closure(l)

summary:
Closure() ={E” — eE, E — ¢E+T,E — oT, T — oT*F,
T—o>eF, F—>eE), F—ooei}
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Set O for Grammar G 1/2

Gist: O Is the set of all prefixes of the right-
hand sides of rules from G.

Definition: Let G=(N, T, P, S) be CFG.
Oc = {<y>: A —>yezisan itemin G}

Example:

Gex|or1 (NTPE)whereN {E’, EFT}T {i,+,* ()}

P={ 0:E"—>E, E>E+T, 2ZZE—>T, 3:T->T*F,
:T—>F, :F—)(E), F i 1

Task: Ogexnr1

1) Members of O, O length O: <e> € Ogreypr1

2) Members of ®g.,,,, Of length 1:
E'—>E, E—>E+T E-T, T—>T*F TIT-F F—)(E) F—i

<E>e® <T>e®

<F>, <(>, <|>e0

G’exprl G’exprl G’exnrl
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Set O for Grammar G 2/2

G expr1 = (N, T,P,E”),where N={E’,E,F, T}, T={i, +,*, (,) },
P= B’ > E, E>E+T, Z2E>T, 3:T->T*F,
T o> F, F—>(E),6:F—>i 1

3) Members of ®g.,,,,, Of length 2:

EE>EE-S>EtTES>T, T>T*F,ToF F—>(E),F->I
H_J e e— N e

<E+> € Ogrgyyry <I"™> €0 <(E>e06

4) Members of ©.,,,, Of length 3:

EE>EE-S>E+tT,E>T, To>oT*FETo>oF F—>(E),FoI
H_J e e— N

<E+T>e€® <T*F>e® <(E)>e0®

Summary:
® ={ <>, <E>, <T>, <F>, <(>, <i>, <E+>,
<T*> <(E>, <E+T>, <T*F>,<(E)> }

G’exprl G’exprl

G’exprl G’exprl G’exprl

G’exprl
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Contents(x): Algorithm

Note: For all x € ®,Contents(x) is the set of items
defined by the following algorithm:

 Input: Extended G=(N, T, P, S’); Og
» Output: Contents(x) for all X € O
» Method: '
e Contents(<e>) := Closure(S’ — eS);
e for each x € O, — {<e>}: Contents(x) := &
* Apply the following rule until no Contents set can
be changed:
If A — yeXz € Contents(<x>), where X e NuU T

and <xX> e O then
add Closure(A — yXez) to Contents(<xX>)
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Contents(x): Example 1/9

Gloprs =(N, T, P, E"), where N={E", E, F, T}, T={I, +,*, (, )},

P={ 0:E">E, E—->E+T, ZE->T, 3:T->T*F,
T > F, ' F—>(E),6:F > }
O expr1 = { <e>, <E>, <T>, <F>, <(>, <i>, <E+>,

<T*> <(E>, <E+T>,<T*F>,<(E)> }

0) Contents(<e>) := Closure(E’ — oE) =
{E/—> ¢E, Ef> oE+T,E 5> oT, T ¢T*F, T - oF, F > o(E), F > ei }

E’ — oE e Contents(<e>) & <cE> = <E> € QOgeyyp
add Closure(E’ — Ee) = {E’ — Ee} to Contents(<E>)

E — oE+T € Contents(<e>) & <e¢E>=<E> € Ogrgyppi
add Closure(E — Ee+T) = {E — Ee+T} to Contents(<E>)

E — oT e Contents(<e>) & <eT>=<T> € Ogeypys
add Closure(E — Te) ={E — Te} to Contents(<T>)
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Contents(x): Example 2/9

Contents(<e>) =

{E/—) oL, \E/—) oE+T, \E/—) oT, 'I\’/—) 0T*F,\T/—> of, f/—) o(E),\F/—) i }

T — oT*F e Contents(<e>) & <eT> = <T> € Ogenys
add Closure(T — Te*F) = {T — Te*F} to Contents(<T>)

T — oF e Contents(<e>) & <eF>=<F> € Og g,y
add Closure(T — Fe) ={T — Fe} to Contents(<F>)

F — o(E) e Contents(<e>) & <&(>=< (> € Ogreqpry
add Closure(F — (eE)) ={F — (eE), E > oE+T, E — oT,
T o> eT*F, T—> e F— eE), F— ei}toContents(< (>)

F — el € Contents(<e>) & <eI>=<I> € Oggnyy
add Closure(F — 1e) = {F — Ie} to Contents(<i>)
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Contents(x): Example 3/9

</ Contents(<e>) = {E’ > oE,E - oE+T,E — oT, T — o T*F,

T oo F>eE) Fei}

Contents(<E>) = {E” > Ee. E > Fe+T1}

Contents(<T>) = {E > Te T > Te*F}

Contents(<F>) = {T > Fe}

Contents(< (>) = {F > (eE), E > oE+T,E > oT, T — oT*F,
T oo F>eE) F—>ei}

Contents(<i>) = {F — ie}

Contents(<E£+>)= O
Contents(<7*>)= &
Contents(< (E>)= O
Contents(<E+7>)= &
Contents(< 7*F>)= &
Contents(< (£)>)= O
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Contents(x): Example 4/9

1) Contents(<£>) = {L/— Ee, E/> Ee+T}:

E — Ee : nothing

E — Ee+T € Contents(<£>) & <E+> € Og:gypps -

add Closure(E — E+eT) ={E — E+eT, T > oT*F, T — oF,
F — o(E), F — i } to Contents(<E+>)

2) Contents(<7>) ={C/> Te, J/> Te*F}:
E — Te : nothing
T — Te*F € Contents(<7>) & <T*> € Og:gypp1

add Closure(T —» T*eF) ={T > T*eF, F —> o(E), F — i }
to Contents(<T™*>)

3) Contents(<F >) = {T /> Fe}:
T — Fe : nothing
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Contents(x): Example 5/9
4) Contents(< ( >) =
{C/> (oE), E/> oE+T, B/ oT, [ /o oT*F, [ /o> oF, F/—> o(E), [/ i }
F — (eE) € Contents(< (>) & < (E > € Ogigypn
add Closure(F — (Ee)) = {F — (Ee®)} to Contents(< (E >)
F — oE+T € Contents(< (>) & <(E > € Ogreypri
add Closure(F — Ee+T) = {F — Ee+T} to Contents(< (E >)
E — oT e Contents(< (>)  but <(T > g g - NOthing
T — oT*F e Contents(< ( >) but < (T > ¢ Og:ey,rg - NOHING
T — oF € Contents(< (>)  but <(F > g Qg NOthiNg
F — ¢(E) € Contents(< (>) but<((> ¢ O expri- nothing
T —ei e Contents(< (>)  but < (i > ¢ Ogeqq- NOthINg

5) Contents(<i>) = {E/— i }:
F — l1e : nothing




32/42

Contents(x): Example 6/9

</ Contents(<e>) = {E’ > eE,E > eE+T,E > oT, T — oT*F,
T oo F>eE) Fei}

</ Contents(<E>) = {E’ —> Ee. E —> Ee+T}

</ Contents(<T>) = {E > Te T Te*F}

/ Contents(<E>) = {T > Fe}l

JContents(< (>) = {F — (oE), E —> oE+T, E — oT, T — o T*F,

T oo F>eE) F—>ei}

</ Contents(<i>) =

{F > e}

Contents(E£+>)= {E > E+eT, T — oT*F, T — oF, F — o(E),
F—>ei}

Contents(<7*>)=  {T o> T*eF, F > e(E), F > ei}

Contents(< (£>)=  {F > (Ee),E > Ee+T}

Contents(KE+7>)= O

Contents(< 7*F>)= O

Contents(< (£)>)= O
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Contents(x): Example 7/9

6) Contents(<E+>) =

{E/5 E+eT, [/ oT*F, [/ oF, /> o(E), [/ i }

E — E+eT € Contents(<E+>) & <E+T> € Ogieyyp

add Closure(E — E+Te) = {E — E+Te} to Contents(<E+T>)

T — oT*F e Contents(<E+>) & <E+T> € Ogrgypri

add Closure(T — Te*F ) = {T — Te*F} to Contents(<E+T>)
T — oF e Contents(<E+>) but <E+F > ¢ O, - NOthINg
F — o(E) € Contents(<E+>) but <E+ (> & Og¢,p1- NOthing
T — el € Contents(<E+>)  but <E+ 1> ¢ O, 1 NOthING

7) Contents(<T*>) = {T/> T*eF, E/> o(E), F/—> i }

T — T*eF € Contents(<T*>) & <T*F> € Ogrgypri

add Closure(T — T*Fe) = {T — T*Fe} to Contents(<T*F>)
F — o(E) e Contents(<T*>) but <T* (> g Og.¢y,: NOthINg
T — el € Contents(<T*>)  but <T™ > ¢ Og..,,1: NOthing
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Contents(x): Example 8/9

8) Contents(<(E>) = {E/> (Ee), E/> Ee+T }

F — (Ee) € Contents(<(E>) & <(E)> € Og:gypp

add Closure(E — (E)e) = {F — (E)e} to Contents(<(E)>)

E - Ee+T e Contents(<(E>) but <(E+ > ¢ Og..,,: NOthING
9) Contents(<E+T>) = {E/—> E+Te, [/ Te*F }

E — E+Te : nothing

T — Te*F e Contents(<E+T>) but <E+T*> ¢ O expri- nothing
10) Contents(<E+T>) = {I/—> T*Fe }

T — T*Fe : nothing

11) Contents(<(E)>) = {E/— (E)e }

F — (E)e : nothing
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Contents(x): Example 9/9

</ Contents(<e>) = {E’ > eE,E > eE+T,E > oT, T — oT*F,
T oo F>eE) Fei}

</ Contents(<E>) = {E’ —> Ee. E —> Ee+T}

</ Contents(<T>) = {E > Te T Te*F}

/ Contents(<E>) = {T > Fe}l

JContents(< (>) = {F — (oE), E —> oE+T, E — oT, T — o T*F,

T oo F>eE) F—>ei}

</ Contents(<i>) =

{F > e}

JContents(KE+>) = {E - E+eT, T - oT*F, T — oF, F — o(E),
F—>ei}

JContents(<7*>) = {T > T*eF, F > o(E), F — ei }

JContents(< (£>)=  {F —> (Ee), E > Ee+T}

JContents(<£+7>) = {E 5> E+Te, T - Te*F }

 Contents(< 7*F>) =

{T > T*Fe}

JContents(< (£) >) = {F > (E)e}
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Construction of LR-table: Algorithm

* Input: Extended G=(N, T, P, §°); Og;
Contents(x) for all x € ©; Follow(A) forall x € A
e Qutput: LR-table for G (o = Action part, 3 = Go-to part)

e Method:

» StatesOfTable := O; StartingState := <e¢>

e for each e O; do
 for each | € Contents(
e case | of
e | =A—>yeXz, W

) do
nere X € N.

If A — yXez € Contents(<g>) t

e | =A—>yeXz, w

nere X € 1.

If A — yXez € Contents(<g>) t

| =S — Se: g

, $] 1=

cl=A>ye (A=S’):
for each a € Follow(A) do o]

where p is a label of rule A —» y

nen B

nen af

,a] :

= <Q>

<g>
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Construction of LR-table: Example 1/5

Task: LR-table for G, ,

a §

i + = (] ) o1 E T F

<g> <E>| <T> | <>
<E>| Contents(<:=>):
<I> | I =E’ — ¢E e Contents(<:>):

<F>| E’ > Ee e Contents(<E>): B[<=>, E] := <E>

<i> | |=E — eE+T e Contents(<=>):
<I1E_I> E — Ee+T e Contents(<E>): B[<:>, E] :=<E>
<T*>

<(E>| |=E — T e Contents(<:>):

<E+T> E — Te e Contents(<T>): B[<c>, T] :=<T>

<(E)> | = E — ¢T*F e Contents(<:>):
E — Te*F e Contents(<T>): B[<c>, T] :=<T>

| = E — oF € Contents(<=>):
E —» Fe € Contents(<F>): B[<c>, F] :=<F>
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Construction of LR-table: Example 2/5

Task: LR-table for G, ,

a §

i + = (1 ) o1 E T F

<g> |=<i> <(> <E>] <T> | <>

<(> | Contents(<=>):
<E+>| I =F — o(E) € Contents(<=>):
<I*>| F - (eE) e Contents(<(>): a[<c>, (] := s<(>

<t+Es| | =F — el € Contents(<c>):
<(E)>| F— I e Contents(<i>): a[<c>, E] = 5<i>
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Construction of LR-table: Example 3/5

Task: LR-table for G

exprl
o! b
i+ =1l [slE] TI]F
<g> |=<i> <(> <E>|] <T> | <F>
<E> <E+
<T>
<F> \ \
<(> _
<i> | Contents(</>):
<E+>| |=E’ > Ee e Contents(</ >): a[</ >, $] ;=
<T*>
<(E>
<E+T> |=E — Ee+T e Contents(</>):
<T(*I):> E - E+eT e Contents(<E+>): a[</>, +] = s<E+>
<(E)>
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Construction of LR-table: Example 4/5
Task: LR-table for G, ,
o b

i+ 1>l JslE]l T]E
<g> |s<i> <(> <E>| <T> | <F>

<(>
<§> Contents(< 7'>):
<E+>| | =E — Te e Contents(< 7 >): Follow(E) = {+, ), $}

<T*> of[<7> +]=a[<7>))]=a[<7>,$]i=r2—
<E+7 Note: E — T is rule with label

<(E)>| =T —> Te*F € Contents(</>):
T — T*eF € Contents(<T*>): a[</>, +] = s<T*>

Construct the rest analogically.
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Construction of LR-table: Example 5/5

Final LR-table for G

exprl

a

B

*

T

<|>

<|>

<|>
<|>

<E+>

<E+>

<[*>

<[*>

<(>

<(>

<(>
<(>

<(E)>

<E>

<(E>

<[>

<E+T>

<F>

<F>

<F>
<T*F>
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Renaming the states

Rename LR table for G

the states: experith the renamed states:

Z

)

=
Q

-
[Tl
—
TI

old T=T (13

<> 5 1
<E> 5
<>
<F>
<(>
<|>
<E+>
<T*>
<(E>
<E+T3
<T*F>
<(E)>

=
N
w

RPOOWONOUIRWNRO
RPOOWONOUIRWNRFO
RPOOWONOUIRWNRFO

= =
==
= =
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